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HCLS Framework:

Biomedical Research
Systems Biology/Physiology

— Organism as an integrated an interacting network of genes, proteins and
biochemical reactions

— Human body as a system of interacting organs

Molecular Cell Biology/Genomic and Proteomic Research
— Gene Sequencing, Genotyping, Protein Structures
— Cell Signaling and other Pathways

Biomarker Research

— Discovery of genes and gene products that can be used to measure
disease progression or impacts of drugs on patients

Pharmaco-genomics
— Impact of genetic inheritance on effects of drugs on patients

Drug Discovery and Translational Research
— Use of precilinical research to identify promising drug candidates



HCLS Framework:
Clinical Research

Clinical Trials

— Determination of efficacy, impact and safety of drugs for particular
diseases

Pharmaco-vigilance/ADE Surveillance

— Monitoring of impacts of drugs on patients, especially safety and adverse
event related information

Patient Cohort Identification and Management
— ldentifying patient cohorts for drug trials is a challenging task

Translational Research
— Test theories emerging from pre-clinical experimentation on disease
affected human subjects
Development of EHRs/EMRs for both clinical research and
practice
— Currently EHRs/EMRs focussed on clinical workflow processes

— Re-using that information for clinical research and trials is a challenging
task



Clinical Practice

Electronic Medical/Health Record

— Integration of Structured and Unstructured Information

— Design of EHRs/EMRs for both clinical research and practice
Computerized Physician Order Entry

— Computerized aids for submitting medication and lab orders
Clinical Disease Support

— Physican perpective:

» Therapeutic Decision Support, Drug Drug Interactions

Structured Clinical Documentation

— Templated forms to aid structured observation capture and storage into the
electronic medical record

Enterprise Terminological Services

— Standardization of definitions and codes for conditions, findings, observations,
labs, therapies, diagnoses, etc.

Disease Management

— Portals containing information relevant to a particular disease condition, e.g.,
diabetes

Personalized Medicine
— Personalizing therapeutic recommendations based on genetic profile of patient



Public and Consumer Health

Epidemiology/Bio-surveillance
— Monitoring of disease occurrences for unusual patterns
— Indicative of epidemics, terrorist attacks
Bio-sensors
— E.g., detection of cancer causing agents in ground water (ORNL)
Consumer Health Portals
— Health Information Prescription
— Electronic Prescription
Disease Management

— Portals containing reminders and alerts for patients for upcoming physicals, labs,
etc.

Personalized Health Records

— Presentation of patient health related information in a language understandable
to the lay person

Clinical Decision Support:
— Patient Perspective — help in choosing a good doctor
— Population perspective — help deploy appropriate resources in appropriate areas



A Convergeeed (CLEF)

Management
& Policy

XERS

Evidence based

health care Post genomic
research
Inforrnation
Clinical Practice,
Audit & Clinical trials
Governance

recruitment

w%g R
SN S




Translational Research and
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Translational Research

Improve communication between basic and clinical science so
that more therapeutic insights may be derived from new
scientific ideas - and vice versa.

Testing of theories emerging from preclinical experimentation
on disease-affected human subjects.

Information obtained from preliminary human experimentation
can be used to refine our understanding of the biological
principles underpinning the heterogeneity of human disease
and polymorphism(s).

http://www.translational-medicine.com/info/about

NIH Roadmap activity
— http://nihroadmap.nih.gov




Personalized Medicine

Propagation of insights from Genomic research into clinical
practice

Impact of new Molecular diagnostic tests hitting the market
— How can they be incorporated into clinical care?

— How does one update current clinical guidelines to incorporate the use of
these tests

— How can one enable novel clinical decision support?

How can phenotypic characteristics and genomic markers be
used to:
— Stratify patient populations

— “Personalize” clinical care
» Genetic test results as risk factors
» Therapeutic use of genomic markers
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Healthcare and
Life Sciences:
Current Challenges

* Health

* Practice

« Safety

* Prevention

* Knowledge

Hygieia, G. Klimt



Current Challenges:
Biomedical Research

Bridging between the genome and phenome

Integrating information across medical specialties, across
model organisms, between biological and clinical

Lack of Data/Knowledge Provenance, Rich Annotations

Lack of creation, management and inferencing with biomarker
evidence.

Drug Discovery Process

— How to break away from current “Conveyor Belt Model” and adopt the
“Translational Research Model” gaining and sharing insights throughout
the process

— Issues related to safety, efficacy and adverse event detection do not
seem to have the attention of the biomedical research community



Distributed Nature of R&D

Silos of Data...




Current Challenges: Clinical Practice

Medical literature doubling every 19 years
2 Million facts needed to practice

Limited decision support functionality implemented by
current vendor products

— A typical drug order recommendation, accounts for, at best, Age,
Weight, Height, Labs, Other Active Meds, Allergies, Diagnoses

There are 3000+ molecular diagnostic tests on the market,
genomics and personalized medicine will increase the speed
of change of evidence exponentially

Covell DG, Uman GC, Manning PR.
Ann Intern Med. 1985 Oct;103(4):596-9



Current Challenges:
Clinical Decision Support

How do we supply meaningful decision support that both
improves quality of care for patients and quality of life for
clinicians (and self-managing patients)?

How do we implement scalable decision support in presence of
a large number of decision variables to be introduced by
genomic knowledge?

How do we affordably develop, acquire and maintain the
knowledge bases required to deliver meaningful decision
support?

How do we adapt to ever changing clinical knowledge and
Incorporate new knowledge into clinical decision support
knowledge bases?



Current Challenges:
Clinical Knowledge Management

The rate of change for contraindication definition today is
very slow, yet it's a challenge for most EHRs to provide
decision support for contraindication or indication
management

With the advent of molecular medicine, this rate of change
could become more rapid, possibly daily

Change in a contraindication definition can lead to changes
In associated clinical decision support rules, order sets and
templates and other related content areas.

How does one create knowledge editing tools and software
infrastructure that can be used by subject matter experts,
knowledge engineers and informaticians to rapidly create
and manage different types of clinical knowledge?



The Bench <« Bedside Vision

Healthcare and Life Sciences: Framework
— An Information/Knowledge Perspective

Current Challenges
The Healthcare Life Sciences (HCLS) Ecosystem

HCLS Ecosystem Business Drivers




Ecosystem: Current State

Characterized by silos with uncoordinated
supply chains leading to inefficiencies in the system
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Ecosystem: Goal State
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Ecosystem: Goal State
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Roadmap

* Need to support a “virtual” view of Goal Ecosystem State.
— Alignment of key players unlikely

* Need to enable rapid and precision information and knowledge
sharing across all players in the Ecosystem.

* Ability to characterize information flows and enable “semantic”
standards to achieve this

« Potential role for semantic web technologies

« Governmental Initiatives

— NIH Roadmap Initiative
— FDA Ceritical Path

IMPACT: Likely to leverage efficiencies of operation and scale
across the HCLS Ecosystem.
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Ecosystem:
Economic, Business and Social Drivers

* Biomedical Research
— Strong public sector funding for long term research initiatives

* Drug Discovery + Clinical Trials
— Costly, lengthy, siloized process
— Lack of economic drivers for certain disease areas

— Increased spending has corresponded to lesser number of submissions
to FDA.

— Need for data and guidelines to drive adoption of new diagnostic tests
in the market and support from payors
* Healthcare
— Delay in Innovation Adoption
« Consequent impacts on Patient Safety and Quality of Care
— Patient Safety: Impact of Medical Errors
— Pay for Performance
— Economic and Patient Safety Impacts of Rapid Knowledge Change
— Electronic Health Record: National Initiative (NHIN, NHS)



Biomedical Research:

Socio-Economic Drivers
* NIH Funding Initiatives

— Program Announcements (PAs) that seek to initiate new programs of
research in various disease and translational areas

— Request for Applications (RFAs) touching on various fields of biomedical
and clinical research typically within the context of a program

— SBIR/STTR: Small Business, Technology Transfer grants

— Types of Grants
 RO1: Pl Lead Research Grant
* RO03: Small Research Grant
* R21: Exploratory Research Grant
» R34: Clinical Trial Planning Grant
» R56: High Priority, Short Term Project Grant

« Other Funding Agencies: AHRQ, DoD, DoE, Other Foundations
« Sample Funding Opportunities

— “Innovations in Biomedical Computational Science and Technology”
— “Translational Research in the Social Neuroscience of Mental Health”



Drug Discovery:. Economic Drivers

Need to find new uses for existing therapies, e.g., antibiotics
Insufficient economic drivers for certain disease areas
Post-market surveillance is weak

Higher spending on Biomedical Research doesn’t translate into
larger number of drug and biological product submissions

Increase in investment required for a successful drug launch

Need for better data and guidelines for using molecular
diagnostic tests, e.g., Roche P450 test



Business Drivers: How Medicines make
It to the Market
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The Pharma R&D Productivity Conundrum
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Business Drivers: Drug Discovery
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Drug Discovery: Business Drivers

The Cytochrome P450 test...
new data to drive drug choice and dose
When do you order this test?
How do vou use the test result?

oONLINE

@ 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.




Cytochrome P450 Test redicai policy

Subject: Genotyping for Cyvtochrome P4350 Polymorphisms to Determine Drug-Metabolizer

Status
Policy #: LAB.00013 Current Effective Date: 04/28/2005
Status: New Last Review Date: 04282005

I Description/Scope |

Genotyping for cytochrome P4350 polymorphisms is a genetic test that is designed to
predict a patient’s response to a drug, based on the patient’s ability to metabolize the
drag. It has been proposed that this genetic test be performed prior to the imtiation of a
drug to permit dosage adjustments based on genetic factors. This policy addresses this
laboratory test globally, rather than focusing on specific drugs or chinical situations.

[ Policy Statement |

Investigational™Not Medically Necessary:

Genotyping for cytochrome P450 polymorphisms to determirfirrzmrerstrotrersrammete
considered lnresnganonalmot medically necessary, including but not limited to, patients
irdtiating therapy with warfann, phenvtam mudepressants or antipsychotics.

I Rationale I

Predicting therapeutic failures or severe adverse drug reactions by genotyping for
important polymorphisms m key drug-metabolizing enzymes, receptors, transporters, etc,
has the potential to optimize drug choice and or dose earlier for more effective therapy,
avoid serious adverse effects and decrease medical costs. While genotyping for the
CYP430 enzymes would only need to be done once per patient and the results could be
used to consider other drugs metabolized by the same enzymes, whether or not
genotyping is clinically useful would need to be determined for each drug. Even drugs of
the same class may vanably rely on specific CYP430 enzymes. For example, the plasma
level of the selective serotonin reuptake inhibitor (S5RI) fluoxetine is significantly affected
by polymorphisms whereas the SSRI sertraline appears to be marginally affected.
Additionally, different approaches to genotyping may result in a varety of tests to be
validated, each directed toward a subset of enzymes or drugs.

Clinical utility studies of genotyping for well-established brand name and generic drugs
are in their infancy. A hterature search did not identify any published controlled studies
that demonstrated that therapy directed by the results of genotyping resulted in improved
patient management. Appropnate outcomes for evaluation might include adverse events,
days hospitalized and timed to a clinically significant, predefined change in condition
using an approprnate and validated measure. While the potential of pharmacogenomics is
ntnguing for many chinical applications, it is not vet clear which are most hikely to yield
chinical benefit in the near future. As this field evolves and marures, and if pre-prescription
testing is shown to be of clinical utility for specific drugs. it will be important to establish

&) Done

i: — i 2 | e Removabie Disk (D:) | 153 My Documents | (3] Microsoft PowerPaint ..

e Payors won't pay for
this test

e No data on it’s value

e Worse, no knowledge
base on how to use the
test result

 No titration algorithms

e No substitution
algorithms

e Test could be as
ubiquitous as serum
creatinine level for renal
function

e Must plan for this in
the early discovery
process, not after it's on
the market




Clinical Practice: Business Drivers

As much as a 17 year innovation adoption curve from discovery
into accepted standards of practice

Patient safety is a big issue:

— 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

Healthcare inflation is an issue -- past market utilization
management measures have not succeeded

Economic and social costs of chronic diseases such as
diabetes

Quality measures drive reimbursement



Clinical Practice:

Patient Safety is an issue!

