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Part 1

Overview of the Semantic Web
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A web of information

* Many biomedical resources available on
the Web

 Information retrieval paradigm

* For humans to read
— Human “in the middle”
— No automated integration



Web technolgies

« Uniform naming scheme for locating resources

— Unified Resource Identifier (URI)  http://iwww.w3.org/Addressing/
* Protocols to access named resources

— HyperText Transfer Protocol (HTTP) nttp:/amww.w3.org/Protocols/

* Hypertext navigation among resources

— HyperText Markup Language (HTML) http:/mww.w3.org/MarkUp/
* To link documents to other documents
* Document structure (and presentation)
* Hypertext/hypermedia links
* NO semantics



HTML today

e HTML 4 (1997)
— Internationalization
— Scripting
— Stylesheet (decouple structure and
presentation)

« XHTML (2000)

— Extensible HyperText Markup Language
—HTML in XML
— Can be processed by XML tools



Limitations of the current Web

* Heterogeneity
— Syntax (e.g., document format)
— Semantics (e.g., values for schemas)
* Based on natural language, not
represented In a controlled way
— Not interoperable
* Web for humans

— Not easily processable by agents
— Information retrieval paradigm



Semantic Web approach

* From information designed for human
consumption
— Web of documents
— Discovered and read by humans

e To information expressed in a machine
processable form
— Web of data and information
— Accessed and processed by agents



Semantic Web The vision

The entertainment system was belting out the Beatles' "We Can Work It
Out" when the phone rang. When Pete answered, his phone turned the sound
down by sending a message to all the other local devices that had a volume
control. His sister, Lucy, was on the line from the doctor's office: "Mom needs to
see a specialist and then has to have a series of physical therapy sessions.
Biweekly or something. I'm going to have my agent set up the appointments."
Pete immediately agreed to share the chauffeuring. At the doctor's office, Lucy
instructed her Semantic Web agent through her handheld Web browser. The
agent promptly retrieved information about Mom's prescribed treatment from
the doctor's agent, looked up several lists of providers, and checked for the
ones in-plan for Mom's insurance within a 20-mile radius of her home and with
a rating of excellent or very good on trusted rating services. It then began trying
to find a match between available appointment times (supplied by the agents of
individual providers through their Web sites) and Pete's and Lucy's busy
schedules. (The emphasized keywords indicate terms whose semantics, or
meaning, were defined for the agent through the Semantic Web.)

[..]

[Berners-Lee et al., Scientific American, 2001]
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Semantic Web In practice

Extension of the current Web
For both humans and agents

Seamless Integration of resources
— Common format

— Common, harmonized data model

— Shared meaning

Semantic bus

Support for reasoning and decision
making

11



Semantic Web In practice

Representing facts (assertions) on the
Web

Querying facts
Reasoning about them

Examples of facts

e PARK1 has associated disease Parkinson disease
e Parkinson disease isa Neurodegenerative disease

12



PARK1

Facts as triples

has associated disease

subject

predicate

>

Parkinson disease

object

13



From triples to a graph

» Pick disease

Parkinson disease

Spinocerebellar ataxia

14



Connecting graphs

* Integrate graphs from multiple resources
e Query across resources

Neurodegenerative diseases
Isa

Alzheimer disease

Parkinson disease

APP > Alzheimer disease

has_associated disease

PARK1 > Parkinson disease




Needed to realize the SW vision

» A standard way of identifying things
» A standard way of describing things
» A standard way of linking things

« Standard vocabularies for talking about
things

16



Semantic Web Technologies

» Richer structure for resources
— eXtensible Markup Language (XML)

* EXxposed semantics
— Resource Description Framework (RDF)

» Explicit semantics
— Ontologies
— Web Ontology Language (OWL)

17



The “layer cake” slide

Self-
desc

Data

Unicode

-
™ | Rules Trust

Data Proof v

5

Logic E“

V)

Ontology vocabulary | g

o0

a

[Tim Berners Lee, XML-2000 Conference]

18



Part 2

Semantic Web technologies
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Overview

Resource identification schemes
Extensible Markup Language (XML)
Resource Description Framework (RDF)

Ontologies

— Web Ontology Language (OWL)
Logic

— OWL-based automated reasoning
— Rule languages (RuleML, SWRL)

Web services
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Resource identification schemes
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A Family of ldentifiers

UF\{ URI \

URN

URI = Uniform Resource ldentifier
URL = Uniform Resource Locator LSID
URN = Uniform Resource Name

LSID = Life Science ldentifier _
http://www.w3.org/Addressing/
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Uniform Resource Locator

A type or resource

identifier URI
|dentifies the location of a \
resource (or part thereof)

Specifies a protocol to @ URN

access the resource
— http, ftp, mailto
E.Qg., LSID

— http:/mww.nIlm.nih.gov/

23



Uniform Resource Name

A type or resource

identifier UR
|dentifies the name of a /
resource

Location independent
Defines a namespace
E.g.,

— urn:isbn:0-262-02591-4
— urn:umis:C0001403

URL URN

LSID

24



Life Science ldentifier

A type or resource
identifier

URI
A type of URN / \
URL

For biological entities

URN
Specific properties
— Versioned \
— Resolvable
— Immutable
E.Qg.,

urn:lsid:ncbi.nlm.nih.gov:pubmed:12571434
- AN J J
Y Y Y

DNS name  namespace unique ID http://Isid.sourceforge.net/
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Extensible Markup Language
(XML)

26



XML Introduction

Derived from the Standard Generalized
Markup Language (SGML)

— designed to enable the sharing of machine-
readable documents

A kind of markup language
Designed to describe data
No predefined tags

http://www.w3.org/XML/

27



XML Example (MeSH 2007)

<DescriptorRecordSet>
<DescriptorRecord DescriptorClass = "1">
<DescriptorUI>D000224</DescriptorUI>
<DescriptorName>
<String>Addison Disease</String>
</DescriptorName>
<TreeNumberList>
<TreeNumber>C19.053.500.263</TreeNumber>
<TreeNumber>C20.111.163</TreeNumber>
</TreeNumberList>
<ConceptList>
<Concept PreferredConceptYN="Y">
<ConceptUI>M0000346</ConceptUI>
<ConceptName>
<String>Addison Disease</String>
</ConceptName>
<ConceptUMLSUI>C0001403</ConceptUMLSUI>
[..]
</Concept>
[..]
</ConceptList>
</DescriptorRecord>
</DescriptorRecordSet>

To download MeSH in XML, see
http://www.nIm.nih.gov/mesh/filelist.html



The MeSH browser

National Library of Medicine - Medical Subject Headings
2007 MeSH

MeSH Descriptor Data

Return to Entry Pane

MMeSH . .
Heading Addison Disease
Tree
Number 19053 500,263
Tree
Number C20.111.163
An adrenal disease characterized by the progressive destruction of the ADEENAT CORTEX, resulting i insufficient production of ALDOSTEEONE
Scope Note |and HYDEOCORTISONE. Clinical symptoms melude AWNOEEXTS: MATTSEA . WEIGHT LOSE, MUSCLE WEAENESS; and

HYPEEPIGRIENTATION of the SETIV due to increase in circulating levels of ACTH precursor hormone which stimulates WMELAWOCTTES,

|E11tl'y Term

|ﬁddison's Duzeasze

|E1111'_V Term

|Primarj,r Adrenal Insufficiency

|E11tl'y Term

|Primarj.r Adrenocortical Insufficiency

|E1111'_V Term |Primarj,r Hypoadrenalism

ﬁﬁ:i BLCFCICL CH O DHDIDTEC EHEM EMEPET GEHI M MEMI MO NI PAPCEFP PSPX EARHERIRT SUTH UR TS VE VI
Entry ADDISON DIS

Version

History Note 2005 (1963)

|U11ique D

[D000224 http://www.nIm.nih.gov/mesh/MBrowser.html




XML vs. HTML

HTML

— Main focus:
Display information

— How data looks

[..]

<TABLE border>

<TITLE>Addison Disease</TITLE>
<TR><TH align=left>MeSH Heading</TH>
<TD>Addison Disease</TD></TR>
<TR><TH align=left>Tree Number</TH>
<TD><A HREF="#Tree(C19.053.500.263">
C19.053.500.263</A></TD></TR>
<TR><TH align=left>Tree Number</TH>
<TD><A HREF="#TreeC20.111.163">
C20.111.163</A></TD></TR>

[..]

<TR><TH align=left>Unique ID</TH>
<TD>D000224</TD></TR>

[...]

