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Problem: Ontologies and
semantic interoperability
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BRIDG: Biomedical
Research Integration Group

o Part of US NCI Cancer Biomedical
Informatics Grid (caBIG)

o Stakeholders include US FDA, HL7,
CDISC

o Create shared domain model for
protocol-driven clinical research
Comprehensive
Consensus-based
Abstract and context neutral

BRIDG
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Achieving interoperabillity from a
common semantic foundation
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EPOCH: Immune Tolerance
Network clinical trial ontologies

o Immune Tolerance Network (ITN)

International collaborative

research effort that sponsors
clinical trials and mechanistic
assays on immune tolerance

EPOCH o EPOCH clinical trial model

Developed at Stanford Medical
Informatics

Designed to provide semantic

foundation for management of
clinical trials




Management of clinical trials
Involves complex data and
multiple groups
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Three goals of EPOCH

ontologies —

o Design tools to help
acquire and maintain

knowledge about
protocol and assay

designs

o Use this knowledge to
drive data collection
during a trial

o Implement querying

methods to support
trial management, and
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EPOCH ontologies created
In Protegé OWL

ProtocolOntology Protége 3.3 beta (file:\C:\projectsMTNAEpochO. 96Yantologies\Epoch\ProtocolOntology. pprj, OWL f RDF Files) |Z||E||E|
File Edit Project OCWL Code Toels ‘Window  Help
NEeE tRE wma ¢9% ae @protégé

(0 Metadata (ProtocolOntology.owl) r. OWLClasses [- Properties {0 Individuals r = Forms ‘

SUBCLASS EXPLORER = CLASS EDITOR =T
For Project: ® ProtocolOntoloav | Fnr Class: @ [Pratnrnl (instance nf owl-Class) [ Inferred View

Asserted Hierarchy [J Annotations

» © org:Facility . P rDtD c D I Lang .

t primarily

> © assay:Assay

lab:PreprocessingCondiito

the protocol schema, the events that are planned and their
schedule.<br=<br>

> © lab:LabWare ‘ Capwres

> lab:SpecimenMetaclass_1
Iab:StorageConditions i A e ww O - n..-n..m..--:.-u: el e e R

ce:ConstraintExpressil - w hasFacilitiesPlan  (single FaciliiesPlan)

mo:Measurement
mo:Unit ™ hasLongTitle (single sfring)
PROTOCOL EVENT °

@ ProtocolEntity

> ® FacilitiesPlanEntity - ™ hasProtocolld (single string)

. :E:Z:ZZZ:EventEnmy ™ hasSchedulesOfEvents  (multiple ScheduleOfEvents)

> ® StudyDesignEntity ™ hasSpecimenWorkflow (single SpecimenWorkflow)

4 ¥ ¥ v ¥

™ hasPrimaryScheduleOfEvents  (single ScheduleOfEvents)

| -] ® & R [ e - LOgIC VIew = |FToperues view |




ITN wants to use BRIDG-
compliant applications

o ITN protocols encoded as EPOCH
knowledge bases to drive caBIG
applications (e.g., Patient Study Calendar)

o Challenge: Develop methods to
Harmonize common subset of BRIDG &
EPOCH: shared semantics
Overcome representational mismatch

Representation languages
Representation choices
(Terminological mismatch not consider here)
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Approach taken

o Semantic alignment

o Overcoming representation language
mismaitch

o Overcoming representation choice
mismatches
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Approach taken

o Semantic alignment
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Use Excel spreadsheet to systematically
review and document possible mappings

Define necessary preconditions for
mapping



Semantic Alignment: Excel
spreadsheet
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The entire protocol issegmented temporally into
perods. Each perod defines a segment of time that
groups proctocol activites by their function. For W ¥ ¥
example, the Screening Penod defines the protocaol
Period ClassComment timing during which the activites related to protocol BEIDG . Plan
Pernod hasMame name of the penod ¥ ¥ ¥ BRIGG.Plan
Pernod hasPenodType & genaric label assigned to the period ¥ ¥ " =<no type ir
a =al of sub-penods or encounters that this penod isde- ¥ ¥ ¥
Pariod hasSubTimings composad into EBRIDG. Plan
Pernod isPatOfPareniTimings a =&l of arms that this period is pard of ¥ ¥ ¥ BRIGG.Plan
Pernod SubClass0f #PlannedTiming ¥ ¥ & |epoch-spec
Protocol-related activity such as a clinical assessment, a
treatment ora mechanigic sudy, which invalves ¥ ¥ ¥
PlannedActivity ClassComment participants and study site personnal. BRIGG.Plan
BRIDME.Plan
will coverin
¥ ¥ ¥ information
annotations that specity instructional ortemporal between an
PlannedActivity hasfnnotations information on the activity BRIDG. Cala
BRIDG.Con:
) {allowsforc
¥ ¥ ¥ collecting o
PlannedActivity hasFunclionalGrouping a higherlevel grouping that the aclivily belongsio FlannedAct
) ) ~ |BRIDG.Plan
PlannedActivity hasMame name of the activity ¥ ¥ ¥ |in the BRID!