« Medical Errors kill between 44,000
and 98,000 people each year

« 7.3% of hospital admissions incur
preventable medication errors
— 66% of these were not intercepted
— 25% resulted in patient harm

— 360 preventable Adverse Drug Events
for a hospital with 20,000 annual
admissions, almost 1 ADE per day




Pharma

Clinical Decision Support:
Business Drivers

CMS/TriCare/VA

>

Payors

Hospitals

Doctors

New Healthcare Business

1)
2)
3)
4)
5)

6)

Climate in the US:

Give consumers greater
financial responsibility
Reduce Hospitalizations and
cost per hospitalization
Increase quality
performance — value based
purchasing

Reduce drug expenditures
Reduce imaging study
expenditures

Increase wellness/reduced
sick days



Clinical Practice: Business Drivers

Today's Globe Opinion  Magazine Education Science MECK  Special reports  Ohituaries

HOME = MEWS = LOCAL = MASS,

State posts data on doctors The Hoston Globe

Website provides surgery statistics

By Liz Kowalczyk, Glohe Staff | February 1, 2006

Before b
answer

The stat
the publi
perfarrmil
including

Hesearc
certain ¢
BXPErERN
figures t
COnsums

But phys
linking g
on the s

The web
informati
hospitals
surgery,
endarter
year tha
operatiol
patient v

Today's Globe Opinion  Magazine Education Science MECH  Special reports Obituaries

HOME = MEWS = LOCAL = MASS,

Plan would tie copayments to doctors'  The Boston Slobe
rankings

Lower fee for using 'best value' physicians

By Jeffrey Krasner, Globe 5taff | January 27, 2006

The agency that oversees health insurance for 144 000 state workers wants to launch a
program to control runaway healthcare expenses: a ranking of doctors' guality and
efficiency that would be tied to lower copayments for patients who seek care from higher-
rated doctors.

The Group Insurance Commission this morning will exarmine ARTICLE TOOLS
proposals it requested fram Harvard Pilgrim Healthcare, Tufts &, FRINTER FRIENDLY
Health Plan, Health New England, Fallon Community Health
Flan, and other insurance companies. A key feature of each
praposal is variable copayments. For example, under the
Harvard Filgrim and Tufts scenarios patients would pay $15 ta
visit & doctor who is rated highly and 525 to see one with a
lower rating. MORE:

[E $INGLE PAGE

B EdelL TO A FRIEND
MASS, RSS FEED
P MOST E-RAAILED

Globe CityiRegion stories

Dolores L. Mitchell, executive director of the commission, said
Latest local newes

ranking doctors would be an important step toward making
redical care more transparent and keeping prermiums down.

“We're saying to our members, these specialty doctars and primary-care physicians
represent the best value, and we'll reveard you if you use therm," Mitchell said.

But many of the state's physicians oppose the idea, saying there is no widely accepted

* Employers and consumers are
now paying for performance

*They will not wait for the data to be
right or fair because they believe if
they wait, it never will be

* Instead, they are using the
process of rewarding performance
to force the healthcare providers to
“make the data right”

 Defined Contribution lays even
greater purchasing responsibility at
the door of the consumer

» Pay for performance and defined
contribution will increase EHR

measure of quality care or efficiency. They also warn about the risks of adopting a new l adop‘“on

pragram with such a large group of beneficianes without first conducting pilot studies.




Business Drivers: EMR

Pay for performance will provide motivation for capturing and
storing accurate data

— Will “force” the providers to make the data “right”

— EMRs will provide a cost-effective tool for this

Need for computing quality measures that will drive
reimbursment

Provides the substrate for implementing decision support

Socio-governmental driver: Federal Government initiatives and
Incentives

— NHIN effort in the US

— NHS modernization in the UK



Diabetes: Economic and Social
Impacts

Epidemic, associated with obesity

Estimated avg $21,000/year per diabetic employee in
absenteeism, disability and medical costs (study of 6
employers with 375,000 employees)

Creation of Quality measures that drive reimbursment

« Maintain HbA1c <7 (diet, oral agents and/or insulin)
* |f Renal Disease and no contraindication, should be on ACE inhibitor or ARB

« [f lipid disorder and no contraindication, should be on a statin like lipitor



When Knowledge
Changes...
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CDS + Knowledge Acquisition:
Business Drivers

Clinical Standardization
Standards of Practice,
Role/Venue Requirements
Billing/Regulatory Requirements

Improvisation User Personalization

Patient Preferences End-user role, workflow preferences
Learning and User-defined
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Role of Data, Knowledge and

Semantics in the HCLS Ecosystem
Knowledge Feedback Loop

Bench < Bedside Vision:
— Knowledge Dependent Architecture

— Use Case Flows
» Personalized Medicine
* Drug Discovery and Development

The Data Semantics Continuum

The Knowledge Semantics Continuum



HCLS: The Knowledge Feedback Loop

E.g., Application of Clinical
Decision Support Rules

Knowledge

Application

E.g., Analysis of clinical
Care transactions for
New or updated Rules

Knowledge Knowledge

Asset Management Discovery

E.g., Creation and Maintenance

of Clinical Decision Support Rules



Bench < Bedside:
Knowledge Dependent Architecture
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Bench < Bedside:
Use Case Flow based on Shared Semantics
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Use Case Flow:
Drug Discovery and Development

Qualified Lead

Targets Generation

Lead ’ Toxicity &
Optimizatioza(’ O Safety

Molecular Biomarkers
Mechanisms \J
.. Pharmacogenomics
Clinical ‘

Trials




The Data Semantics Continuum:
HealthCare

Other Order
History, Types
Physical,
ClnjeEms e Pathology Laboratory
Genetic Observations (R?rdeﬁ, and
Test Results Ll
Image +
Text Semi-structured Structured
@ o o @ @
Text Text + data Data Items
items
Radiological Microbiology Problem/Disease
Reports Observations Observations
Medication Lists
and Orders
Unstructured Structured

Data Types

and Composite Data Types



Healthcare Data: Clinician Notes

HISTORY OF PRESENT ILLNESS: <X> had a fall on September, 15, bruised and cut her face and lip
and required some sutures. A review of her laboratory tests reveals an albumin, creatinine ratio of
139 the test done in 06/04. She is currently on 75 mg of captopril and plans are to retest
microalbumin. Again, revisit in three months. Nocturia one to two times nightly. She does have

occasional paresthesias in her upper extremities.

MEDICATIONS: 500 mg of metformin one in the morning, one at noon and 1000 mg in the evening
and Avandia 4 mg a day. In addition, to her captopril she is on Norvasc.

REVIEW OF SYSTEMS: No chest pain, shortness of breath, or cardiovascular symptoms at this time.
She has not had her eyes examined for the past year and will make an appointment at the Bl-

Deaconess Medical Center.

PHYSICAL EXAMINATION: No change. Her weight is 223 pounds. Blood pressure 122/80, pulse 75

regular. Blood sugar this morning 121.
PLAN: Reuvisit in three months, continue medication.

<Y>, M.D.
Dictated By: <Y>

eScription document:1-5763294 UF
DD: 10/05/04

DT: 10/05/04
DV: 10/05/04"

Mostly unstructured data divided into
broad sections

Opportunity: Identification and tagging
using standardized concepts




Healthcare Data: Radiological Report

Exam Number: random number

Report Status: Final

Type: CT SCAN ABDOMEN W/O CONTRAST

Date/Time: date:time

Ordering Provider: TURCHIN, ALEXANDER M.D.

Report Below from Associated Order A07439985: CT SCAN PELVIS W/O CONTRAST

HISTORY: Please evaluate whether the right adrenal mass and the pancreatic
REPORT

HISTORY: 5 cm right adrenal mass. Pancreatic mass.

TECHNIQUE: CT scan of the abdomen and pelvis was performed following the

administration of oral contrast. Intravenous contrast was not administered.

PRIOR STUDIES: CT scan abdomen and pelvis dated <Date>.

FINDINGS:

LUNG BASES: Subsegmental atelectasis is seen in the right lung base and slight
atelectatic changes are noted in the left base. Small area of high
attenuating material is seen in the medial aspect of the right lower lobe
which may be related to prior aspiration. This finding is unchanged.

ABDOMEN: Evaluation of the solid abdominal viscera is limited without intravenous

contrast material. The liver, gallbladder, spleen, and left adrenal gland are
unremarkable. There is a 4.4 x 2.7 cm cystic mass in the pancreatic body,
essentially unchanged from the prior examination. The pancreatic duct is

normal in caliber.

PELVIS: Heavy vascular calcifications are seen in the abdominal
aorta and its major branches.

OSSEOUS STRUCTURES: Left hip enthesopathy is noted. There are no suspicious
Iytic or blastic lesions. Degenerative changes are seen throughout the
thoracolumbar spine.

IMPRESSION:

1. 4.6 x 2.9 cm cystic mass within the pancreatic body. Differential diagnostic
considerations include cystic neoplasms such as serous microcystic adenoma
or mucinous macrocystic adenoma. Further evaluation with an MRI examination
is recommended.

2. Stable right adrenal mass which may also be evaluated during the time of the

pancreatic MRI.
3. Several indeterminate left renal cystic lesions.
END OF IMPRESSION:
eScription document:5-7347531 ABBWH
RADIOLOGISTS:
SIGNATURES: GIRSHMAN, JEFFREY, MD(R)
MORTELE, KOENRAAD, MD(T)

Still primarily unstructured data.
However sections are more finely
defined (e.g., Findings — Lung Bases,
Abdomen, Osseous Structures, etc.)
and presence of “facts”, e.g., type of
report.

Opportunity:

Grounding of facts in standardized
Ontologies

Tagging of sections and fragments of
unstructured text using standardized
concepts




Healthcare Data:
Pathology Observations

Accession Number: randomnumber

Report Status: Final

Type: CytologySpecimen

Type: FINE NEEDLE ASPIRATION, Right THYROID
Procedure Date: date:time

Ordering Provider: BRIAN W KIM M.D.

CASE: randomnumber

PATIENT: patientname

Cytotechnologist: Janet A Cronin, CT(ASCP)
Pathologist: Xiaohua Qian, M.D., Ph.D.

FINE NEEDLE ASPIRATION, RIGHT THYROID
FINAL CYTOLOGIC INTERPRETATION
INTERPRETATION:

NO MALIGNANT CELLS IDENTIFIED.
DIAGNOSIS:

Benign-appearing follicular cells and colloid.
Cyst lining cells.

The findings are consistent with a benign thyroid nodule.
CLINICAL DATA

GROSS DESCRIPTION

50cc colorless.

MATERIALS

Total slides: 2

Very Structured in Nature
A collection of data items and
Some free text.

Opportunity:

Link “properties” and “values” to standardized
Namespaces and concepts

Tagging for fragments of unstructured text.

By his/her signature below, the senior physician certifies that he/shepersonally conducted a
microscopic examination of the described specimen(s) andrendered or confirmed the diagnosis (es)

related thereto.
Final Diagnosis by Xiaohua Qian M.D., Ph.D.,
Electronically signed on 4/25/2006




Healthcare Data:
Microbiology Observations

Specimen: randomnumber
Collected date:time
Received date:time
Ordering Provider:
Specimen Group: NOSE/NASOPHARYNX
Specimen Type: NARES FOR MRSA MRSA CULTURE
Reported: date:time
NO METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS ISOLATED

Mostly structured items

Opportunity: Link “properties” and values to standardized
namespaces and contexts.




Healthcare Data: Genetic Test Results

<?xml version="1.0" encoding="UTF-8"?>
<geneticTestOrder xmins="http://www.partners.org/genetics"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://www.partners.org/genetics geneticTestOrder_1_0.xsd">
<order>
<indicationCode code="DA-95200" codeSystemName="SNOMED" text="Sensorineural hearing
loss"/>
<indicationClassCode code="Constitutive" />
<testCategoryCode code="Diagnostic" />
</order>

<fulfillment>
<fulfillmentRecord referenceSystemld="PowerPath" recordid="BL-05-N00748" />
<testReference referenceSystemld="HPCGG GVAD" testld="35" testVersionld="3" />
<effectiveTime>20051025</effectiveTime>
<overallResult>Positive</overallResult>
<variants count="2">
<sequenceVariant>
<dnaChange level="Intragenic" type="Deletion">
<name>35delG</name>
</dnaChange>
<aminoAcidChange type="Frame Shift"/>
<variantReference referenceSystemld="HPCGG GVAD" variantld="45873" />
<genomicLocation>
<chromosome>13</chromosome>

<chromosomeRegion>13qg12</chromosomeRegion> ;
<gone> GIB2</goncs Mostly structured items

<geneRegion>Exon 1</geneRegion>

</genomicLocation> PR “ . ”
<interpretationCode code="Pathogenic" /> Opportunlty- Link propertles and values to

<allelicStateCode code="Homozygous™ /> standardized namespaces and contexts.