« XML

— Main focus:
Describe information

— What data Is

<DescriptorRecordSet>
<DescriptorRecord DescriptorClass = "1">
<DescriptorUI>D000224</DescriptorUI>
<DescriptorName>
<String>Addison Disease</String>
</DescriptorName>
<TreeNumberList>
<TreeNumber>C19.053.500.263</TreeNumber>
<TreeNumber>C20.111.163</TreeNumber>
</TreeNumberList>
[..]
</DescriptorRecord>
[..]

</DescriptorRecordSet>
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XML syntax

* Mandatory document
root

« XML tags

— Not predefined
— Mandatory closing tag
— Case-sensitive
— Can be nested
— Order matters

XML attributes

— Values must be
guoted

— Order does not matter

<DescriptorRecordSet>
<DescriptorRecord DescriptorClass = "1">
<DescriptorUI>D000224</DescriptorUIl>
<DescriptorName>
<String>Addison Disease</String>
</DescriptorName>
<TreeNumberList>
<TreeNumber>C19.053.500.263</TreeNumber>
<TreeNumber>C20.111.163</TreeNumber>
</TreeNumberList>
[...]
</DescriptorRecord>
[...]

</DescriptorRecordSet>

31




XML seen as a tree (partial)

DescriptorRecordSet

DescriptorRecord —)@

—

<DescriptorRecordSet>

<DescriptorRecord DescriptorClass = "1">
<DescriptorUI>D000224</DescriptorUI>
<DescriptorName>
<String>Addison Disease</String>
</DescriptorName>

<TreeNumberList>
<TreeNumber>C19.053.500.263</TreeNumber>
<TreeNumber>C20.111.163</TreeNumber>
</TreeNumberList>

[..]

</DescriptorRecord>

[..]

</DescriptorRecordSet>

DescriptorName

TreeNumberList

TreeNumber

Addison
Disease

—

TreeNumber

C19.053.500.263 .




Document definition

« Two mechanisms

— DTD (Document Type Definition)
— XSD (XML schema)

« DTDs can be converted to XSDs

« Serve for validating the structure of XML
documents

33



Processing XML documents

* Parsing
— Xerces, Expat, ...
— SAX (API to XML parsers)
— DOM (parser and representation)

 Transformation

— Stylesheets

— XSLT — Extensible Stylesheet Language
Transformation

34



Resources available in XML

Literature

— MEDLINE (citations)

— PubMedCentral (full-text)

Terminology

— Medical Subject Headings (MeSH)
Knowledge bases

— Entrez databases (e.g., Gene, GenBank,...)

35



Resource Description Framework
(RDF)

36



RDF Introduction

« Based on XML and URI

* Major differences with XML
— EXxplicit semantics
— Many-to-many relationships
— Limited support for inference
— Open-world assumption

http://www.w3.0rg/RDF/
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RDF Example

<go:go xmlns:go="http://www.geneontology.org/dtds/go.dtd#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:RDF>
[..]
<go:term rdf:about="http://www.geneontology.org/go#G0:0009887" n_associations="0">
<go:accession>G0:0009887</go:accession>
<go:name>organ morphogenesis</go:name>
<go:synonym>histogenesis and organogenesis</go:synonym>
<go:definition>Morphogenesis of an organ. An organ is defined as a tissue or set
of tissues that work together to perform a specific function or functions.
Morphogenesis is the process by which anatomical structures are generated and
organized. Organs are commonly observed as visibly distinct structures, but may also
exist as loosely associated clusters of cells that work together to perform a
specific function or functions.</go:definition>
<go:is_a rdf:resource="http://www.geneontology.org/go#G0:0009653" />
<go:part_of rdf:resource="http://www.geneontology.org/go#G0:0048513" />
</go:term>
[..]
<rdf:RDF>

</go:go>
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RDF Example

<go:go xmlns:go="http://www.geneontology.org/dtds/go.dtd#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"> o

<rdf:RDF>

<go:term rdf:about="http://www.geneontology.org/go#G0:0009887">

<go:accession>G0:0009887</go:accession>

<go:name>organ morphogenesis</go:name>

<go:synonym>histogenesis and organogenesis</go:synonym> biological_process
[..]

<go:is_a rdf:resource="http://www.geneontology.org/go#G0:0009653" /> i
<go:part_of rdf:resource="http://www.geneontology.org/go#G0:0048513" />

</go:term>

development
<rdf:RDF>
</go:go> ’//” "\\‘
organ development morphogen esis

N

organ morphogenesis
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RDF Triples

<go:go xmlns:go="http://www.geneontology.org/dtds/go.dtd#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:RDF>
<go:term rdf:about="http://www.geneontology.org/go#G0:0009887">
<go:accession>G0:0009887</go:accession>

‘‘‘‘‘

| <go: n morp )i name>
AAAAA |

jell

SO Na

<go:synonym>histogenesis and organogenesis</go:synonym>

<go:is_a r@f:resource=”http'//www.qeneonto1ogy orq/qo#GO'OOOQ653” /% ‘

</§0:term>

<1 RO
</go:go>
subject predicate object
go:isa
organ morphogenesis > morphogenesis
http://www.geneontology.org/go#G0:0009887 http://www.geneontology.org/go#G0:0009653

organ morphogenesis @:0009@

http://www.geneontology.org/go#G0:0009887 g o.access | on




RDF Graph

http://www.geneontology.org/go#G0:0048513 http://www.geneontology.org/go#G0O:0009653

go:accession

< G0:0048513
@development

go:accession

G0:0009653 >
morphoge@

go:name go:name

go:part_of go:isa

http://www.geneontology.org/go#G0:0009887

go:accession

G0:0009887
organ morpho@

go:name
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RDF syntax

« DTD » Values

* Properties — Literals:
— e.g., go:name

organ morphogenesis

_ — Resources:
» Attributes http://www.geneontology.org/
— e.g., rdf:resource g0#G0:0009653

<go:go xmlns:go="http://www.geneontology.org/dtds/go.dtd#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">

<rdf:RDF>

<go:term rdf:about="http://www.geneontology.org/go#G0:0009887">

<go:accession>G0:0009887</go:accession>

<go:name>organ morphogenesis</go:name>

<go:synonym>histogenesis and organogenesis</go:synonym>

[..]

<go:is_a rdf:resource="http://www.geneontology.org/go#G0:0009653" />

<go:part_of rdf:resource="http://www.geneontology.org/go#G0:0048513" />

</go:term>
<rdf:RDF>

</go:go>

42



RDF Container elements

 rdf:Bag

— Unordered container
» rdf:Seq

— Ordered container

o rdf:Alt
— Set of alternatives

43



RDF Blank nodes

» No URI associated

» Local scope
e n-ary relations

[..]
<go:association rdf:parseType="Resource">
<go:evidence evidence_code="IDA">
<go:dbxref rdf:parseType="Resource">
<go:database_symbo1>PMID</go:database_symbol>
<go:reference>14580336</go:reference>
</go:dbxref>
</go:evidence>
<go:gene_product rdf:parseType="Resource">
<go:name>Nf2</go:name>
<go:dbxref rdf:parseType="Resource">
<go:database_symbo1>MGI</go:database_symbol>
<go:reference>MGI:97307</go:reference>
</go:dbxref>
</go:gene_product>
</go:association>

[..]

44




RDF Blank nodes

go:association

http://www.geneontology.org/go#G0O:0006469

go:accession

G0:0006469
negative regulation o

G

go:name

go:gene_

go:evidence oroduct

o:evidence code

go:name

go:dbxref go:dbxref

go:database symbol go:database symbol

go:reference

14580336

go:reference
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RDF schema (RDFS)

» Classes and Subclasses
— #Glycoprotein subclass of #Protein

* Properties and Subproperties
—has update date subproperty of has date

 Domain and range (for properties)

—encodes
« Domain: gene
 Range: protein

46



Querying RDF

Multiple query languages
—RQL, RDQL, SPARQL, ...

e.g., http://www.w3.org/TR/rdf-spargl-query/

Example of SPARQL query

Ipref ix

Oprefix

@prefix

cbool:l
chool: 1
s hools 2
chools 2

de: thttp:~~purl org-dcselemsents-1. 1.
¢http:-rexanple. org-book-> .

n=; ¢http: ~wexanple. org-n=sf: .

dc:title “"SPARQL Tutorial" .

hs price 42

do:title "The Semantic Webh" |

h=price 23 .

PEEFIX dc: <http:sspurl. org-dc-element=s-1.1.:
FEEFIX n=: <http:-~examnple.org-n=t:
SELECT ?title Yprice
WHERE
{ "% n=:price 7price .
FILTER { %price < 30 ) .
T do:title Ttitle |
h

http://www.w3.org/TR/rdf-spargl-XMLres/
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RDF Inference rules

e Transitivity of isa

— Inferxisazfromxisayandyisaz
» Transitivity of part_of

— Infer x part_of z from x part_of y and y part_of z
 |sa and part_of combinations

— Infer x part_of z from x part_of y and y isa z
— Infer x part_of z from x isay and y part_of z

48



Storing RDF

 RDF data management system
— RDF store
— Triple store

» Several implementations available

— Publicly available
* .g., Sesame http://www.openrdf.org/

— Proprietary
* e.g., Oracle (from 10q) http://www.oracle.com/

49



Resources available in RDF

* Few resources currently available in RDF

 Many databases being converted to RDF
— UniProt http://expasy3.isb-sib.ch/~ejain//rdf/

— NCBI Entrez Gene http://mor.nlm.nih.gov/pubs/alum/2006-sahoo.pdf

» Examples of projects using RDF

— SWAN (Semantic Web Application In
Neuromedicine) [Gao et al, JWS 2006]

— SenselLab (integrating neuroscience
databases) http://senselab.med.yale.edu/

50



Knowledge Data

Discovery mining
tools | tools
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An RDF world

Distributed heterogeneous resources present
their data as RDF

A common data model for a sea of data
A “bus” into which resources can plug
Common, syntax, common data model

But no common vocabulary for values on the
bus

Also need vocabularies from ontologies

Build ontology is the Web Ontology Language
(OWL) and use via RDF Schema

52



Ontologies and
Web Ontology Language (OWL)
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OWL Introduction

History: DAML + OIL = OWL (2001)
— DAML — DARPA Agent Markup Language (1999)
— OIL — Ontology Inference Layer (1997)

Based on RDF(S)

Added features, mostly related to identity

— Restrictions

Three flavors of Increasing expressiveness, but
decreasing tractability

— OWL Lite

— OWL DL (used for most applications)

— OWL Full

54



The Knowledge Semantics Continuum

Medication Lists TAMBIS :
DDI Lists KEGG BioPAX
Thesaurt: ormal is-a
BT/NT, :
Parent/Child, ( rF(;S(re?fiSes) Disjointness,
Catalog Informal 1s-A pg schema DF(S) Ontylog CYC
*Terms/ ° ° g °
Formal Value O IEEE SUO
glossary Fire! Restlicti General
instances  rvestriction Logical
MeSH, constraints
Gene Ontology, Snomed
EcoCyc
Simple Expressive
Terminologies Ontologies

Ontology Dimensions based on McGuinness and Finin



OWL DL Example

« Class: Benign intracranial meningioma
In the NCI| Thesaurus http://cancer.gov/cancerinfo/terminologyresources/

<owl:Class rdf:ID="Benign_Intracranial_Meningioma">
<rdfs:1label>Benign Intracranial Meningioma</rdfs:label>
<code>C5133</code>
<owl:equivalentClass>
<owl:Class>
<owl :intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Benign_Intracranial_Neoplasm"/>
<owl:Class rdf:about="#Benign_Meningioma"/>
<owl:Class rdf:about="#Intracranial_Meningioma"/>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
<Preferred_Name>Benign Intracranial Meningioma</Preferred_Name>
<Semantic_Type>Neoplastic Process</Semantic_Type>
<dSynonym>Benign Intracranial Meningioma</dSynonym>
[...]
<NCI_META_CUI>CL006955</NCI_META_CUI>
</owl:Class> 56




OWL Class Constructors

Constructor DL Syntax Example Modal Syntax
intersectionOf CiM...MCyp | HumanriMale CiN...ANCy
unionOf CiU...uC, | DoctoruLawyer |C1V...VCy
complementOf -C -Male -C

oneOf {z1}U...U{xp} | {JOohn} U {mary} |z1V...Vzy
allValuesFrom VP.C vhasChild.Doctor | [P]C
someValuesFrom JP.C JhasChild.Lawyer | (P)C
maxCardinality <nP <lhasChild [Plp+1
minCardinality >nP >2hasChild (P)n

Borrowed from Tutorial on OWL by Bechhofer, Horrocks and Patel-Schneider
http://www.cs.man.ac.uk/~horrocks/ISWC2003/Tutorial/ 57



OWL Axioms

AXxiom DL Syntax | Example

subClassOf C1 CCs Human C Animal N Biped
equivalentClass Ci1 =0 Man = Human N Male
disjointWith C1 E-Cy | Male E —-Female
samelndividualAs {z1} = {xp} | {President_Bush} = {G_W_Bush}
differentFrom {z1} C ={xo} | {john} C —{peter}
subPropertyOf P1C Py hasDaughter C hasChild
equivalentProperty Pi=P cost = price

inverseOf P1=P, hasChild = hasParent™
transitiveProperty pt C P ancestort L ancestor
functionalProperty TCL1P T C <1lhasMother
inverseFunctionalProperty | T C <1P~ | T C <1hasSSN~™

Borrowed from Tutorial on OWL by Bechhofer, Horrocks and Patel-Schneider
http://www.cs.man.ac.uk/~horrocks/ISWC2003/Tutorial/ 58



Existential vs. universal quantification

» EXxistential quantification
— owl:someValuesFrom
— Necessary condition
— E.g., migraine = headache & has_symptom throbbing
pain [only if one-sided]
» Universal gquantification
— owl:allvValuesFrom
— Necessary and sufficient condition
— E.g., heart disease = disease & located to heart

59



OWL reasoners

e For OWL DL, not OWL Full
« Reasoners

— Fact++ http://owl.man.ac.uk/factplusplus/

— Pellet http://www.mindswap.org/2003/pellet/

— RacerPro http://www.racer-systems.com/
» Functions

— Consistency checking
— Automatic classification

60



OWL Reasoners Detalls

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
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b g Thesaurus Protége 3.2 beta

Eile

NEeH 4 86

Edit  Praject QWL

Editing OWL ontologies

(file:/met/morlx1fexport/home/olivier/projects/nci_vocab/ncit_06.04d Thesaurus.pprj, OWL [ RDF Files)

Code  Tools

¥4 [

Window  Help

2 e = <

SUBCLASS EXPLORER
For Froject: @ Thesaurus

Asserted Hierarchy

| @ Wetagata Thesatirus,onf | @ OWLTlzsses [ M Progeries | indhlduals | = Forms-

Wy CLASS EDITOR

% I @

For Class: E| Eeniga_Intracranial_Meningioma

FEem [

| {instznce of awi:Class)

TN,
[ Inferred View

[J Annotations

>

h 4 e Central_Nervous_System_Meoplasm =
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e Central_MNervous_System _Cerm_Cell_Neoplasm
& Central_MNervous_System_Hematopoiet c_Meoglas
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e Central_Mervous_System _Paraganglioma
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4Y VY Y VYYYVYYYYY

&) Ependymal_Tumor
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e Hemangicpericytoma_of_the_Central_Mervous_5y
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[ .AduIt_ImracraniaI_Naoplasm
S @ Renign_Intrarranial_Meoplasm
p & Brain_Meoplasm
p @ Childhood_Intracranial_Meoplasm
¥ © Intrac-anial_Meningioma
@ Adult_Brain_Men ngioma
e Anaplastiz_Maligrant_Intracranial_Mening
e Benign_lrmtracranial_Meningioma
& Cerebella_Papillary_Meningioma
@ Childhood_Brain_Meningioma
& Churuid_2lexus_Meningioma
[ 3 e Imraventricular_Meningioma
e Pineal_Region_Meningioma
B e Posterior_Crania_Fossa_Meningioma

B Radiation-Induced Intracranial Meningion__|

-

B 8 Skyll Rase Meniroinma

<]

D] |

= Preterred_Name
1 rdfs:label
1 Semantic_Type

Eenign Intracranial Meningioma
Eenign Intracranial Meningioma
Meoplastic Process

Froperty | Walue | Lang |
= ccde C5133
= dfynonyn Eenign Intracranial Maningioma
B3 FULL_SYH <term-name>Benign Intracranizl
Meadingioma< fterm-name><term-group=FT</term-group><term-source>MNC|</term-s
ources
B NCI_META_CLI CLOOG9SS

s

6T e

Asserted Conditions

e Bevigri_lnracran al_Neoalasm
©) Beaign_Mzningioma
& Intracranial_Meningioma

Lisease_txcludes_Abno-mal_Lell only Mahgnznt_i_ell
Disease_Excludes_Primary_Anaomic_Site only Spinal_Cord