<significanceCode code="Non-incidental" />
</sequenceVariant>
</variants>
</fulfillment>
</geneticTestOrder>



Healthcare Data: Problem List

Select | Deskiop

FtChart: P

Active Problerns ¢21)

[nactive Profl

 addMew ||

Favorites || Fe-order Problems

Uy el e el e R e e el e e O O e R el

Problem Description

" HYPERCHOLESTEROLEMIA

COROMNARY ARTERY DISEASE

' THYROID NODULES
' ARTHRITIS

DERRESSION
Hx HYPERCALCEMLA
DERMATITIS
Hx HYPERURICEMIA,
Hx PYELOMERPHRITIS

L EEZZIBESS, SYP ENEE...

COLON POLYPS
BRE&ST CY3T

Tatal knee replacement
Meningioma
Hypertension

Breast cancer
Fulmonary embolizm

* Pancreatic mass
Hemoptysis

Dbesitw

Chronic renal dysfun...

Structured and in some
cases “coded” data

Opportunity: Link to
standardized ontologies
such as Snomed

Create complex definitions
of concepts




Healthcare Data: Medication List

I Active Meds (21) I Inactive Meds (31) | Active Mon-Meds (1) | Inactive Non-Meds (D) [ Discharge (14) J | All I Fractice | y ‘
fi [ AddNew | [ Favorites || [ Renew | [Discontinue] | [ Veriied | Pharmacy Info
Patient's Pa@rur|SeIec;1 Fayor... j
Allergies: IV Contrast - Anaphylaxis
SHacication special Instructions |>1*Pe"se [Rfl Date [IIE:tde Date
I— @ .ﬂ.lll:l[Jurir'll:ll .R}(' 100MG TABLET take 1 Tablet{c) PO BID 90 TABL... 3 121(13;['2 12]'«13‘,02
r' & Arimidex lnxl DA DI = el L P 90 Tahl... [3 |03/20/02 l03/20/02
- — | 81 MG (B1MG TABLET take 1) PO QD Tabl... | lo1/23/06 01/23/06
r ‘ G ini 0.75 MCG (0.25MCG CAPSULE take 3) PO QD o0 4ays |90 Caps..3 [n9f28/05 12}’2&.,-‘05509,*%}05
u] # * Calcitrol | |Po 04/21/05 l04/21/05
| '- @ Cozaar 'in el e il b e L 50 dave |20 Tabl.. 3 |03715/06 08/14/06/09/21/04
r @ Ecasa lay| 91 MG PO QD &0 3 |12/28/01 09/02/08
u] @ Kayexalate ini 15 GM (15G/60ML ORAL SUSP ML) PO QD 1 Mont.. |1 |02/16/06 jDE,flEufDEu
r @ Lasix Rx 80 MG (BOMG TABLET take 1) PO BID 20 due |50 Tabl 3 J01/17/05 DEflﬁnfUﬁ;llfD?;’lJl
r" @ Lipitor ikxi SOM3 TADLCEEC SR a0 days |20 Tabl.. 3 02/02/04 05/02/04/02/02/04
e @ Usinopri | | o me Po QD 50 3 |12/28/01 0572000
r !, e T — !Rx; 600 MG PO TID 50 3 |12/13/02 10/13/39
,—; B e mméhi 1 TAB SLx3 g5 |.T||n F-RN' chest pain T —— imn 3 |os/o2/oz 207124;’02

Structured data consisting of properties and values

Opportunity: Link to standardized drug classification ontologies
and definitions of normality and abnormality




Healthcare Data: Medication Orders

|Suluct |Da:a'klep | Pt Chart: Medications |0r-1cuiag!r | Custom | Reporis ]A.dmin |S:‘gn ‘ Results |‘>‘ | Resource | Popup |

Allergies

W Contrast - Anephylaxis

Basic |Variable | Aliemate|

i ALLOPURINOL 100MG TABLET
Sig: 1 Tablet{s) PO BID

Dose Strength & Form, Take Frequency i
o [100MG TABLET =] take |1 =] Tablen [Bi0 =]
P e [Tonmc TABLET taee 0% 2] O PRN: |_| ¥ Patient Educated
S0 MG OokiE TABLE Salf |w (B3 =
% Duration: | day(s) ™ No Substitutes
100 MG {00MG TABLET take 1 ¥ oD -
' L1o LET tiee 1 [ Dispensef30  [Tebletls) =] I Expire
O 150M | 300MG TABLET tae 0.5 ¥ QD . Refils [3 |
€ 200 MG | 100M& TABLET tae 2 ] an : Start Date T 12032002 |2 Orig. Date:
[ 300 MG | 300MG TABLET tae 1 ) op - T 1End Date: 120372002
Special Instructions
Comments (This will not print on prescription)
Addto [~ My T Practice Favorites as: ‘  RcPrintFax @ noRx
 History__| | Discartirue | | Link to Problems | 5 Ol | Renew | [ 0K & Sian | Cancel |

Structured and Composite Data containing multiple data items (properties, values)

Opportunity: Link to standardized information models and ontologies for interoperability
and decision support




Healthcare Data: Lab Orders

R AET
ViewOrders Ptl ookup Feedback Help Goodhye

OETEST.WILHEHINA 76F 16356792 Adm: 12722703 Roomn: 17A-501

COMMON LAB ORDERS
66 [KIA CBC $15 [H BUN 5 Anylase
$¥33 [KI1EB DIFF $17 [H (reatinine ‘ Lipase
$/3 [ 1C PT $16 [ K+ Brlirubin
$/0 [ 1D PIT $15 [ Glucose HCT
£33 [ 1E U/A + Sed £107( Blood Gas Urine C+5S
2250 1F Conp Metabolic{12)%35 Hagne<ium 3 Tupe+Hold

[
£1281 16 Basic Hetabolic(7)%17 % Calcium : BC u 7

$96 CKk +~ MB F'stick Glul}

<NEXT TEST STAT> NO

|U Other Lab Test Names (separated bv commas)
[
These labs will be drawn on times listed below.

T Collection Time: MEXT AVAILABLE

+17/ T01AL= ¥131

1 Instructions:

< 0Ok > {Cancel » <mlJ]lti1-day labs> D/C-Change> <Microbiology>
lvupe the letter of test vou wish to order. ITvpe the letter again to deselect.
Press Alt + red letter of the desired operation. Alt-0: accept. Esc:cancel

Structured and Composite Data containing process information

- Lab panel contains individual data items and panels.

- “Process” related information .. Perform a particular lab before another

Opportunity: Link to standardized ontologies and information models
Link to descriptions of guidelines and processes




The Healthcare Data Semantics
Continuum: Recap

Other Order
History, iyRes
Physical,
GIGETS el Pathology Laboratory
: Observations Complex Orders and
Genetic Objects with | Result
Test Results . J W eSults
Categorical/ Categorical/
Image + Taxonomic Taxonomic
Text Semi-structured Data Items Data Items
[  J @ @ @
Semi Text + data Data Items Complex Composite
Structured items Objects Objects with
Embedded
Radiological Microbiology Problem/Disease “process”
Reports Observations Observations
Medication Lists
and Orders
Unstructured Structured

Data Types

and Composite Data Types



Putting it all together!

Guided Data Interpretation Guided Observation Capture Guided Ordering

Fatient Demographics e
5 PARINERS. Smart Form, Next Gen

J SmartView || Graphs || Patient Yiew | 21| Mote - J Orders/Assessment/Plan | =
Mo Fiter M DM [T caD [T CHF HS 8| | u| $ [carry Forward... =] [Ternplate... =
¥ p
Proble add Mew o . B ® Hgdlcis too high £9.0 on 01/15/2005)
g:::;; g:i:lplalnt * Statement of Aszessment for each Trestment Goal
DM-.ReIated History of Present Iliness
ﬂ-i; Diabetes Mellitus Type 2 Q7052008 . =
] C.rceEmia
»|®cap 12/07 /2004 Hbalcis too high (9.0 on 01/ 1D%R00S, goal: HbAlc
ﬂ";‘"m OE/50/2001 [The patient is a 63 year-olq il REE H LG SRR RS SR E A O RS ENSRER | disc#c, Sl
Other ryocardial infarction, poor] ] ' fils doiffg well in
P her usual state of health ur Stable angina since last visitz T yes T no hagnoticed a [T @ start Metformin S00MG (S00MG Nab take 1)
ﬂ i CHF 01/14/2005 slowly progressive tightnes angina occurs b _I i d{scormnfort PO BID
as burning and occasionally with: IC 005 Ek =1 =p\nspiration . .
Medications Renew I add Mew l - or sitting forward, Her disce r omeYhat I @ Start Metformin FO...
centrally per her report. SHangina Class: IC oose.., = |stead I @ ¢ start Metformin,..
i i worsening along wi e o arnbulate .
S E PTG EC e th ! tﬁh the cf More Info b IS i [T @ start an Insulin
T more than across the room Inea. She :
[ @ Glisizide S MG (SMG TABLET take 1)PO 57052005 finks she may be having E el A ot sweats ¢ et s
T E e denies any palpitations as ] ) o
Aspl_rlnfnntlplatelet incidentally noted her legs | i PEERed BN I lcently her [T Discontinue Digaxin
@ Aspirin (SCETYLEALICYLIC ACIDY 650 MG urine output has been dimil ! she often
Q3032008 . - .
I (650MG TABLET tske 1) PO QD FRH — rnisses her insulin and does Exarton hat her sugars [ Order a test
ACE/ARB have beecll'n doling somuch B [ Orthopnea I [T Refer for teaching
@i B Past Medical History L
M SQUsmoprll 10 MG (10MG TABLET take 13 PO 0507 42005 1. Diabetes, type II, dia - Paroxysmal I [ Referto a specialist
Lipid-lowering 2. Hypertension, dia MNocturnal Dysprnea [ =chedule Follow-up
— 3. Chronic Kidne . . . .
- @ Zocor (SIMVASTATING 20 MG (20MG 06/07/2005 —A. Coronary grEry Diseast [~ I Pedal Edema I Lot I Print Patient Education Materials
TABLET take 1) PO QHS catheterigatfon done then s XIE ursued rather [T add Mew Medication
Beta-blockers G [T Palpitations I
erchalesteralemia ™ ndd new Order
Beazon no Rx... T .
oth thyroidism [~ Lighheadedness I
'ei:-T | 7. Nephrolithiasis Carmment:
] enol (ACETOMINOPHEMN 0 MG 07042005 ity oK
(32BMG CAPSULES take 2 PO ONH PRM pain urgical History _l |
‘@ Digoxin 0.25MG Tablet Q0. Dis & 30 ection, age 21
r Tablets, Refills: 3 R Eaeh Medications Treatment Geal Name
1. Aspirin, 325 mg daily for treatment of CAD
Allergies 2. Metoprolol 25 ma twice daily for HTN and CaD S T H TR e
3. Benazepril 40 mg daily for HTN and proteinuria
Diphospholipitrane Olecbipufone - Ttching a7/05/2005 461 ;\mlo:_idp_ine ;.DD mgtda_il\,r ?r'IH-I;’N SH Atr?tr":vastatin 20 rng daily for high chaolesterol ™ order1 ||
N - . Famotidine mg twice daily for heartburn
ANENGLORRranchaspssmioriiheezing L0z 2000 7. Nitroglycerine 0.3mq tabs to be used prn chest pain [T orderz
METFORMIN - Rash 0171472005 8. Synthroid 175 mcg a day for hypothyroidism 9, Tylenol 650 mg 2-3 times a day for back pain [T add New Medication
10. Insulin regular: 35 units with reals and NPH 35 units at bedtime for diabetes _
Add Mew Allergies [T add Mew Order
Sulfa drugs cause a rash and penicillins cause hives.
1/23/2006 9/23/2004 6/22/2004 3721/ Family History .
BEP _ The patient's mother died frorm post-parturm bleeding after delivery of the patient's youngest Carrent:
(=130/85) I:I 120480 130/80 125/ sibling. Her father was a smoker and developed lung cancer having died at age 72, 2 brothers I
Weight 185 184 178 180 and 3 sisters hawe Diabetes and hypertension. Her one older brother has had multiple MIs and is
Height L L L on d_ial\,rsi_s for renal failure. She has 3 children all alive and well, Treaimiar: Eosl Hemme
I 5'10 5'10 5'10 vISl:u:laI History vI vI
L= P I NPV [P [RPSN U ¥ =S [P -y i SO [ SRR ¥ - T - - Ll e ke maAT F=] T B, Tratarmant of Accaccrmant fraculd datad
vt vl