Disease Has Abnormal Cell only Meoplastic Cell
Disease_Has_Abnormal_Cell only Meoplastic_Meningcthelial_Cell
Disease_Has_Associated_Anatomic_Sitz only Central_Mervous_System
Disease_Has_Associated_Anatomic_Sitz only Nervous_Systen
Disease_Has_Associated_Anatomic_Sitz only Meninges
Dizease_Has_Finding only Slow Crowirg_kass

HECESSARY & (UFFICIERT [

NECESSARY

NHERITED
|trom Bemiga_Meoplasms_of_the_\Meningzs|

[from Intracranial _Neoplasm]

[from Heoplasm]

[fram Meningothelial_Cell_Heoplasm]
[fram Certral_Mervous_System_Disorder]
[from Mervous_System_Disorder]

[from Meningeal_Neoplasm]

[fram Benign_keningiomal

T [ ae (i | e ffir e

) ]

M ® 23 B

& ® 5 e

@D pisjoints

® Logc View () Properties View
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Resources avalilable in OWL

* Many resources currently available In
OWL

— (Gene OntOlOgy http://www.geneontology.org/
— NCI Thesaurus http://cancer.gov/cancerinfo/terminologyresources/

 Many projects using OWL
-e.g., BioPax http://www.biopax.org/
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OBO format

http://www.godatabase.org/dev/doc/obo_format_spec.html

» Used to represent many ontologies in the
OBO family (Open Biological Ontologies)

http://obo.sourceforge.net/

» Essentially a subset of OWL DL

[Term]

id: G0:0019563

name: glycerol catabolism

namespace: biological_process

def: "The chemical reactions and pathways resulting in the breakdown of glycerol ..
subset: gosubset_prok

exact_synonym: "glycerol breakdown" []
exact_synonym: "glycerol degradation" []
xref_analog: MetaCyc:PWY0-381

is_a: G0:0006071 ! glycerol metabolism
is_a: G0:0046174 ! polyol catabolism
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Logic and
Rule languages
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Introduction

* Ontologies represent knowledge

* Automated reasoners infer conclusions
from the given knowledge
— Make implicit knowledge explicit

— Help validate the ontology (e.g., consistency
checking and automatic classification in DL)

* Need for more expressive logic
— Inference rules
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Simple inference

Disease_Excludes_Primary_Anatomic_Site

Intracranial neoplasm » Spinal chord

isa

Spinal chord

Intracranlal menlngloma L coccccccocsocccccccsesesesessccsses

isa

Benign intracranial meningioma te«=s=+=+++++++=+=+=-»: Spinal chord

L e et A oo
. c .
p B Hemangichlastoria_of_tie_Central_Me~vous_%yst ﬁ’ ﬁ’ Q: m Asserted Conditions
p B Hemangicpericytoma_of_the_Central_MNervous_Sy HECESSARY & <UFFICIERT | =
¥ & Intracranial_Meoplasm 1 | |E) Beaign_Intracran al_Neaalasm
> . Adult_Intracranial _M=zoplasm 9 Deqign_M=ningiona =
p B Benign_Intracranial_Neoplasm E) Intracranial_Meningioma
b & Brain_Mezoplasm NECESS ARV
p 0 Childhood_Intracranial_Meoplasm . . HEERITED
¥ © Intrac-anial_Meningioma Disease_Excludes_Abno-mal_Cell only Malignznt_Cell
T a . Dlsease Exclide: Prinialy Armomic Se anlily splo
.Adult_Eram_Men ngloma Disease_Has_Abnormal_Cell only Neoplastic_Cell [from Heoplasm]| C
) Anaplastiz_Maligrant_Intracranial_Mening Disease_Has_Abnormal_Cell only Meaplastic_Meningecthelial_Cell [from Meningathelial_Cell_Meoplasm [ ©
& Benign_Intracranial_Meningioma Disease_Has_Associated_Anatomic_Sitz only Central_Mervous_System  [from Certral_Mervous_System_Disorder][ ©
E Cerebella—_Papillary_Meningioma Disease_Has_Associated_Anatomic_Sitz only Nervous_Systen [fram Mervous_System_Disorder]| C
@ Childhood_Brain_Meningioma Disease_Has_Associatec _Anatomic_b1tz only Meninges [trom Meningeal_Heoplasm|[
e Choroid_7exus_Meningioma Disease_Has_Finding only Slow_Crowirg_Mas: [from Benign_Meningiomal]| c
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Complex inference

 Clinical decision support

— If patient Is treated by aminoglycosides
and patient has impaired renal function
then reduce dose (or frequency of
administration) of aminoglycosides

* Not directly supported by DL reasoners

* Require rule languages

— RuleML http://www.ruleml.org/
— SWRL (Semantic Web Rule Language)

http://www.w3.org/Submission/SWRL/
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Web services
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Introduction

« Software system designed to support
Interoperable machine-to-machine
Interaction over a network

— Services can be discovered Brok
— Service description (WSDL)

— Standard communication
mechanism sour] " e
- Protocol (http, SOAP, UDDI) R

e Data format (XML)

http://en.wikipedia.org/wiki/Web_service 70



Web Services Benefits

Standardized protocols for |/O
Cross-platform, language independent

Automated architecture for high
throughput analyses, querying

Automated service discovery

Integration with Semantic Web
technologies
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Web Services Technology

« WSDL — Web Service Description Language
— XML format for describing service interfaces
http://www.w3.org/TR/wsdl

« SOAP — Simple Object Access Protocol

— Protocol for exchanging XML-based messages over
the Internet (http)

— Client/Server protocol: Remote Procedure Call (RPC)
http://www.w3.org/TR/soap/

« UDDI - Universal Description, Discovery, and
Integration

— Service registry http://www.uddi.org/
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Web Services and ontology

« WSDL-S — Web Service Semantics

http://www.w3.org/Submission/WSDL-S/

« OWL-S (OWL-based Web service

onto | Ogy) http://www.daml.org/services/owl-s/1.0/

« WSMO - Web Service Modeling Ontology

http://www.wsmo.org/
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Examples of Web Services
In biomedicine

e BIoOMOBY http://biomoby.open-bio.org/
— Biomedical Web Services reqgistry
— Ontology-based messaging standard

— Discover and interact with task-appropriate
piological data and analytical service
oroviders

* Entrez Utilities Web Service

— Access NCBI's Entrez Utilities via SOAP

http://www.ncbi.nlm.nih.gov/entrez/query/static/esoap help.html
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Part 3

Semantic Web applications
In biomedicine
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Overview

 Use Case Flow

— Need for Shared Semantics in the context of
Personalized Medicine

* Functional Requirements
— Metadata-based Annotation
— Semantic Data Integration
— Ontology Driven Clinical Decision Support
— Knowledge Change and Provenance
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Use Case Flow based on Shared Semantics

~
N —

Personalized Medicine
Decision Support Services
and
Knowledge Repository

~—
(" Knowledge, )
Acquisition,
Discovery

And Management
Services for

\_ Clinical Care /

Patient
Encounter

Test ordering
and documentation
guidance

Clinical
Trials Referral

/

’
/
/
Structured Test 7
Result Interpretations - Tissue-bank
7’
’

7/
7’
7/

Therapeutic ordering
and documentation
guidance

Structured Research
Annotations

P — // < Bench R&D >

- —_—
Integrated C_Senotyplc and R&D Gnicm Trials 1- 4
Phenotypic Research ]
Discovery

Clinical Data Repository _
Services

y

Pharmacovigilance

Y
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Need for Metadata Annotations

Connecting Dx, Rx, Outcomes and Prognosis Data to Genotypic
Data for Cardiomyopathy

— T
\ /
person concept date raw value

Z5937X |Syncope 3/4

Z5937X ER VISIt 3/4 microarrayfﬂ/
Z5937X |Palpitations| 3/4 || (encrypted)
75937X |Gene-Chipg  3/4

Z5937X |Echocardio| 4/6

Z5956X |Gene-Chipg 5/2

75956X | Cardiomyop  5/2 || microarray || |
75956X | Atrial Fib. 5/2 || (encrypted)
Z5956X |Echocardio| 5/2

Z5956X |[EKG 3/9

Z5956X |Cardiac Arr| 3/9

Z5956X [ER Visit 3/9

Z5956X |Thalamus 3/9

\

Gene expression in HCM Test Results
it :

Myectomy
Atrial Arrhythymi

ER visits

Clinic visits
Ventricular Arrhy
ICD
ong. Heart Failure

population
registry

database

statistics

application
server

ownership
manager

encryption
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Need for Data Integration

* Need for integrating Clinical and Molecular
Diagnostics Data

 Integrated Genotypic-Phenotypic Research
Clinical Data Repository
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Need for Clinical Decision Support

a LMR Smart Form - Microsoft Internet Explorer provided by Partners HealthCare System ;Iﬁlil

J File Edit ‘ew Favorites Tools Help |

J Back v = - @ i | @Search > JAQdI’BSS I@ http:,f,l'is.partners.org,l’prototype,l’dtaylor,l’marchdmsf,l’smartfﬁa.htm \ j |JLinkS >

J Google- I jl 5 5earch Web v| @ | 170 blocked EAUtoFiII | EOptions y \

J Y_, - £v| jISearch ‘“Weh |v|v @v | IQH' Bookmarks @My ‘ahoo! = %hoo! ~ 4t Finance - Q’Iail - &7 News - @ shopping = %7 Entertainment - bj‘Lt"Tra\.fel - ﬁﬁCalendar -
4 \

LMR Smart Form
Patient: GUBERNATH, JANETTA DOB: 08/25/1947
MRN: 0000001 (MGH) Sex: F

Conditions to include:

¥ om I cap T ar1

Age: 52
Tel: (H) 617-555-1212

nent [ Plan
CC Lﬂ (‘5 Carry forward rnote content Frorn:l Most recent note 3/12/05 ;I Needs Attention 2
A1C high (8.1 iz/z0/04
m Lab Results ﬂ = iShlC SOl coith)
s LDLhigh (112 on 12/20/04)
Total Chol high (210 1z/z20/04
m Order 12/20/04 11/10/04 0/14/04 = e llhighlciolont t2/20 00 )
Glucose mualb/Croverdue (Last 11/9/032)
m (rmagsdL) r 175 185 ) m Foot exam overdue [Last 4/14/032)
AlC
2.1 8.2 - 2.3 n Eye exam owerdue (Last 10/6/03)
LA L u Need current EP
Total Chol
o (<200 mg/dL) O Al ) e thL u EMI high (34.0 today)
E'>D4L5 /L) | 59 = 60 53 = Home glucose monitoring not documented
FI‘IHH
E‘E::'DD rafdL) O 112 - 115 118
Trig : Al1Chigh (2.1 on 12/20/04)
m (=200 mafdL) O 125 125 125
SGOT
m (UFL) [ 10 7 - - @ adiust glycernic therapy
BUN
ﬂ (rnasdL) O g2 11 - - [T Referto cOE
tr S S [T Have patient report AM FBG after first 3-5 days
ﬂ fmgrdL) O 1.2 1.1 p P v
- ualb /Cr ratio m] - _ _ _ [T patient ed: What is insuiin?
Labs (g Aldfg Cr)
T patient ed: Giving ak insulin injection
Prew
AfP
¥
=
Previous Assessment/Plan
=l Cancel  Complete

Echo triggers guidance to screen for possible mutations:
- MYH7, MYBPC3, TNNZ2, TNNI3, TPM1, ACTC, MYL2, MYL3
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Need for Knowledge Maintenance

* Need for a Knowledge Repository to support Clinical
and Genomic Decision Support

* However:

— Clinical Knowledge changes over time, e.g., value ranges for
Clinical Normality

— New knowledge is created, e.g., new molecular diagnostic
test hits the market.

* Need for rapid knowledge change and maintenance
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The first step of any biomedical activity
(research, practice, knowledge gathering)
should be on the computer!



Overview

 Use Case Flow

— Need for Shared Semantics in the context of
Personalized Medicine

* Functional Requirements
— Metadata-based Annotation
— Data Integration
— Clinical Decision Support
— Knowledge Change and Provenance
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Metadata-based Semantic Annotations:
Connotea

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

File Edit “iew Favorites Tools  Help i}-
i @Back - -\_-‘:] @ @ {h pSearch ‘?;Z"Favorites @ Bv ..{_;% @ - I_J ﬁ
¢ Address @ http: v, connokea, org)search?g=cax-2-+inhibitors V| Go :links ¥
GOOglC'|C0nn0tea'|, V| IQ Search ~ ) @ fazgckiank @?524 blocked "5 Check - YR, Autolink ~ & AutoFil EOptions & @Connotea

1\ logged in as vipul_kashyap —
¢ Connotea Search . B

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 [ 2 |
bookmarks: Mote! Your search term matches the global tsg COX-2 inhibitors,
therapy Mumber of bookmarks per page! 10 | | |

Medical Sciences

Pharmacology Lopy

Co¥-2 inhibitars Replication-selective virotherapy for cancer: Biological principles, risk managerment and future directions {info) A

] David Kirn, Robert Martuza, and James Zwishel T
wiral

Mat Med 7 (7), 781-7 (Jul 2001)

fiqure doi:10.1038/89901

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

twork
netw ot o

COH inhibit L . . .
e COx-2 inhibitors and metabolism of essential fathy acids. {info)

Arning Acids - Protei.. Undurki N Das
Sonva's Databaze Que... Meod Sof Monit 11 (7)), RAZ233-7 (Jul 2005)
theurnatoid arthritis PMID: 15990700
] o Posted by ingerida to review 2005 metabolism PRINT-D F: Das U N COX-2 inhibitors pathway essential fatty acids network figure on Thu Sep 01 2005 at 09:25
rmarnralian protein ki, UTC
LS GonS
cligohydrarmnios b |
Gene Bank -Genomics .. copy
Drug resistance Is the use of COM-2 inhibitors in gastroenterology cost-effective? (info)

David Graham and Francis KL Chan
Mat Chin Fract Gastroentero) Hepato! 1 (2), 60-1 (Dec 2004)

active rheurnataid ar..

immunolegy doi:10.1038/ncpgasthep0043
molecular research Posted by MatureClinicalPractice to ulcers therapy on Thu Dec 08 2005 at 15:08 UTC
fetus
Capsid Proteins
copy

Zoonoses-veckor jurnp..,

Genorme Biology | Full text | Attacking pathogens through their hosts (info)

Economics snd or Trae | Genome Siology 7 (1), 201 (2006
Ecoloqgical Sciences doi:10.1186/qb-2006-7-1-201
ulcers
20035

Diagnosiz and screen...

reuisw




Metadata-based Semantic Annotations:
Clinical E-Science Framework

ROYAL MARSDEN NHS TRUST - PATIENT CASE NOTE
HHH#H#HH MRS #H#HH#H# HHHHHHH

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
id: 645763

patient

Consult
purpose: “follow-up”

problem_locus

Problem
pathology: “carcinoma”
present/absent: present

85




Metadata-based Semantic Annotations
HubMed

HubMed: cox-2 inhibitors - Microsoft Internet Explorer

File Edit “iew Faworites Tools Help .ﬂ”
@ Back - @ - @ @ ih )‘__3 Seatch \f;\?Favorltes @ E-:j:v :fg ] - i_J ﬁ
: Address @ http: ffvnans, hubmed . orgsearch. cgitq=cox-2+inhibitors@sort=relevance V| Go srllipke %
E Gnoglb| v| |G| Search ~ @ P FaosREk Ehgsagblocked A% Check - SR Autolink - o7l e options
| | . e I
) T=} eeds |
Search: ecox-2 inhibitors < .. - Results 1-20 of 3293
Il L Display Checked Abstracts ;I [ Show Extracts J sort by: date/relevance |D | Mext 20
01 Cox-2 inhibitors.
Brown E
Fhysician Exec. 18299 Jan-Feb |, 25(1). 74-6
Abstract FullText « SF= Chp Export Related Cites « Tag
|tags (space-separated)
annotation
Oz COX-2 inhibitors.
Erooks FM, Day RO
Med J Aust. 2000 Oct 16; 173(8) 423.8
Ahstract FullText « SFx Chp Expaort Related Cites :+ Tag
O3 COX-2 inhibitors.
Becker RC
Tex Heart Inst J. 2005; 32{3). 380-3
Abstract FullTexzt . SF= Clip Export Related Cites « Tag -« Review
4 COX-2 inhibitors.
Hawikey CJ
Lancet. 1999 Jan 23, 353(9149) 307-14
Abstract FullText « SF= Clip Expart Related Cites + Tag
0= 4.,5-Diaryloxazole inhibitors of cyclooxygenase-2 (COX-2).
Talley JJ, Bertenshaw SR, Brown DL, Carter JS, Graneto MJ, Koboldt Chd, Masferrer JL, Norman BH, Rogier DJ, Zwiwifel ES, Seibert K
Med Res Reyv. 1999 May , 19(3). 199-208 o]

@ http: o, hubmed. orgftagsfedit/ 10387277 & Internet




Metadata-based Semantic Annotations:
HubMed

2} HubMed Tag Storage: demo - Microsoft Internet Explorer

File Edt ‘View Favorites Tools  Help a"
: — = TE ] = | a2 m =
O O B0 P o @ 3% 3 -
t Address Fﬁlhttp:.l’,fwww.hubmed.org,l’tags,l’users,l’demo V| Go  |ilinks
H GD(ngEvI L| |G| search ~ @) g PaocRerk Bigssgblocked A% check v YR Autolink v | autorl e options

|2

HUBMED TAGS (BETA!)