—— e



Opportunities for Semantics In
HealthCare

Enhanced interoperability via:

— Semantic Tagging

— Grounding of concepts in Standardized Vocabularies
— Complex Definitions

Semantics-based Observation Capture

Semantics-based Clinical Decision Suppport

— Guided Data Interpretation
— Guided Ordering

Semantics-based Knowledge Management



Data Semantics in the Life Sciences

Pathways,
Biomarkers
Publications
Gene expression Complex Systems
Publications + data Objects with | Biolooy
| Categorical/ Categorical/
Image + Taxonomic Taxonomic
Text Data Items Data Items Data Items
@ @ @ ®
Text Text + data Data Items Complex Composite
items Objects Objects with
Embedded
(11 2
Histology Profiling genomics Clinical Findings process

Clinical trials




Pharma Data: Losing Connectedness
in Tables

Fast Uptake and ease of use,
but loose binding to entities and terms

Sample_Tiesue_ Sample_General FPat CASPZ THFRS @

5

6 BREAST b Ll HANT 0272620634 0138315553 072021004

T BREAST HOFR AL 0127530378 0049361223 0.049566081

E COLOM b Ll HANT 0049 FSEETE 0025732 0924752
[ 4 COLON HOR AL 052073618 02025134 0.0549543555

10 [ IIDHEY b Ll HANT -0.057F32a44 0130794 0.095563565
[ 11 KIDHEY HOFR AL -0L053FIZERE -0 1209417 -0.024562 7441

12 LIWER b LlGHANT -0.31952625  -0.3550275 -0 AHS1ETTS

* Querying Databases is not sufficient

« Data needs to include the Context of Local Scientists

« Concepts and Vocabulary need to be associated
Information < Knowledge



Pharma Data

d
y
A
1.1067 mm—  +
‘ v
g 'y
£ 0.6465 mm
@
3 -
o 1
> X
5.2820 mm

<spot>
<spot_num>2</spot_num>
<coord_x>5.2820</coord_x>
<coord_y>9.5487</coord_y>
<dia_x>1.1067</dia_x>
<dia_y>0.6465</dia_y>
</spot=

<spot>
<spot_label>2</spot_label>
<spot_location>
<gpot_position x="5.2820"
y="9.5487"/>
<spot_area width="1.1067"
height="0.6465"
type="ellipse"/>
</spot_location>
</spot>

(Wang, Gorlitsky & Almedia, Nature, Sep. 2005)

Annotated Gel
Markup Language

(AGML)

Human Proteome
Markup Language

(HUP-ML)



Pharma Data: Lack of Semantics

Spot
spot_num coord_X coord_y dia_x dia_y
=2 = 5.2820 = 9.5478 = 1.1067 = (0.6465
prevmsmsmsmsases SHAPE mersssserssenas
| Spot |
unigue 1D y-axis radius ;
center's x position Xx-axis radius :
canter's i position
I
2 5.2820 9.5478 1.1067 0.6465
X position ¥ position X I‘El;diLJS ¥ I'Ei:ZliL.IS
Point Ellipse

(Wang, Gorlitsky & Almedia, Nature, Sep. 2005)

Missing description of
semantic relationships
between nested holders
— required to invoke
appropriate algorithms
(shown as dotted lines
in diagram b).

This is essentially a
communication problem
between the information

and the application of
information.



Pharma Data: Opportunities for Semantics

rdf:type rdf:typ rdf:type

@ cce:shape=p- cce:center—p-
[ ]
[ ]

. cce X-radius cce:x-position
sup:fromGel -

E ccey- rad1u5 cce:y—pusnmn
i‘""j"“".‘ ¥
i geld 1.1067 0.6465 5.2820 9.5478

As a graph, the RDF model is oblivious to both syntax and

semantics, but can be serialized into XML or N3 (N Triples).
(Wang, Gorlitsky & Almedia, Nature, Sep. 2005)



Predictiveness

* Knowledge of Target Mechanisms
» Knowledge of Toxicity
» Knowledge of Patient-Drug Profiles



The Knowledge Semantics Continuum

BioPAX

Medication Lists | E=E TAMBIS
DDI Lists hEGE

Thesauri: ormal is-a
BT/NT, i
Parent/Child, ( fggg:iis) Disjointness,
Infi 1 Is-A
Catalog HIOHHAT ™ DB Schema F(S) Ontylog CYC
—= 7 ® ® >~ ® ®
crms Ferer Vdlue IEEE SUO
glossary rorma Resthicti General
instances estiction Lot
MeSH, constraints
Gene Ontology, Snomed

UMLS Meta

Ontology Dimensions based on McGuinness and Finin



Knowledge Brokering: Life Sciences

Drug target
ontology

Chemical
entity

Disease
Polymorphisms

Protein

Extant ontologies

Under development

T Bridge concept




Knowledge Brokering:
Clinical Research

Disease
Descriptions

ag # - -
> A® -

Mechanisms

Extant ontologies

T Bridge concept




Knowledge Brokering:
Clinical Practice

Procedures

Drugs and
Medications

Disease

Procedures Diagnoses

Observations Labs ’W‘
7

Procedures, Extant ontologies
Medication
Administrations ! Bridge concept




Opportunities for Semantics:
Health Care

Data: 3000 Ambulatory Notes for Ortho Practice

NLP techniques + mining

A 4

Knowledge: Back Pain associated with:
X History of Present lliness
X Review of Systems
Elicited or Inferred > X Physical Exam findings
Clinician Preference X Assessment possibilities
X Diagnostic Test Possibilities (e.g., MRI)
X Initial Therapy Possibilities

y

A 4

Rule/Policy: If Pain is > 6 weeks
And focal neuro findings,
May/Should Perform MRI

MRI is ordered only if clinical and admin/policy conditions are met!



Opportunities for Semantics:
Biomedical/Clinical Research

Hypothesis Exploration based on Semantic Reasoning

Fact: CML is caused by tyrosine kinase secreted by fused ABL-BCR gene
Fact: Gleevec inhibits tyrosine kinase
Inference: Gleevec may reverse CML

Learning Clinical Guidelines based on Semantic Reasoning + Data Mining

Fact: Confusion correlates with increased risk of Falls in age>65

Fact: Sedatives/Hypnotics increase risk of confusion even in appropriate doses for
elderly

Rule/Knowledge: If patient>65 on sedatives/hypnotics, institute falls precautions protocol



Opportunities for Semantics:
Clinical Practice

Clear definitions of Decision Support Categories

IF patient has Diabetes and Renal Disease
AND no contraindication to ACEi or ARB
THEN prescribe ACEi or ARB

Define “Contraindication to ACEi or ARB”
— Allergy to ACEi or ARB
— Cough symptom on adverse reaction list
— Hyperkalemia on problem list or high K test result

— Pregnancy (Needs further definition)
« Could lead to complex and nested definitions
» Post-coordinated approaches

— Patient refuses or failed the drug
— New Molecular diagnostic test



Outline

The Bench < Bedside Vision

Role of Data, Knowledge and Semantics in the HCLS
Ecosystem

Functional Requirements &
— Metadata-based Semantic Annotation

— Recombinant Data: Information Aggregation and Integration
— Ontology-driven Decision Support

— Knowledge Update and Maintenance

Conclusions



Functional Requirements
Use Cases ]

Metadata-based Semantic Annotation

Recombinant Data: Information Integration and Aggregation
— Discovery Decision Support

Ontology-driven Decision Support

Knowledge Update and Maintenance



Use Case: Personalized Medicine

Dr. Genomus Meets Basketball Player who fainted at Practice

 Clinical exam reveals
abnormal heart sounds

* Family History: Father with

» Structured Physical Exam

sudden death at 40, ——  Structured Family History
e 2 younger brothers /

apparently normal
« Ultrasound ordered based

o Imaging Study
on clinical exam reveals » Reports with

. Metadata Annotations
cardiomyopathy




Use Case: Actionable Decision Support

| LMR Smart Form - Microsoft Internet Explorer provided by Partners HealthCare System o |E’|£|

J File Edit Yew Favorites Tools Help |
| &Back - = - @D 24 | @ search ”|JAt_JdressI@http:uis.partners.nrg;prntntype;dtaylnr;marchdmsﬂ’smartw.htm \
| Google - | =|| Epsearchwen - | §) | Ehiroblocked Eauioril | Roptions y \
J Y_r - _é’v| j[ Search Web |v|v @v | QB' Bookmarks @My\"ahoo! - %hoo! ~ Ul Finance - wail &7 News - @ shopping = %7 Entertainment - %‘Travel - ﬁﬁCalendar - ¥

LMR Smart Form

Patient: GUBERMATH, JAMETTA DOB: 08/25/1947
MRM: 0000001 (MGH) Sex: F

ﬂ H (5 Carry forward

Conditions to include:

W om [T cap [T ARI

Age: 58
Tel: (H) 617-555-1212

Orders [/ Assessment / Plan

.

note content From:l Mozt recent note 3/18/05

m T A w A1Chigh (8.1 on 12/20/04)
a Eesults
mLDLhigh (112 on 12/20/04)
Total chol high (210 1z/20/04
m Order 12/20/04 11/10/04 9/14/04 6/4/03 =l ol high (210 on 12/20/04)
Glucose mualb/troverdue (Last 11/9/03)
m (rnafdL) r 173 183 143 m Foot exam overdue (Laszt 4/14/03)
AlLC
2.1 8.2 - 8.3 m Eye exam overdue (Last 10/6/03)
TR " m Need current BEP
Total chol
HM (<200 mag/dL) r 210 ) 240 190 u BMI high (34.0 today)
- E|>D4L5 rngfdL) O 59 - 60 53 m Home glucose ing not doc:
FMHx
I(_E:II._DD mafdL) O 112 o 115 118
Trig _ Al high (8.1 on 12/20/04)
m (<200 mg/dL) O 125 125 125
SGOT
m (U/L) O 10 7 - - ‘Adjust glycernic therapy
BUN
ﬂ (L) O 12 11 - - 7 Referto cDE
Cr 5 s [T Have patient report AM FBG after first 3-5 days
E {rg/dL) O 1.2 1.1 P P Y
- ualb /Cr ratio o - _ _ _ [T patient ed: What is insulin?
Labs (rng Aldfg Cr)
[T patient ed: Giving an insulin injection
Prew
ASP

¥

=

Previous Assessment/Plan
. . =l Cancel Complete

Echo triggers guidance to screen for possible mutations:
- MYH7, MYBPC3, TNN2, TNNI3, TPM1, ACTC, MYL2, MYL3

L[ Bt
BEIW LD L RE DL e

| #)s.| sar. | sam| sae.| B2l | Bl | €3s.| 54| nar.| O (G |[& L.