Rat CD&+ FOXP3+ T suppressor cells mediate tolerance to allogeneic heart transplants, inducing PIR-B in APC and rendering the graft invulnerable to horne
rejection, 2004 search
dema: 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 ilts —hubmed

Generation and function of antigen-specific suppressor and regulatory T cells.
dema:
ilt4 specificity treg

tdanipulation of immune regulation in systemic lupus erythematosus, 2005
demo: test

Induction of allopeptide-specific hurman CD4+CD25+ regulatory T cells ex vivo, 2003
demo: test

Targeted CTLA-4 engagement induces CD4+CD25+CTLA-4high T regulatony cells with target [alla]antigen specificity, 2004
dema: test

The role of TCR specificity in naturally arising CD25+ CD4+ regulatory T call biology, 2005
demo: test

CD4+ regulatary T cell responses induced by T cell vaccination in patients with multiple sclerasis, 2004
demo: test

Identification of a CO4+CD25+ T cell subset cormmitted in vivo to suppress antigen-specific T cell responses without additional stirmulation, 2004
demo: cd134 treg

| €

@ & Internet




Metadata-based Semantic Annotations:
Active Semantic EMR

3 AHC Acct No: 222227 - Microsoft Internet Explorer

Fil=  Edit Wew Favorites Tools  Help 5

oBack A - Iﬂ IEII A - Search =7 Favorites &2 v i = - ,;jﬁ 3

Address | @l Cillex\final, xml v Go Links *

Referred doctor from ~
Athens Hearnt Center . 30605 Phone: FO5-208-9700 Fax: 7O0G-205-0305
Shyam "Sham" Prabhakar Practice Ontology Visit on 07/29/2005
“ 333Dogs Drive, Apt 604, ATHENS, GA 30606

SSN: 222222222 MR #: 222277 Sex: M DOB: 05/07/1970 Age: 33

Office Visit Note - Complete History & Physical

Other Physicians: David Almand M.DE Timothy GibsonM.D B Alfredo Alarcon (B
Emergency Medicine Family Practice (404 256-5212
(770) 922-3023 706-227-2027

Problem List:
3. Backache unspecified E
4. HypercholesterolemialE

4. Chest PainlE
N E;S . ICD9 codes from
. Hypertension E LCXiCﬂl
E. Shortness of Breath. Dlagnosls Procedure
Dilated cardiomyopathy gthghjg Oi’ltOlOgy annotation

Acute Glomerulanephritis with other specified Pathological Lesion in Kidney £
0. Something
1.

.

7. Abnormal ECG
9.

1

11. Chest PainlE

Chief Complaint: Follow up of abdominal aortic aneurysm, angina, aortic stenosis, aoric valve replacerient, dental clearance, and atnial fibrllation status post abnarmal stress test Cardiac
clearance for aneurysm remaval Follows up of recent hospitalization at BJC - Commerce for atrial fibrillation.

History of Present lliness: Mr. Prabhakar iz a 35 year old patient of Or David Almand, Dr Timothy Gibson, and Dr Alfredo Alarcon He was admitted (o Ty Cobb Memorial by Dr. Alfredo Alarcon
for bradycardia. He was found to have complete heart block. He was treated with mitral valve replacement. And he did not respond well. The patient was then transferred to Emory. He was
admitted to Emary by Dr. Timothy Gibson for angina. He was found to have atrial fibrillation and complete heart block. He was treated with cholecystectomy and he responded well. The patient
was then transferred to 3t. Mary's Hospital He is here today for follow up management of arrhythimia, atrial fibnllation, and IC0 function. Since his last visit new problems have developed. He is
taking his medications as prescribed. There appear to be possibly some side effects related to the medications. Cwverall, he believes that his arrhythmia, atrial fibrillation, and ICD functian is
poorly cantrolled. He is here taday for follow up management of cardiomegaly and caronary artery disease. Since his last visit no new problems have developed. He is taking his medications as
prescribed. There appear to be possibly some side effects related to the medications. Owerall, he believes that his cardiomegaly and coronary artery disease is stable The chest pain is
associated with itchy. He reparts that his chest pain is aggravated by bending. The chest pain is relieved by belching The patient reports this morning 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
by position changes.

[ Currant Madicatinne [ Madiratinne Aftar Vicit
& Done 4 My Computer




Metadata-based Semantic Annotations:
Active Semantic EMR

< AHC Acct Mo: 222222 - Microsoft Internet Explorer

File Edit ‘iew Faworites Tools  Help

@eack = - [®] &) (» S search T Favorites & - B g 3

pdiross [B)  eton Using Insurance ontology
Current Medications Medicatiol =
Intropin injectiond0mgdml, 1 inj gd/| E Intropin injectiond0mgdml, 1 inj gd | E
Tasmar tablets200mg, 1 tab qd | E Advil100mgfaml, T suspqd F E
Tasmar tablets200mg,1 tab qd | E
Tylenal extended relea=="Zumg,1 tabergd AF E

Pharmacy: Carson's ~hone: 70B-754-4128
Commerce Drug Company Phone: 706-332-3111

Allergies: AMPICILLIN, VP DYE PENICILLIN TYLENGL Drug Interaction usmg
Past Medical History: Mo pasttrauma. Drug OﬂtOlOgy
Family History: Mr. Prabhakar has a positive family history of coronary artery disease The patient's crap2 is deceased. Drug
Psychosocial: Mr. Prabhakar resides in a apartment home. He is lives with her daughter to hkkl. He has excellent social support. Aﬂergy
Life History:
Review of
Systems:
General Patient reports daily chills associated with chest pain. These symptoms hawve not been worked up by his primary care physician.Patient reports recent unintentional weight

gain. This prablerm has nat been worked up by his primary care physician lerrarlIPatient 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  Patient denies dysuria Patient complains of recent anset of hematuria Patient complains of ehronie presence of hesitancy Patient denies dribbling Patient complains of recent
onzet of burning with urination.

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

Skin Patient reports frequent of mild pruritis associated with weakness. This problem has been warked up by the patient's dermatologist.Fatient reports a walnut-sized keratosis
that iz located owver the entire Body. 3
Psychiatric Patient admits to a history of panic attacks that is currently managed by common mental health. His symptoms are felt to be not under contral.

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

Physical Examination:
General The patient appears the stated age.

@ Done j Iy Computer




Metadata-based Semantic Annotations:
Active Semantic EMR

2 AHC Acct No: 222222 - Microsoft Internet Explorer,

File Edit Wew Favorites Tools Help E Xplo re : D rug Td\s‘wdi/‘ l';'

o Back - |£| |§‘| ;‘ ,'-:' Search = 7 Favaribes 42 v g E - ﬁb ‘:‘i
Address |@ Cilexctfinal. sml k Links **
Current Medications 15 After Visit —
Intropin injectiond0ma’ml, 1 inj gd 1 E Intropin injectiond0mafml, 1 inj qﬂ\\/
Tasmar tablets200mg,1 tab gd | E Advil100mgiaml, 1 suspgd F E
Tasmar tablets200mg,1 tab gd | E
Tylenol extended releaseB50mg,1 tabergd AF E
Pharmacy: Carson's Fhone: 70B-754-4128
Commerce Drug Company FPhaone: 7O0B-335-3111

Allergies: AMPICILLIMN,WP DYE,PENICILLIN TYLENOL

Past Medical History: Mo past trauma

Family History: Mr. Prabhakar has a positive farnilky history of coronary artery disease The patient's crap? 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 hawe not been waorked up by his primary care physician. Patient reports recent unintentional weight
gain. This problem has not been warlked up by his primary care physician.lerrorl IPatient reports recent onset of severe trouble falling asleep. This problem has been warking
up by his primary care physician.

HEENT The patient reports migraing headache.

Genitourinary  Fatient denies dysuria Patient complains of recent onset of hernaturia Patient complains of ghronic presence of hesitancy Patient denies dribbling.FPatient complains of recent
onset of burning with urination.

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

Skin Fatient 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 iz located ower the entire body.

Psychiatric Fatient admits to a history of panic attacks that is currently Mmanaged by cormrmon mental health. His symptoms are felt to be not under contral.

Vital Signs: Height: 170 \Weight: 280 lbs BEF: 12080 Pulse: 80 Respirations: 20

Physical Examination:

General The patient appears the stated age.

V
@ Done i My Computer
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Metadata-based Semantic Annotations:
Active Semantic EMR

@ B FBHFLESVERE DT
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belongs to grou,

classification b_f’md / generic
Y ya
interaction

@interaction_with_cpnum_group_25¢_1

“interaction_with_cpni _group_2118

Y . . .
o o Serr.la.ntm browsing and quetying-- perform

decision support (how many patients are
using this class of drug, ...)

-~

Modes of Interest Arcs of Interest Neighhours Results
) Use Selected (hohe selected) Restrict &Arc Types ShD\'_V Neic:mhbours
@) Search By MName equivalent to Arc Direction

| has instance @ Outgoing and Incoming Arcs
has subclass L) Cutgoing Arcs
has_hrandname_edquivalent B ) Incoming &rcs
has_brandhame_equivalent (Domain=Range)
has_brandname_equivalent (Mecessary and Sufficient]
has_khrandnames_sguivalent (MNecessary)
has_khrandhame_prescription_drug
has_brandname_prescription_drug (Domain=Range)

) has_kbrandname_prescription_drug (Necessary and Sufficient)
Pl SE has_kbrandname_prescription_drug (MNecessary)

RDFE Class
has_cpnum_group [~ |
Restriction o - e = CILEry

Mk |cpnumjmup_21 18

[] case sensitive

| regular expression
Restrict Mode Types
Defined Class
Enumeration

Restrict Levels
# Levels: |2

Inclivicluzl
Logical Cperation




Overview

 Use Case Flow

— Need for Shared Semantics in the context of
Personalized Medicine

* Functional Requirements
— Metadata-based Annotation
— Data Integration
— Clinical Decision Support
— Knowledge Change and Provenance
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Semantic Data Integration

» Create a focused ontology based on a
collection of well defined use cases

* Develop and deploy “wrappers” that give
an RDF-view of the underlying data and
map It to ontological concepts.

» Specify mapping rules that associate data
items across multiple RDF graphs
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Semantic Data Integration: Ontology

OWL ontologies that blend knowledge =

View Insert Format Tools Shape Construct Windo
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Clinical Knowledge Serson

[ Structured_Image_Report | ~ L
\""‘-'—-—has_sl:ructured_imaga_repnrt subClassOf
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| o rotatas
Default Hamespace: Structured_Test_Result |w-has_structured_test_rasul
I Set Pationt associated_relative
____________________________ shows_mutation”_ ____ ___ 7 __ |~ _ e ________
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Figure reprinted with

| Mule:uIar_Diagnostic_Test_Results

= . — indicates_di |
permission from dicat Genomic Knowledge
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Semantic Data Integration: Architecture

Domain Ontologies
-\\_\for Translational Medicine Research

---------- Instantiation

Merged RDF Graph

/\

RDF Graph 1 RDF Graph 2
RDF Wrapper RDF Wrapper

RPDR GIGPAD Study 9



Semantic Data Integration:
Incremental Roadmap

Data assets remain as they are!
They do not need to be modified

The wrapper abstracts out detalils related to
ocation, access and data structure

ntegration happens at the information level
Highly configurable and incremental process

Ability to specify declarative rules and mappings
for further hypothesis generation
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Semantic Data Integration
Bridging Clinical and Genomic Information

“Paternal” i
“Mr. X . I Patient 0%
; T I (id = URI1) V70
i type , degree | . : .
iname .......... e has_structured_test_result |
........................................................................................... ! evidencel
Patient related_to Person . |
(id :IURll)" """""""" (id = URI2) MolecularDiagnosticTestResult

agsoélated_relatlve indicates_disease

has_family_history,

(id = URI4) —
identlfies_mutatior<

. problem - ! /
FamilyHistory | ™ ... “Sudden Death” MYHY missense Sers32Pro Diaiate T
(id=URI3) [ (id = URI5) . |

“EMRData | | | Cardiomyopathy
LIMS Data—" (id = URI6) '
....................................................... idontes
Rule/Semantics-based Integration: ’
- Match Nodes with same Ids 9%
- Create new links: IF a patient’s structured test result indicates a disease 97
THEN add a “suffers from link” to that disease




Semantic Data Integration:
Bridging Clinical and Genomic Information

90%

e\ifidence

Dialated
Cardiomyopathy
(id = URI6)

indicates_disease

StructuredTestResult |
(id = URI4)

identifies_mutation

suffers_from

(id = URI5)

MYH7 missense Ser532pro | has-gene

“Paternal” 1
‘er. XH ' I
Ename ty!oe degree
Patient related_to Person
| (id=URIL) [ (id = URI2)

~_"has_family_history

<" problem

FamilyHistory
(id=URI3)

assotiated_relative

“Sudden Death”

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

(Topic: GSK3beta Topic}

A 4

:Disease: DiabetesT2

rAIt Dis: AIzheimers]

Target: GSK3beta

Cmpd: SB44121

Team: GSK3 Team}

Path: WNT

Drug Discovery

oject Haystack Run Window Help
Va0 DD Q- |4 oo - ES | 5 Haystack »

v
GSK3beta Topic

E Target overview

El Group members El Primary disease
Title role Department E-mail Type 2 Diabetes
7 John Tegler  Medicinal Chemist  Chemistry john. tegle )
<7 Steve Smith Synthetic Chemist  Chemistry steve.smil M Links L=
< Tim Gross Molecular Modeler  Cheminformatics tim.grossé DIABETES MELL'TUS! NONINSULIN-
DEPENDENT; NIDDM
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Alzheimer's disease

DIABETES MELLITUS, TYPE Il
NONINSULIN-DEPENDENT DIABETES
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MATURITY-ONSET DIABETES

INSULIN RESISTANCE, SUSCEPTIBILITY
TO, INCLUDED

Gene map locus 20q12-q13.1, 20g12-q13.1, ]
<] j ! B
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Semantic Data Integration:
Bridging Chemistry and Molecular Biology

Semantic Lenses: Different Views of the same

data

E Target overview

ee...

(@)

(@)=

ta ta

Target Model

targets targets targets

N

N

~N
~

EicHr...

~

.--.

—

urn:Isid:uniprot.org:uniprot:P4 984 1

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

?bpx:prot.xref.Isid

BioPax

%}V Frizzle d '''''''

kinase I

Components \ /

,g. Dishevelled

7

100




Semantic Data Integration
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 ™ <
= TEII'l_IlEt overview & Frizzled Y % casein kjnasel/
ﬂ Cise.. e (@)= \
E;’ DisheveI‘I'::d
ta ta targets targets targéts 4
\. \ @ @ @ @ @ 5’% Axin

~ —_ ’
- Correspondence does not need ~ —
to mean "same descriptive ¢ oo vorsduna
object”, but may mean objects
with identical references
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Semantic Data Integration: Advantages

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...
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Semantic Data Integration
“Schema-free” data integration

Low cost approach for data integration

No need for maintenance of costly schema
mappings

Abllity 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
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Semantic Data Integration
Use of Relfication

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
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Overview

 Use Case Flow

— Need for Shared Semantics in the context of
Personalized Medicine

* Functional Requirements
— Metadata-based Annotation
— Data Integration
— Clinical Decision Support
— Knowledge Change and Provenance
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Clinical Decision Support

» Create the Business Object Model

» Specify Rules to encode Decision Support
Logic

» Delineate definitions of Patient States
— Represent them In an ontology
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Clinical 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+Genomic 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@3$#Pro

Please note: Hypothetical — assume a genetic variant is a biomarker for
patients contraindicated to Fibric Acid. 107



Clinical and Genomic Decision Support:

Business Object Model

Class Patient: Person

method
method
method
method
method
method
method
method
method
Method

get name () : string;

has genetic test result(): StructuredTestResult;
has liver panel result(): LiverPanelResult;

has 1dl result(): real;

has contraindication(): set of string;

has mutation(): string;

has therapy(): set of string;

set therapy(string): void;

has allergy(): set of string;

get category(): set of string;

Class StructuredTestResult

method
method
method
method

get patient(): Patient;

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

Class LiverPanelResult

method
method
method
method
method
method

get patient(): Patient;

get ALP(): real;

get ALT(): real;

get AST(): real;

get Total Bilirubin(): real;
get Creatinine(): real;
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Clinical and Genomic Decision Support:
A Rules-based Implementation

IF the patient.has 1dl result ()