Use Case:
Connecting Genotypic and Phenotypic Data

Connecting Dx, Rx, Outcomes and Prognosis Data to Genotypic

Data for Cardiomyopathy

person concept date raw value
Z5937X |Svncope 3/4

Z5937X ER ViS.it 3/4 microarray ||
Z5937X |Palpitations| 3/4 || (encrypted)
75937X |Gene-Chipg 3/4

Z5937X | Echocardio| 4/6

Z5956X |Gene-Chipg 5/2

Z5956X | Cardiomyop  5/2 || microarray |
Z75956X | Atrial Fib. 5/2 || (encrypted)
Z5956X |[Echocardio| 95/2

Z5956X |EKG 3/9

Z5956X |Cardiac Arr| 3/9

Z5956X |ER Visit 3/9

Z5956X | Thalamus 3/9

Gene expression in HCM Test Results
N :

Myectomy
Atrial Arrhythymi

ER visits

Clinic visits
Ventricular Arrhy
ICD
ong. Heart Failure

population
registry

database

statistics

application
server

ownership
manager

encryption



Use Case: Drug Discovery

ApoA1 ...
.. iIs produced by
.. is expressed less in
.. is correlated with
.. is cited regarding
.. has Tx Reg elements like



Functional Requirements

Use Cases

Metadata-based Semantic Annotation [

Recombinant Data: Information Integration and Aggregation
— Discovery Decision Support

Ontology-driven Decision Support

Knowledge Update and Maintenance



The first step of any biomedical activity
(research, practice, knowledge gathering)
should be on the computer!



Metadata-based Semantic Annotations:
Connotea

Connotea: Bookmarks with search terms cox-2 and inhibitors - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help ﬁ"
@Back @ \_) @ @ <h pSearch ﬁ;n?Favorites @ Bv .{_; IE—I < |_J ﬂ
: Address @ htkp: ffwaeny, connotea, org) sear chrg=cox-2+inhibitors V| Go : Links bt
GDOng - |C0nn0tea'l, vl |G| Search ~ ) ﬁ F@"‘ gl 7524 blocked 'f Check = %::K Autolink = AutaFil E Options &% @ Connaotea

1\ logged in as vipul_kashyap =
¢ Connotea Search iy Library | Registration

Home | Latest News | About This Site | Site Guide | FAQ | Community Pages | Popular Links | Recent Activity | Contact Us

Tags used on these Bookmarks with search terms cox-2 and inhibitors E
bookmarks: Mote: Your search termn matches the plobal tag COX-2 inhibitors,
therapy Mumber of bookmarks per page! 10 | | |

Medical Sciences

Pharmacology Lopy

con-2 inhibitars Replication-selective virotherapy for cancer: Biological principles, risk managerment and future directions {info} B

i David Kirn, Robert Martuza, and James Zwiebel T
wiral

Mat Med F (7), F1-7 (Jul 2001)

fiqure doi:10.1038 /89901

Pregnancy Posted by madhu to virotherapy on Mon Jan 30 2006 at 15:23 UTC
HIY

twork
networ o

CoH inhibit P . . .
e CiOx-2 inhibitors and metabolism of essential fatty acids. (info)

Arnino Acids - Protei.. Undurti M Das
Sonya's Databaze Que... Mead Sof Mondt 11 (7), RAZ33-7 (Jul 20058)

rheur atoid arthritis PMID: 15990700

marnmalian protein ki UTe
Us o

oligohydrarmnios
Gene Bank -Genormics ... Lopy

Drug resistance Is the use of COX-2 inhibitors in gastroenteralogy cost-effective? (info)
Cravid Graham and Francis KL Chan

Mat Clin Fract Gastroenterol Hepatol 1 (2), 60-1 (Dec 2004)

active rheurnatoid ar..

immunology doi:10.1038/ncpgasthep0043
rnolecular research Fosted by NatureClinicalPractice to ulcers therapy on Thu Dec 08 2005 at 15:08 UTC
fetusz
Capsid Proteins
copy

Z —uactor = . . . .
i —— Genome Biology | Full text | Attacking pathogens through their hosts {info)

Economics and or T | Genome Biokogy 7 (1), 201 (2006)
Ecological Sciences doi:10.1186 /gb-2006-7-1-201
ulcers
2005

Diagnaosiz and screen...

rayian



Metadata-based Semantic Annotations:
Clinical E-Science Framework

ROYAL MARSDEN NHS TRUST - PATIENT CASE NOTE
S MRS S E HHHR S

15 Dec General Surgical
1993

I reviewed this patient in clinic today. She has
been followed up for a left breast carcinoma for
which she was treated with a mastectomy. She had
a prosthesis removed last year and has had some

improvement in the symptoms of ..

discomfort since then ..

Intervention
name: “mastectomy”

Information
Extraction

indication

site

patient locus

Locus
name: “breast”
laterality: “left”

Person
1d: 645763

patient

Consult
purpose: “follow-up”

problem_locus

Problem
pathology: “carcinoma”
present/absent: present




Metadata-based Semantic Annotations
HubMed

i HubMed: cox-2 inhibitors - Microsoft Internet Explorer

File Edit “iew Favorites Tools  Help ..ﬂ.
F = F et . ” = ) - B y
Q- © M@ G PO oo @ (-0 #@ - [JE
i Address @ htkp: f P, hubmed, orgfsearch, cgi?g=cox-Z+inhibitorsgsork=relevance vl Go ¢ Links 22
5 le ~ v | (G| search ~ 3 FRgeHAnk 753G blocked  *® cCheck ~ Y& Autolink o+ | Auiofl Options
L] — b d ~ )

Search: cox-2 inhibitors + .. - Results 1-20 of 3293

1Al [ Display Checked Abstracts J [ Show Extracts ] sort by: datesrelevance |D V| Mext 20

01 Cox-2 inhibitors. =
Brown E
Physician Exec. 1999 Jan-Feh | 25(1) 74-6

Abstract FullText « SFx Clip Export Related Cites + Tag

| tags (space-separated)

annotation
Oz COX-2 inhibitors.
Erooks Pk, Day RO
Med JAust 2000 Oct 16; 173(8) 432-6
Abstract FullText . SFx Clip Export Related Cites « Tag
O3 COX-2 inhibitors.
Backer RC
Tex Heart Inst J. 2005, 32(3) 380-2
Abstract FullText « SFx Clip Export Related Cites « Tag -« Review
04 COX-2 inhibitors.
Hanwikey CJ
Lancet. 1999 Jan 23, 353(9149). 207-14
Abstract FullText - SFx Clip Export Related Cites - Tag

O5 4,5-Diaryloxazole inhibitors of cyclooxygenase-2 (COX-2).
Talley JJ, Bertenshaw SR, Brown DL, Carter JS, Graneto MJ, Koboldt Ch, Masferrer JL, Morman BH, Rogier DJ, Dwwifel BES, Seibert K
MMed Res Rev. 1999 May . 19{3) 199-208
@ htkp: f P, hubmed. orgftags fedit/ 10367277 & Internet

€




Metadata-based Semantic Annotations:
HubMed

ubMed Tag Storage: demo - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help ﬂ"
—— = = ) = = —
Q- ©- 8 B % P Frrowre @ 2- % @ - JH
: Acddress | ] hitpfww. hubmed. orgitagsfusers/dema v Bl itnks ?
i Google - | v| |G search ~ @ @b PaseRenk Booagblocked | ASF check ~ PR Autolink ~ [ options
~
HUBMED TAGS (BETAl)
Rat CD&+ FOXP3+ T suppressor cells mediate tolerance to allogeneic heart transplants, inducing PIR-B in APC and rendering the graft invulnerable to hame
rejection, 2004 search
demat pir-b login
register
tag cloud
Tolerization of dendritic cells by T(S] cells: the crucial role of inhibitory receptors ILT3 and ILT4, 2002 recommendations
demo iltg ~hubmed
Generation and function of antigen-specific suppressor and regulatory T cells.
demo:
ilt4 specificity treg
thanipulation of imrune regulation in systemic lupus erythematosus, 2005
dema: test
Induction of allopeptide-specific hurman CD4+CD25+ regulatory T cells ex viva, 2003
demo: test
Targeted CTLA-4 engagement induces CD4+CD25+CTLA-4high T regulatory cells with target {allo)antigen specificity. 2004
demo: test
The role of TCR specificity in naturally arising C0D25+ CD4+ regulatory T cell biology. 2005
demo: test
CD4+ regulatory T cell responses induced by T cell vaccination in patients with multiple sclerosis, 2o0s
dema: test N
Identification of a CO4+C025+ T cell subset cormmitted in vivo to suppress antigen-specific T cell responses without additional stimulation, 2004
dema: £d134 treg
A

@ 0 Internet




Metadata-based Semantic Annotations:
Active Semantic EMR

<2 AHC Acct Mo: 222222 - Microsoft Internet Explorer,

File Edit  Wiew Favorites  Tools  Help 5

@Back - ) - [¥] @ » ) search 57 Favorites £ - B i3

Address | @ C:lezdfinal xml k'S .Go Links

Referred doctor from A
Athens Heart Center . 30606 Phone: 706-208-3700 Fax: 706-205-0506
Shyam "Sham" Prabhakar Practice Ontology Visit on 07/29/2005
“ 333Dogs Drive, Apt 604, ATHENS, GA 30606

SSN: 222222222 MR #: 222222 Sex: M DOB: 05/07/1970 Age: 33

Office Visit Note - Complete History & Physical

Other Physicians: David Almand MD[E  Timothy GihsonM.DJE  Alfredo Alarcon, B
Emergency Medicine Family Practice [404) 256-5212
(770) 822-3023 705-227-2027

Problem List:
3. Backache unspecifiedE
4. Hyperchalesterolemiz E

5. ChestPainlE
A Hypertension|B ICD9 codes from ——
B. Shortness of Breath. D1agr1051s Procedure cXica
6. Dilated cardiomyopathy gthghig .
7. Abnarmal ECG Ontology annotation

8. Acute Glomerulonephritis with other specified Pathological Lesion in KidneylE
10. Something
11. Chest PainE

Chief Complaint: Follow up of abdominal aortic aneurysm, angina, aoric stenosis, aortic valve replacernent, dental clearance, and atrial fibrillation status post abnormal stress test. Cardiac
clearance for aneurysm removyal Follow up of recent hospitalization at BJC - Commerce for atrial fiarillation.

History of Present lliness: Mr. Prabhakar is a 35 year old patient of Dr David Almand, Dr Timothy Gibson, and Dr Alfredo Alarcon He was admitted ta Ty Cobb Memarial by Dr. Alfredo Alarcon
for hradycardia. He was found to have complete heart hlock. He was treated with mitral walve replacement. And he did not respond well. The patient was then transferred to Emory. He was
admitted to Emory by Dr. Timathy Gibson for angina. He was found ta have atrial fibrillation and cormplete heart block. He was treated with cholecystectomy and he responded well. The patient
was then transferred to St. Mary's Hospital He is here taday for follow up management of archythmia, atrial fibrillation, and IC0 function. Since his last visit new problems have developed. He is
taking his medications as prescribed. There appear to he possibly some side effects related to the medications. Owverall, he believes that his arrhythmia, atrial fibrillation, and ICD function is
poorly contralled. He is here today for follow up management of cardiomegaly and coranary artery disease. Since his last visit no new problems have developed. He is taking his medications as
prescriked. There appear to be possibly some side effects related to the medications. Cverall, he helieves that his cardiomegaly and coronary artery disease is stahle The chest pain is
associated with itchy. He reports that his chest pain is aggravated by bending. The chest pain is relieved by helching. The patient reports this marning with her spell. Dizziness is associated
with palpitations. He states that this symptom is aggravated by activity, bending, and high blood pressure. The dizziness is relieved by sitting down He states that the palpitations are aggravated
bty position changes.

[ Currant Madisatinne I Madiratinne Afrar Wieir
&] Done § My Computer




Metadata-based Semantic Annotations:
Active Semantic EMR

) AHC Acct No: 222222 - Microsoft Internet Explorer,

File Edit ‘iew Favorites Tools  Help

Formulation Recommendation

Qbxk - O - [H R o D search <7 Favorites 2 - B i 3 .
Address |@ Cilexifinal xml USlﬁg Iﬁsurance OﬂtOlOgy
Current Medications Medicatiol e
Intrapin injectiondOmodml 1 inj gd 1 E Intrapin injectiond0mgfml, 1 inj gd | E
Tasmar tablets200ma,1 tab qd | E Adwvil100mgiaml, 1 suspgd F E
Tasmar tablets200mg,1 tab gd | E
Tylenol extended releas="Zumg,1 tabergd AF E
Pharmacy: Carson's ~~hone: T06-784-4128
Cammerce Drug Company Phaone: 706-335-3111
Allergies: AMPICILLIN WP DYE,PENICILLIN TYLENOL Drug Interaction usmg
Past Medical History: o' past tfralima. Drug Ontology
Family History: Mr. Prabhakar has a positive family history of coronary artery disease The patient's crape is deceased. Drug
Psychosocial: Mr. Prabhakar resides in a apartment home. He is lives with her daughter to hikkl. He has excellent social support. Aﬂergy
Life History:
Review of
Systems:
General Patient reports daily chills associated with chest pain. These symptoms have not been worked up by his primary care physician Patient reports recent unintentional weight

gain. This problem has not been worked up by his primary care physician lerrarllPatient reports recent onset of severe trouble falling asleep. This problem has been working
up by his primary care physician.