AND |((the patient.has liver panel result().get ALP() 2 <NormalRange>

AND the patient.has liver panel result().
AND the patient.has liver panel result().
AND the patient.has liver panel result().
AND the patient.has liver panel result().
OR “Fibric Acid Allergy” € the patient.has
OR “Missense: XYZ3:Ser@$#Pro” € the patient.has mutation())

get ALT() 2 <NormalRange>
get AST() 2 <NormalRange>

get Total Bilirubin() 2 <NormalRange>

get Creatinine() 2 <NormalRange>)

allergy ()

THEN

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

Definition of “Fibric Acid Contraindication”
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Clinical 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.
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Clinical Decision Support
Delineating patient states

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

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

\ 4

Implemented in an OWL-based
ontology engine

111



OWL representation of Fibric Acid

Contraindication

Last_Laboratory_Test

value :integer

subClassOf
_ |Last Blood_Test <
A A R
ALT Total_Billi
ALP A A
<<restriction=>
[ Sl i Abnormal_Total_Billi
Sk Abnormal_ALT value 222:integer
Abnormal_ALP | |value 1:integer A
value 2:string A —
A
Abnormal_AST

1
@)

=<resictions>

Abnormal_Creatinine

value Zinteger

value 22:integer

/

Abnormal_Liver_Panel
Abnormal_ALT

Abnormal_ALP
Abnormal_AST

Abnormal_Total_Billi
Abnormal_Creatinine

Al
subClassOf- |
<<rastnction>>

Patient_with_Abnormal_Liver_Panel

has_liver_panel :Abnormal_Liver_Panel
subClassOf

contraindicatedOn
—

<<restriction>>

Not_Fibric_Acid_Contraindication
Fibric_Acid_Contraindication

intersectionOf
complementOf

Patient_Allergic_to_Fibric_Acid

suffers_from:Fibric_Acid_Allergy

Fibric_Acid

contraindicatedOn

A

Fibric_Acid_Contraindication

Patient_with_Biomarker

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

Patient_with_Abnormal_Liver_Panel «
Patient_Allergic_to_Fibric_Acid

|

intersectionOf
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Ontology Driven Clinical Decision Support:
Architecture

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

Repository
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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..
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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.

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...
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Overview

 Use Case Flow

— Need for Shared Semantics in the context of
Personalized Medicine

* Functional Requirements
— Metadata-based Annotation
— Data Integration
— Clinical Decision Support
— Knowledge Change and Provenance
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Knowledge Change and Provenance

* 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
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Knowledge Change and Propagation

~| Last_BI
A

ALT
ALP —

Last_Laboratory_Test

value :integer

subClassOf

ood_Test |
A

Total_Billi
i

1_ <<resiriction>>
LA Abnormal_ALT
Abnormal_ALP | |value 1:integer
value 2:string A

[

3

“<<restriction>>

Abnormal_Total_Billi
value 222:integer

I

=<restiction=>
Abnormal_Creatinine
value 2:integer

A

<<restrictions>
Abnormal_AST
value 22:integer

~

Abnormal_ALT

® ‘\
Abnormal_Liver_Panel

Abnormal_ALP
Abnormal_AST

\
/

Abnormal_Total_Bill

subClassOf

A

Abnormal_Creatinine ‘/

=<restriction>>

Patient_with_Abnormal_Liver_Panel

C

has_liver_panel :Abnormal_Liver_Panel

\ A

3

Not_Fibric_Acid_Contraindication

@

Fibric_Acid_Contraindication

intersectionOf

complementOf

Y

contraind

—

<<restriction=>

Patient_Allergic_to_Fibric_Acid

suffers_from:Fibric_Acid_Allergy

4 intersectionOf-

contraindicatedOn

icatedOn

Fibric_Acid_Contraindication

Patient_with_Biomarker

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

Fibric_Acid Patient_with_Abnormal_Liver_Panel «
Patient_AIIergicvto_Fibric_Ay
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Knowledge Change and Propagation

Information Ontology

petes At v ®
tlaoh Aergic, to Fhiric Ackd Fibric_Acid_Contraindication
flengy Piathert_wath_Abnonmas_Liesr_Parsl
1 Pathrt_Aaige: t0 Fibre Ackd
Y
o

Rule base
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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?
e Change in a Clinical Guideline?
* New Molecular Diagnostic Test appears in the market?
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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?
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Part 4

W3C Semantic Web
Health Care and Life Sciences
Interest Group
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Enabling Bench-to-Bedside:
W3C Semantic Web for HealthCare and
Life Sciences Interest Group
Launched Nov 2005: http://www.w3.0rg/2001/sw/hcls

— Co-chairs: Dr. Tonya Hongsermeier (Partners HealthCare); Eric Neumann
(Teranode)

Membership: 37, 3 Pharmaceuticals, 4 Healthcare groups

Chartered to develop and support the use of SW technologies and practices
to improve collaboration, research and development, and innovation
adoption in the of Health Care and Life Science domains

Based on a foundation of semantically rich specifications that support
process and information interoperability

HCLS Objectives:

— Core vocabularies and ontologies to support cross-community data integration and
collaborative efforts

— Guidelines and Best Practices for Resource ldentification to support integrity and version
control

— Better integration of Scientific Publication with people, data, software, publications, a]n?ol/‘l
clinical trials



Other W3C standards/techs

SPARQL - querying the SW
GRDDL - transforming data for SW

Rules - Applying policies and inferencing
on the SW

RDFA - Embedding RDF into XHTML
FRESNEL - Visualizing the SW
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Ecosystem: Goal State

[* Need to expand this with Biomedical Research + Clinical Practice */

Biomedical _ Clinial Practice >

Earlier launch

Build
Future models L In-life tests, surveillane
: - and lifecycle manageme '

-

Continuous marketing application >

[ 6-24 monthSTRNN | Productife
“— Product — Product
launch launch
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Overview

« A Forum for Scientists and Clinicians to
— Share use-cases and experiences on “how-to”

— Drive vendor adoption in HC and LS applications
— Create vision demonstrations

* Translation Research Informatics

» EXpose collections of public resources as RDF
— NCBI, Uniprot, EBI

* Develop new core vocabularies for data integration, and
migrate existing ontologies to RDFS/OWL/SKOS
— SNOMED, BioPAX, OBO, MESH, FMA
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HCLS Tasks Overview

BiIoRDF
— exposing data as RDF

BIOONT
— ontology guidelines and coordination

Adaptive Clinical Protocols and Pathways
— flexible healthcare management

Drug Safety and Efficacy

— pharmaceuticals

Scientific Publishing
— Supporting Knowledge through Text and Data
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HCLS Activities

» BIORDF+BIoONT: Parkinson Disease use-cases
— EXxposed MolBio Data
— Parkinson's Ontology

« Adaptive Protocols
— Ontology Development (with consideration of RIM v3)
— Temporal Reasoning

* Drug Safety and Efficacy
— Semantically enable CDISC SDTM Model
— Adding SW annotaitons and hypotheses to a JANUS-style DB
— Provenance and trust (non-reputability) and security
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Linking Clinical Ontologies with
the Semantic Web

Disease
Descriptions

Mechanisms

Extant ontologies

Molecules Under development

_ 130
T Bridge concept




Translational Medicine in Drug

Early Middle Late
Cellular Systems Human

$ — $$ — $$$
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Application Space :
Semantic Web Drug DD

Therapeutics
Critical Path
NDA
Genomics Clirical
Studies

Compound pDMPK Patent

Bialogy opt

. . 132
iInformatics



Domain Semantics in Clinical Trials

Clinical Semantics

 Patient/Subject - Disease/Health state

» Diagnostics =2 Findings

* Findings = Inferred (proposed) Disease state

» Disease state = Patient Classification /
Segmentation

» Design = Trial arms / treatments
» Observation = POC, safety, mechanisms
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During 2006-2007
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Relationship HL7/CDISC

Ongoing work at FDA

CDISC
Clinical Data
Interchange Standards
Consortium

|

RCRIM
Regulated Clinical Research
and
Information Management,
technical committee

T

HL7
“Health Level
Seven”

¢ CDIsC

Announcement of CDISC/SDTM
as a standard format

‘7

"The FDA has the largest pool of

randomized clinical trial data i
the world, but it cannot be
analyzed now because it is

“... populate a cross-study
database and do more
comprehensive analyses for

the benefit of patients.”

\ inaccessible"

Dr. Janet Woodcock, Deputy Commissioner for135
Operations and Chief Operating Officer, FDA
27 January 2006



FDA's JANUS Full Model
one visual representatlon
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Part 5

Current trends and future directions
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Key Semantic Web Principles

Plan for change

Free data from the application that created it
Lower reliance on overly complex Middleware
The value in "as needed" data integration

Big wins come from many little ones

The power of links - network effect
Open-world, open solutions are cost effective
Importance of "Partial Understanding"
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