HEENT The patient reports migraing headache.

Genitourinary  Fatient denies dysuria Patient complains of recent anset of hematuria Patient complains of ERronic presence of hesitancy FPatient denies dribbling.Patient complains of recent
onset of hurning with urination.

Hematologic Patient reports histary of blood transfusion as a result of @anemia. Patient reports he did experience a transfusion reaction.

Skin Patient reports frequent of mild pruritis associated with weakness. This problem has been worked up by the patient's dermatologist. Patient reports a walnut-sized keratosis
that is located over the entire bodsy.
Psychiatric Patient admits to a history of panic attacks that is currently managed by common mental health. His symptoms are felt to he hot under contral.

Vital Signs: Height: 170 Weight: 280 lhs BP: 120/80 Pulze: 80 Respirations: 20

Physical Examination:
General The patient appears the stated age.

@ Done d Iy Computer




Metadata-based Semantic Annotations:
Active Semantic EMR

-2l AHC Acct No: 227222 - Microsoft Internet Explorer,

Fle Edt Wiew Faverites Tadls Help EXPIOIQ . D rug T&l&ﬂfﬂf‘ w

) Back - ERE] o D search <7 Favorites £ - B B 3
Address |@ Ciilezxifinal eml k Links **
Current Medications s After Visit —
Intropin injectiond40mgdml,1 inj gd | E Intropin injectiond0mgdml, 1 inj qd\\/
Tasmar tablets200mg,1 tab qd | E Advil100ma/eml1 suspgd F E
Tasmar tablets200mg, 1 tab gd | E
Tylenol extended releaseBs0mg, 1 tabergd AF E
Pharmacy: Carson's FPhone: 70B-754-4128
Commerce Drug Company FPhone: 706-335-3111

Allergies: AMPICILLIN WP DvE FPERMICILLIM TLEMOL

Past Medical History: Mo past trauma.

Family History: hMr. Prabhakar has a positive family history of coronary artery disease The patient's crap2 is deceased.

Psychosocial: Mr. Prabhakar resides in a2 apartment home. He is lives with her daughter to hkkl. He has excellent social support.

Life History:

Review of

Systems:

General Fatient reports daily chills associated with ghest pain. These symptoms have not been worked up by his primary care physician.Patient reports recent unintentional weight
gain. This problem has not been warked up by his primary care physician. lerrorlPatient reports recent onset of severe trouble falling asleep. This problem has been woarking
up by his primary care physician.

HEENT The patient reports migraing headache.

Genitourinary Patient denies dysuria Patient complains of Fecent onset of hematuria Patient complains of ghronic presence of hesitancy . Patient denies dribbling.Patient complains of recent
onset of burning with urination.

Hematologic Patient reports history of blood transfusion as a result of anemia. Patient reports he did experience a transfusion reaction.

Skin Patient reports frequent of mild pruritis associated with weakness. This problem has been worked up by the patient's dermatologist. Fatient reports a walnut-s1zed keratosis
thatis located over the entire bodly .

Psychiatric Fatient admits to a history of panic attacks that is currently managed by commaon mental health. His syrmptoms are felt to be not under control.

Vital Signs: Height: 170 Weight: 280 |bs BP: 120/80 Pulse: 80 Respirations: 20

Physical Examination:

General The patient appears the stated age.

-
@ Cone 'J My Compuker




Metadata-based Semantic Annotations:
Active Semantic EMR

w RSB EHdUWEERLSET

Query View - DrugOnt_test_alt

#comt_inhibitors

#antiparkinsonian_agents
Wassification Tol
f il $fomulary_1498

‘nwmlugicafagenls

belongs to gron,

classification Zf{aﬂd / generic
ongs to group ' T
5 : Froi 3
interaction STasmar

@interaction_with_cpnum_group_?%6_1

#interaction_with_cpn L group_2118

Semantic browsing and querying-- perform

4 cpnum_group_206

decision support (how many patients are

using this class of drug, ...)

-~
Modes of Interest Arcs of Interest Meighbours Results
i Use Selected rhone selected) Restrict Arc Types ShO\{v Neighbours
@) Search By MName equivalent to Arc Direction
Marme: |cpnumjrnup_21 16 | has instance ) Outgoing and Incoming Arcs

has subclass L] Outgoing Arcs
has_brandname_equivalent ) Incoming Arcs
hasz_brandname_eguivalent (Domain=Range)
has_brandname_sguivalent (Necessary and Sufficient])
has_brandname_equivalent (Necessary)
has_brandname_prescription_drug
has_brandname_prescription_drug (Domain=Range)
haz_brandname_prescription_drug (Mecessary and Sufficient)
[l RS S has_brandnarme_prescription_drug (Mecessary)

ROFS Class
has_cpnum_group —
Restriction o - Query

[[] case sensitive

(] regular expression
Restrict Node Types
Defined Class
Ernumeration
Inelisiciuzl
Logical Operation

Restrict Levels
# Levels: |2




Functional Requirements

Use Cases
Metadata-based Semantic Annotation

Recombinant Data: Information Integration and Aggregation
— Discovery Decision Support

Ontology-driven Decision Support

Knowledge Update and Maintenance




Information Integration: Ontology

=l

EEIT—— oL ontologies that blend knowledge

drEledaosnva s anxs9) from the Clinical and Genomic Domains
 Aria -ipt - | B 7 U | =[] A - & _ _

BIOTT.vsd

] [

Construct Browser O

. -mmm = 5] IS
I | Infemed data Get Inferred Data E a T - “ “ “
sub Proparty... diffieres £

equivalent

Fesubmit

Diagramsz Objects F'n:upertiesl D atatypes

-# [Objects

Bl i Thing »
----- El Disease
----- % FamiluHiztomy
----- Gene . .
----- [ Mutation Clinical Knowledge

- =- ] Persan TSD
----- -] Stuctured_Image_FReport [ Structured_Image_Report |

- E Structured_Test_Result \'“"‘—'—-—has_structurad_imaga_rspnrt subClassOf

e

subClassOf

—
Patient associated _relative

Default Hamezpace: | Structured_Test_ Result }-l—has_stmmured_test_rasul
| Set

shows__mutaticn

Attribute Editor O = family_hi FamilyHistory
suffers_from
subClassOf
[Mutation |—has_mutatio

|dentrﬁes mutation

Figure reprinted Wlth = | Mulm:uIar_Diagnoﬁtic_Test_ResuIts G . 1 d
. . indicates_di C
permission from enomic Knowledg

Cerebra, Inc. 4 » M| ConceptHierarchy £ Cor'bcepﬁl <| |

Page 1/2



Information Integration: Architecture

Domain Ontologies
-.___for Translational Medicine Research

""""" Instantiation

Merged RDF Graph
: Use of RDF graphs that instantiate

/, / \ / these ontologies:
: : -- Rules/semantics-based integration

RDF Graph 1 RDF Graph 2 independent of location, method of access

or underlying data structures!
- Highly configurable, minimize
software coding

RDF Wrapper RDF Wrapper

GIGPAD Study

RPDR



Bridging Clinical and Genomic Information

- “Patelrnal” L Patient
. | N R (id = URIN) 90%
. type | degree | : :
Ename : ......................... has_struictured_test_result
T i evidencel
Patient related_to Person :
(id =IURII)" _______________ (id = URI2) MolecularDiagnosticTestResult
: (id = URI4) \
has_fam:ily_histofy_% a’s’soéiated_relative identiﬁes_mutatio indiicates_disease
| //ﬁ"'puroblem — i /
FamilyHistory — “Qudden Death” MYH7 missense Ser532Pro Dialated/'r
(id=URZ) [N (4= URDS) Cardiomyopath
~EMRData | | | o UR¥6§) thy
LIMSData ........................ :
.................................................... evidenéez

Rule/Semantics-based Integration: '

- Match Nodes with same Ids 9%

- Create new links: IF a patient’s structured test result indicates a disease
THEN add a “suffers from link™ to that disease




Bridging Clinical and Genomic Information

90%
e\%idence
Dialated suffers from - N “Paternal” 1
Cardiomyopathy | |- Mr X ;
(id = URI®6) ) ; tvbe i
| iname y:p de:gree
indicata:%s_disease '
: has structured test result . related to
StructuredTestResult || ________________________l__] Ratlent I Rerson

identiﬁes_mutation

// 1, . X ]
| _~"has_family_history a’s’socwted_relatlve

MYH7 missense Ser532Pro /p‘qs,_gen’é : problem
(id = URI5) FamilyHistory | ___.--- “Sudden Death”
(id=URI3) [

RDF Graphs provide a semantics-rich substrate for
decision support. Can be exploited by SWRL Rules




Information Integration:
Biology Requirements

Papers Disease Proteins Genes

]

Retention

Policy * —  Assays
Audit < ——— »Compounds
Trail

L

Curation Tools Ontology Experiment



Information Integration: Drug Discovery

/o3
oject Haystack Run Window Help

Ve 0D Q- |4 % c - - B | [ Haystack >
5"|

e
GSK3beta Topic

Topic: GSK3beta Topic]

A 4

Disease: DiabetesT2

[
B Target overview 4l

Alt Dis: Alzheimers]
Target: GSK3beta
Cmpd: SB44121
E Group members B Primary disease
Title role Department E-mail Type 2 Diabetes
¥ John Tegler Medicinal Chemist ~ Chemistry john. tegle #1 25853 -f‘.l
. 7 Steve Smith  Synthetic Chemist ~ Chemistry steve.smil #129893 Links (=)
Team: GSK3 Team] e Meleais Mt Chamarmatis. tm rom DIABETES MELLITUS, NONINSULIN-
DEPENDENT; NIDDM
B Alternative diseases Alternative titles; symbols
Alzheimer's disease Edit =
DIABETES MELLITUS, TYPE Il
NONINSULIN-DEPENDENT DIABETES
MELLITUS
MATURITY-ONSET DIABETES
INSULIN RESISTANCE, SUSCEPTIBILITY
TO, INCLUDED
'; Path T Gene map locus 20q12-q13.1. 20q12-ql13.1. v
< i " BN =

) A—— >




Bridging Chemistry and Molecular
Biology

Semantic Lenses: Different Views of the same

data

B Target overview

ﬂ (0):3% Che... (@) =N ﬂl’ﬂlﬂ
Target Model
N
N
N

urn:lsid:uniprot.org:uniprot:P4 984 1]

~N

BioPax

g Wint
L

Fz1d

EEEEEEEEEE

Componen’rs \ /

Apply Correspondence Rule:
if ?target.xref.Isid ==
then ?target.correspondsTo.?bpx:prot

?bpx:prot.xref.lsid

g Dishevelled




Bridging Chemistry and Molecular
Biology

‘Lenses can aggregate, accentuate,
or even analyze new result sets

- Behind the lens, the data can be

persistently stored as RDF-OWL g ©
B Target overview v /
EJ/’, Frizzled {;2 casein kinase 1

ﬂ @E.E.... @.ﬂ.... @z:H:... \
L J

% Dishevelled
2

ta ta targets targets targets
~ — ey © o ©| Gl o
—
- Correspondence does not need  ~ _ N\ /
to mean “same descriptive ¢ | =
object”, but may mean objects
with identical references St




Case Study: Drug Safety
‘Safety Lenses’

Lenses can ‘focus data in specific ways
- Hepatoxicity, genotoxicity, hERG, metabolites

Can be "wrapped” around statistical tools

Aggregate other papers and findings (knowledge) in context
with a particular project

Align animal studies with clinical results

Support special "Alert-channels” by regulators for each
different toxicity issue

Integrate JIT information on newly published mechanisms of
actions



Genelogic GeneExpress Data

- Additional relations
and aspects can be
defined additionally

Diseased
Tissue

Vi
‘ \ OVARY MALIGNANT

= All Properties

label: OWVARY MALIGNANT

normal form: OVARY NORMAL

OVARIAN CANCER, EPITHELIAL

omim:

RDF Type: Sample

Links to
OMIM (RDF)

LTmrms e S S T
v o
‘ Human GeneExpress Study
B Tissue Study
it araph . ;_Eégégégégg
2 8 3 3 8§ 2 &|:3|:

1eADD

CesPz

D

S

uCLl

B Tissue Study summary

Experimenter:
System:
Period:

Design:

Li Liu*, Douglas M. Hawkins, Sujoy Ghosh and
Human Malignant and Normal Tissues
11/2/01-5/4/03

Human Tissue Gene Expression Protocol 7.3

5. Stanley v.



Visual Studio 2005/.NET 2.0

Microsoft Patterns & Practices

Drug Discovery Architecture

“Plu ]@M&Mﬁwﬂ re”

< Semantic Integration
k! Discovery TAT — i
P SmartPart | | SmartPart SmartPart MESH
2 User Controlﬂ User Control User Contro be— ="
3 Gene Ontology
a .< NET Web | | .NET Web | NET Web } )
Q‘ Reference Reference Reference Reference |Ds
e ——
% Pathways
%. CAB Module Handling/Hosting -
S N CAB Event/State Handling
Common XML Schemas (XSD) |
WSDL | WSDL WSDL WSDL |
Web Service | Web Service Web Service Web Service |
P I P I i:: ] P I
Biology Chemistry Toxicology Database N
— R — R M —— R — R

\

T
Apache & Tomcat Web

SOAP::Lite & Axis

Perl CGl & Java
NET/IIS



Advantages of Semantics

RDF: Graph based data model

— More expressive than the tree based XML Schema Model

RDF: Reification

— Same piece of information can be given different values of belief by
different clinical genomic researchers

Potential for “Schema-less™ Data Integration
— Hypothesis driven approach to defining mapping rules
— Can define mapping rules on the fly

Incremental approach for Data Integration

— Ability to introduce new data sources into the mix incrementally at low
cost

Use of Ontology to disallow meaningless mapping rules?
— For e.g., mapping a gene to a protein...



Information Integration:
Two Approaches

 RDF Data Warehousing
— Data is stored in a centralized data repository
— Example: Oracle RDF Data Store

 RDF Wrappers/Interfaces
— The data remains in the source repository

— Create RDF Wrappers and Interfaces to expose and RDF
view over the repository

— Example: Jena RDF Engine and D2R Mapping Tool



Adapting RDBMS for RC

_T.I

RDF + OWL + HTTP + SPARQL

of objects

b
Ontologies

SparQL

service

A

[ I
Mapping

SQL
schema

Source: Tim Berners-Lee, Bio-IT World 2005



Adapting XML Schema to RDF

<HDF + OWL + HTTP + SF’AHC>

RDF
form of
data

Existing
XML

Source: Tim Berners-Lee, Bio-IT World 2005



Oracle RDF Data Store: Schema




Oracle RDF Data Store:
Hypothetical RDB to RDF Mappings

Employee Table
EmplD Name SitelD Role
110 S Hagan 1 Development
120 B Shimp 2 Marketing
130 K Bock 3 Sales
SQL Component URI relative to database

Table EMPLOYEE

Column EMPLOYEE. EMPID
Row with EMPID=110

NAME cell in that row

EMPLOYEE/schema#EMPLOYEE
EMPLOYEE/schema#empid
EMPLOYEE/rowBy/empid/110
EMPLOYEE/rowBy/empid/110#name



Oracle RDF Data Store:
SPARQL-like Query Capability

A table function allows a graph query to be embedded in a
SQL query

Searches for an arbitrary pattern against the RDF data

Includes inferencing, based on RDF, RDFS, and user-defined
rules

Automatically resolve multiple representations of the same
point in value space, e.g. 1 vs. 1.00



RDF Querying Problem

* Given
— RDF graphs: the data set to be searched
— Graph Pattern: containing a set of variables

* Find
— Matching Subgraphs
* Return

— Sets of variable bindings: where each set corresponds to a Matching
Subgraph



Family Data: (:John :brotherOf :Mary)
(:Mary :parentOf :Matt)

(:John :name “John”)
(:Mary :name “Mary”)
(:Matt :name “Matt”)

Graph Pattern: (names of Mary’s brothers)
(?x :brotherOf ?y)
(?y :name  “Mary”)
(?x :name 7n)

Variable Bindings:
x = :John, y = :Mary, n = “John”
Matching Subgraph:
(:John :brotherOf :Mary)
(:Mary :name “Mary”’)
(:John :name “John”)

:brotherOf

| :parentOf

‘-name|: .name

Matching Subgraph




RDF Querying Issues

Support specification of graph pattern-based SQL query

Occurrence of same variables in multiple triples of graph
pattern: Processing requires self-join

— e.g. (?x :brotherOf ?y)
(?y :name “Mary”)
(?x :name ?n)

Query processing (e.g for filter conditions, ORDER BY) requires
datatype-specific comparison semantics

Schema Triple: (:age rdfs:range xsd:int)
Graph Pattern: (?x :age ?a)

Filter Condition: a > 60

ORDER BY: a DESCENDING



RDF Querying Issues: Inference

* Query processing may involve Inferencing

« Example:

Data: (:Jim :brotherOf :John) (:John :fatherOf :Mary)
Graph Pattern:(?x :uncleOf ?y)
Result: Empty

Rule:
(?x :brotherOf ?y) (?y :fatherOf ?2z)
= (?x :uncleOf ?z)
Inferred data: (:Jim :uncleOf :Mary)
Result: x = :Jim, y = :Mary




RDF Querying Approach

« General Approach

— Create a new (declarative, SQL-like) query language

— e.g.: RQL, SeRQL, TRIPLE, N3, Versa, SPARQL, RDQL, RDFQL,
SquishQL, RSQL, etc.

« SQL-based Approach

* Introduces a SQL Table Function RDF MATCH that uses SPARQL-
like graph pattern to express RDF queries

+ Benefits of SQL-based Approach

« Leverages all the powerful constructs in SQL (e.g., SELECT / FROM
/ WHERE, ORDER BY, GROUP BY, aggregates, Join) to process
graph query results

 RDF queries can easily be combined with conventional queries on
database tables thereby avoiding staging



Embedding RDF Query in SQL

« ISELECT ...

FROM ...,

TABLE (
RDF Query
(expressed as RDF_MATCH
Table Function invocation)

) t, ...

WHERE ...;

« Use of RDF _MATCH Table Function allows
embedding a graph query in a SQL query




RDF MATCH Table Function

* |Input parameters

RDF_MATCH (
Pattern, < graph pattern
Models, < Data (set of RDF graphs)
RuleBases, < Rules (0 or more rulebases)
Aliases < list of prefixes for namespaces

)

* Returns a set of columns containing variable bindings

— Variable matching URI returned as single VARCHAR2 column with the same
name (e.g. x for ?x)

— Variable matching literal returned as a pair of VARCHARZ2 columns with a name
(e.g. x for ?x) and the type (x$type for ?x)



RDF_MATCH Example

« Example: student reviewers less than 25 years old

SELECT t.r reviewer, t.c conf, t.aage
FROM TABLE (
RDF_MATCH (

(?r rdf:type :Student)
(?r :reviewerOf ?c)
(?r :age ?a),

RDFModels(‘reviewers’),

NULL,

RDFAliases(...))

) t
WHERE t.a < 25;




Uniprot Sample Queries using Oracle
RDF Data Store

UniProt Sample Queries

Description

Pattern

Projection

Result limit

Q1: Display the ranges of
transmembrane regions

6 triples
5 vars

3 vars

15000 rows

(Q2: List proteins with
publications by authors with
matching names

5 triples
S vars
1 LIKE pred.

3 vars

10 rows

Q3: Count the number of
times a publication by a
ific_author is cited

3 triples
2 vars

32 rows

Q4: List resources that are
related to proteins annotated
with a specific keyword

3 triples
2 vars

3000 rows

Q35: List genes associated
with human diseases

7 triples
5 vars

750 rows

Q6 List recently modified
entries

2 triples
2 vars
1 range pred.

8000 rows

(Chong et al, VLDB Conference, Sep. 2005 — from Erik Jain's work?)




RDF Applications: Jena

RDF
Application

Jena extended
with D2RQ Graph

quary

LuEas

D2ZROQ
Map

MNon-RDF
Application




Mapping RDBMS to RDF: D2RQ

Structure of the D2RQ Map

4 N
exiite | —{ DatatypePropertyBridge
(e - >
xauthor - Objectbropertysndge
e 5




RDF Applications: Jena

RDQL Query

SELECT Tx
WHERE (<http://www.papers.org/3465>,
ex:author, 7x)

SQL Query 1l

SELECT Persons.Email
FRIM PersonPaper, Persons
WHEEE FPersonPaper.PersonlD =
Persons .PersonlD
AND PersonPaper.PaperlD = 3485;

Databaes Tables

TEFECTE
Farsanl B H aia B il
1 Al Hmalen fee rl e D e
i Eana bl bay 8 L ama TN TS T
FACsTE
Pl peart 12 Titla
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R Toer |mgaanll Of Hemablid Bl Teliieles) bes Con JOods Bedr.
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Advantage: "Schema-free” data
integration

Low cost approach for data integration
No need for maintenance of costly schema mappings

Ability to “merge” RDF graphs based on simple declarative
rules that specify:

— Equality of URIs

— Connecting nodes of same type

— Connecting two nodes associated by a “path”

Disadvantage: Potential for specifying spurious non-sensical
rules



"Schema-free” Integration Example

« Match nodes with the same URIs
— Can be represented using OWL same-as

 If a patient’s structured test result indicates a disease, then the
patient suffers from the disease
— has_structured_test result.indicates disease = suffers_from

— Needs Rules for representation: Role composition not supported by
OWL.



Rule-based approaches
Rule ML
Semantic Web Rules Language (SWRL)

Production Rules Systems
— ILOG
— Blaze

Open Source Rule Engines
— JESS (Forward chaining, production rules)
— XSB (Backward chaining, prolog implementation)



Rule ML

<imp>
<_head>
<atom>
<rel>suffers_from</rel>
<var>patient</var>
<ind>"Hypertrophic Cardiomyopathy”’</var>
</atom>
</_head>
<_body>
<and>
<atom>
<rel>has_structured_result</rel>
<var>patient</var>
<var>test_result</var>
</atom>
<atom>
<rel>indicates</rel>
<var>test_result</var>
<var>"Hypertrophic Cardiomyopathy”’</var>
</atom>
</and>
</_body>
</imp>



SWRL

Implies(Antecedent(Patient(l-variable(x)),
TestResult(l-variable(y)),
has_structured_result(l-variable(x), I-variable(y)),
indicates(l-variable(y), “Hypertrophic Cardiomyopathy”))
Consequent(suffers_from(l-variable(x), “Hypertrophic Cardiomypathy”))



Production Systems:

Class Patient: Person

method get_name(): string;

method has_genetic_test result(): StructuredTestResult;
method has_mutation(): string;

method suffers_from(): Disease;

method set_suffers _from(Disease): void;

Class StructuredTestResult

method get_patient(): Patient;

method indicates disease(): Disease;
method identifies_mutation(): set of string;
method evidence of mutation(string): real

the result = the_patient.has_genetic_test_result();

ILOG

IF the patient.has genetic_test resutl().indicates disease()
= “Hypertrophic Cardiomyopathy”

THEN

the patient.set_suffers_from(“Hypertrophic Cardiomyopathy”)



Some thoughts on Rules

Ease of use: SWRL is comparatively easier to use
Expressivity: SWRL expressivity is less than RuleML

Ontological Underpinnings: SWRL enables incorporation of
OWL classes and constraints.

Re-uses Rule ML and OWL standards, e.g., tags, XML, etc.

Production Systems such as ILOG and Blaze have their own
internal XML-based representation format.

— SWRL could be a potential interchange language

— Issues currently being investigated in the W3C RIF working group



Reification: Annotation of existing data

Level of accuracy of test result.
— Sensitivity and Specificity of lab result
— Level of confidence in genotyping or gene sequencing

Probabilistic relationships

— Likelihood that a particular test result or condition is indicative of a
disease or other medical condition

Level of trust in a resource
— Results from a lab may be trusted more than result from another

— Results from well known health sites (NLM) may be trusted more than
others

Belief attribution
— Scientific hypotheses may be attributed to appropriate researchers



Functional Requirements

Use Cases
Metadata-based Semantic Annotation

Recombinant Data: Information Integration and Aggregation
— Discovery Decision Support

Ontology-driven Decision Support [/

Knowledge Update and Maintenance



Clinical and Genomic
Decision Support

IF the patient’s LDL test result is greater than 120
AND the patient has a contraindication to Fibric Acid
THEN

Prescribe Zetia Lipid Management Protocol

Contraindication to Fibric Acid: Clinical Definition (Old)

The patient is contraindicated for Fibric Acid if he has an allergy to Fibric
Acid or has elevated Liver Panel

Contraindication to Fibric Acid: Clinical+GGenomic Definition (New)

The patient is contraindicated for Fibric Acid if he has an allergy to Fibric
Acid or has elevated Liver Panel or has a genetic mutation Missense:

XYZ3:Ser@$#Pro

Please note: Hypothetical — assume a genetic variant is a biomarker for
Datients contraindicated to Fibric Acid



Clinical and Genomic Decision Support:
A Rules-based Implementation

Business Object Model Design

Class Patient: Person

method get name(): string;

method has genetic test result(): StructuredTestResult;
method has liver panel result(): LiverPanelResult;
method has 1dl result(): real;

method has contraindication(): set of string;
method has mutation(): string;

method has therapy(): set of string;

method set therapy(string): void;

method has allergy(): set of string;

Method get category(): set of string;

Class StructuredTestResult

method get patient(): Patient;

method indicates disease(): Disease;

method identifies mutation(): set of string;
method evidence of mutation(string): real;

Class LiverPanelResult

method get patient(): Patient;
method get ALP(): real;

method get ALT(): real;

method get AST(): real;

method get Total Bilirubin(): real;
method get Creatinine(): real;



Clinical and Genomic Decision Support:
A Rules-based Implementation

Rule base Design

IF the patient.has 1dl result() > 120
AND ((the patient.has liver panel result().get ALP() 2 <NormalRange>
() .get ALT() = <NormalRange>
AND the patient.has liver panel result().get AST() = <NormalRange>
() .

AND the patient.has liver panel result ()

AND the patient.has liver panel result().get Total Bilirubin() = <NormalRange>
AND the patient.has liver panel result().get Creatinine() 2 <NormalRange>)

OR “Fibric Acid Allergy” € the patient.has allergy()

OR “Missense: XYZ3:Ser@S#Pro” € the patient.has mutation())

THEN
the patient.set therapy(“Zetia Lipid Management Protocol”)

Definition of “Fibric Acid Contraindication”



Clinical and Genomic Decision Support:
Definitions vs Decisions

Commonly occurring design pattern:

* The definition of a “Fibric Acid Contraindication” is represented
using rules.

* The decision related to therapeutic intervention is also
represented using rules.

Currently, both these inferences are performed by the rules
engine.



Clinical and Genomic Decision Support
Role of Ontology Engine

IF the patient.has 1dl result() > 120
AND |the patient.get category() = PatientWithFibricAcidContraindicatfion

THEN
set the patient.has therapy(“Zetip Lipid Management Protocol”)

v

implemented in an OWL-based
ontology engine



OWL representation of Fibric Acid

Contraindication

Last_Laboratory_Test

value :integer

subClassOf

Last_Blood_Test <

ALP
— <<restrictons>
<<resiriction=> Abnorm aI_ALT

Abnormal_ALP | |value 1:integer

value 2:string

[

]

Total_Billi
0

t

<aresinction=>

Abnormal_Total_Billi

value 222integer
A

value 2:integer

<<resinctions>

Abnormal_Creatinine

<<restriction=>
Abnormal_AST

value 22:integer
A

Abnormal_ALT
Abnormal_ALP
Abnormal_AST
Abnormal_Total_Billi
Abnormal_Creatinine

Abnormal_Liver_Panel

SI.IDCHSSOT—l

<<resticton>>
Patient_with_Abnormal_Liver_Panel

has_liver_panel :Abnormal_Liver_Panel

subClassOf

contraindicatedOn

—

<<resiriction=>

Patient_Allergic_to_Fibric_Acid

A

Not_Fibric_Acid_Contraindication

Fibric_Acid_Contraindication

" IntersectionOf |—‘

complementOf

Patient_with_Biomarker

has_mutation: “Missense: XYZ3:Ser@$#Pro”

®

Patient_with_Abnormal_Liver_Panel |«

Fibric_Acid_Contraindication

suffers_from :Fibric_Acid_Allergy

lcontraindicatedOn

Fibric_Acid

Patient_Allergic_to_Fibric_Acid

intersectionOf




Ontology Driven Clinical Decision Support:
Architecture

Ontology » Standalone APPLICATION
Engine Rules Engine In-process Rule
Service Engine component
Clinical Data

Repository



Clinical Decision Support:
Decoupling definitions vs decisions

Classification inferences (does patient have a fibric acid
contraindication?) can be evaluated by an ontology engine.

Reduces overhead on Rule Engine

Opens up the possibility of plugging-in other specialized
inference engines (e.g., spatio-temporal conditions)

Makes knowledge maintenance easier
— Each definition may be referred to in 100s of rules..



Decision Support: Statistical vs
Symbolic Approaches

« Symbolic:
— Knowledge Driven: Needs input of Subject Matter Experts
— Not scaleable: Knowledge Bases can get huge in case of interacting
conditions

— Example:
« Set of Rules for “CAD”
» Set of Rules for “Diabetes”
« What about rules for “Diabetes” and “CAD”

— In general for N conditions, the Knowledge base size can be of the order of 2N,

o Statistical:
— Data Driven: Models can be “learned” from the data
— More scaleable
— Probabilistic conclusions, Thresholding required
— Blackbox: No explanations possible!

« Hybrid: Need some combination of the two...



OWL Reasoners

CEL
— Polynomial time classifier for the description logic EL+
— EL+ is specially geared towards biomedical ontologies
Cerebra
— Commerical C++ reasoner, Support for OWL-API
— Tableaux based reasoning for TBoxes and ABoxes
Fact++
— Free open source reasoner for DL reasoning
— Support for Lisp APl and OWL API
KAON2
— Free Java based DL reasoner with support for SWRL fragment
— Support for DIG API
MSPASS
— A generalized theorem prover for numerous logics, also works for DLs
Pellet
— Free open source Java based reasoner for DLs
— Support for OWL, DIG APIs and Jena Interface
RacerPro

— Commercial lisp based reasoner for DLs
— Support for OWL APIs and DIG APIs



Functional Requirements

Use Cases
Metadata-based Semantic Annotation

Recombinant Data: Information Integration and Aggregation
— Discovery Decision Support

Ontology-driven Decision Support

Knowledge Update and Maintenance




Knowledge Update and Maintenance

* There is rapid knowledge discovery and evolution in the
Healthcare and Life Sciences

* Provenance is an important aspect of maintaining knowledge
consistence

* There is a close interrelationship between knowledge change
and provenance
— What has changed? — Change

— Why did it change? — Provenance
» Did someone change it? — Provenance
» Did its components change? — Change

— Who changed it? — Provenance



Domain

Last_Laboratory_Test
value :integer

subClassOf

Last_Blood_Test <

Total_Billi
0

Ontology

t

<<resinctions>

Abnormal_Creatinine

<aresinction=>

<<resiriction=>

Abnormal_ALP

value 2:integer

value 2:string

[

<<restriction>> Abnormal_Total_Billi
Abnormal_ALT value 222:integer
value 1:integer A
A

<<restriction>>

Abnormal_AST
value 22:integer

L

Abnormal_ALT
Abnormal_ALP
Abnormal_AST
Abnormal_Total_Billi
Abnormal_Creatinine 4

N
Abnormal_(al_iver_Panel \
omal AT |\
/
/

subClassOf

—

J ]

<<resticton>>
Patient_with_Abnormal_Liver_Panel

has_liver_panel :Abnormal_Liver_Panel

A

contraindicatedOn

<<resiniction=>

Patient_Allergic_to_Fibric_Acid

Fibric_Acid

suffers_from :Fibric_Acid_Allergy

lcontraindicatedOn

Not_Fibric_Acid_Contraindication
Fibric_Acid_Contraindication

intersectionOf
complementOf

Y

®

Fibric_Acid_Contraindication

Patient_with_Biomarker

has_mutation: “Missense: XYZ3:Ser@$#Pro”

Patient_with_Abnormal_Liver_Panel | ¢
Paliem_AIIergic_m_Fibric_AV

intersectionOf




Bridge — Composition Ontology

Information Ontology

Patient_Allergic_te_Fibric_Achd [—inr Fibric Ackd m@ ivdicalion
sullers from P fuid H-Er Patlers. v Abeormad Liver Fanal
I Pathsr_Abargec to Fibac_Ackd

susbClagsO i scnanOr “'.’"""'""‘"c:a
e Mat_Fibrie_Ackd_Contraindication
Patlent_with_Abrnormal_Liver Panal |= urionCH| Fibric_Acid_Conmraindicanon
has_kver_pans JAbnomal Liver Pansd
Ero———
- —tka
(%]
e
() Fibrc Acsd ConraindicnSon
, 3
Patlant] [ FibricAdicContraindication’ ____ |

Rule base



Knowledge Change and Provenance

« At each stage, Knowledge Engineer gets notified of:

— What has changed?
* The definition of Fibric Acid Contraindication

— Why did it change?
» Fibric Acid Contraindication < Patient with Abnormal Liver Panel <
Abnormal Liver Panel €< Abnormal AST < Change in AST Values

* Fibric Acid Contraindication € Patient with Biomarker

— Who was responsible for the change?
« Knowledge Engineer who entered the changed AST values?
» Change in a Clinical Guideline?
* New Molecular Diagnostic Test appears in the market?



Knowledge Update and Maintenance

 Knowledge Dependency Propagation

— If the definition of a concept changes,
» What other concepts does it impact?
» What other clinical decision support rules does it impact?

* Assertion Dependency Propagation

— If a clinical decision support rule is changed, how does this impact
potential decisions made for a patient?

— How and when should such decisions be updated?
« What if the decision involved a drug which has already been administered?



Implementation Options

* Relational Databases
— Set up RDBMS triggers or stored procedures

— The semantics of the various dependencies are hard-coded in the
application code associated with RDBMS triggers or stored procedures

* Rule Engines
— Encode the semantics of the various dependencies of into rules.
— Better than previous option as rules can be changed easier than
application code
— However, potential dependencies may be very high and depend upon
the underlying KR language

* Ontology Engines and Reasoners

— The reasoner can identify dependencies
— Requires modeling knowledge appropriately in the OWL-DL model



Current State: Healthcare KM

Market is very siloized
— Different Vendors for Different Knowledge Types

Order Sets and Templates
— Next Gen, Zynx

Vocabularies

— HLi, IMO, Apelon
Documentation Templates
— IMDSoft

Not Supported

— Clinical Guidelines, Clinical Decision Support Rules, etc.

Lack of a comprehensive semantics-based platform from KM



Semantics-based Knowledge
Maintenance

Managing change and provenance is a very difficult problem

Semantics can play a crucial role in it:

— A reasoner can navigate a semantic model of knowledge and propagate
change

— One can declaratively change the model at any time
— The reasoner will compute the new changes!

Configuration v/s coding. Could read to a huge ROl!

Could be the potential “killer app” for the Semantic Web



Conclusions

Healthcare and Life Sciences is a knowledge intensive field. The ability to
capture semantics of this knowledge is crucial for implementation.

Incremental and cost-effective approaches to support “as needed” data
integration need to be supported.

Scalable and modular approaches for decision support need to be designed
and implemented.

The rate of Knowledge Updates will change drastically as Genomic
knowledge explodes. Automated Semantics-based Knowledge Update and
Propagation will be key in keeping the knowledge updated and current

Personalized/Translational Medicine cannot be implemented in a scalable,
efficient and extensible manner without Semantic Web technologies