Semantic Alignment:
Restrictions on EPOCH

o Mapping from EPOCH to BRDG => Place
restrictions on EPOCH

Only one schedule of activities
Period has no subperiods
Limited temporal annotations

o Define necessary conditions for mapping

Formulate as DL definition of
“BRIDGClinicalTrial” subclass of
epoch:ClinicalTrial
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BRIDGCIinicalTrial n
EPOCH
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trial: Clinical Trial
trial hazProtocol onby (priont: Protocol and (priont: hasSchedulesOfActivities exacthy 1) and (pr
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o Need trial-specific closure axioms to do
automated classification of EPOCH trials that
can be mapped to BRIDG
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Approach taken

o

o Overcoming representation language
mismaitch

o
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Overcoming representation language

® mismatch: BRIDG-In-OWL

I Scope: BRIDG Study Planned View + BRIDG Complex Data Types
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Logical Diagram: "BRIDG Study Planned View" created: 4/23/2007 11:47:55 &b modified: 5A17/2007 11:43:19 AW 73% 850 « 1038
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+ corigenialy: BRIDGGodEdCoED| :
+ tesaiplon: BRIDGDooUmEnIbesoilon SUBCLASS EXPLORER W), CLASS EDITOR
+ diseare: BRIDGCHEDCOnER]
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+ Ideniier: SET BRIDGID = — -
. . + additional Descrption Text: string
. :::;m::.s:rl::nmw:ncmm + category: BRIDGCodedConcept v .BRIDGCDHCEp‘t
+ sl BRIDCSREME + description: BRIDGCoded Concept -
B zwwz:snunlnmmzncmnl + status: BRIDG Status > .Ad'ww
o :‘:l:::s!.l‘lrl'l;mouzncmnl b @ calendarCel
p O CalendarTC

i

[ . FunctionalRole

W mm & @

Rannsd s @ Organization [ hasArms  (muttiple &rm)
: nlmnml:chxldnal;‘:;‘:’::;:'\: !RIDDh!nﬂT'I?S h‘ . Organlza‘tlonRole _ haSEpDChS (mumple EpDCh)
o e ! @ PlannedCalendar (M hasPlannedactivities  (multiple Plannedactivity)
+  biirdedindlcakr: bodiean > . Relationship .
+ blirdirgEchema: BRIDGScdedeorezp | Planned aod i [ hasPlannedCalendar  (=ingls PlannedCalendar)
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;

PlannedStudy

+ plannedSubjectinterventionDuration: BRIDGInteralTS
+ plannedSubjectParicipationDuration: BRIDGInterval TS
+ fargetdccrualMumber: int

sty Protacal

hlindedindicator: boolean

hlindingSchema: BRIDGCodedConcept
confidentialiy: BRIDGCodedConcept

description: BRIDGDocumentDescription

disease: BRIDGCodedConcept

intent: BRIDGCoded Caoncept

monitor; BRIDGCodedConcept
multilnstitutionindicator: boolean

phase BRIDGCodedConcept
populationDescription: BRIDGDocumentDescription
randomizedindicator. boolean

subjectTvpe: BRIDGCodedConcept
CDocumeantation

description: BRIDGDocumentDescription

identifier: SET BRIDGID

language: BRIDGCodedConcept

rewision: string

status: BRIDGStatus

subtype: SET BRIDGCodedZoncept

title: string

type: BRIDGCodedConcept

+ 4+ + + 4+ 4+ 4+ 4+ 4+ + + o+

+ + + + + 4+ 4+ 4+

Example: PlannedStudy

@ Plannedstudy (instance of owl:Class)

CLASS EDITOR
For Class: 0 |PlannedStudy

(T ¥ &« [} [H

=10l x|

LE=NERT;

[instance of owl.Clazs) [ ] Inferred wiew

e

Property | Walue

rdfa comment

il

M hasArms  (multiple Arm)

[ hazEpochs  (mutiple Epoch]

[ hazPlannedactivities  (multiple Planned Sctivity)

[ hazPlannedCalendar  (=sinodle PlannedCalendar

[ hasPlannedCalendar TCRelstionships  (multiple CalendsrTCRelstionship)
[I.] documentDescripgtion  (=ingle BRIDGDocumentDescription)

[ hasStudySites  (muttiple FunctionalRale)

(] iclertifier  (muttiple ERIDGIDY

(Mtitle  (=ingle string

Bl Propertie]

@: Q’ % Superclasses
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Modifications to BRIDG

o Driven by Patient Study Calendar
application requirements

o Added several associational
relationships

o Modifled some subsumption relations
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Approach taken

O
@)

o Overcoming representation choice
mismatches
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Overcoming representation choice

® OO :
mismatch: Epoch example
EPOCH
:
Arml1Cyclel »  Arml1Cycle2
Arm2Cyclel » Arm2Cycle2 i

BRIDG




SWRL rule to map epochs

o EPOCH:periodTypes

priont:PeriodFpl A

priont:hasPeriodTypelfp, fptypel A Of penOdS
priant:labelptype, Yepochlabel) A

swrlx create QWL Thing(fepoch, Ypiypel A Correspond tO

sl create QWL Thingfcode, Yepochl A BRlDG:epOChS
bridg:Plannedstudy F pstudy)

— bridg:EpochiFepach) A 0O EPOC—|
bridg:BRIDCCodedConcepti?cade] A ] .
bridg.epochMame{fepoch, Ycodel A perIOC Typelabel
bridg:dizplayMame(/code, YepochlLabel] &

bridg:dezcriptiveMame(fepoch, PepochlLabell & corres Oonds tO

bridg:hasEpochs{Fpstudy, Fepoch) BRI DG epOCh COde
displayName
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Successfully used an EPOCH clinical trial
O to configure BRIDG Patient Study
Calendar application

SWRL rules SWRL rules Patient Study

a2 & W Calendar

Herold protoco
in EPOCH

Herold protoco
in BRIDG

Herold protoco
in PSC XML

Duy(3[3 3 a/5 87 8 /w30 20 33 53/1e /1828 47 [10 10 30 23 333134 38 38 3 30
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o Automated mappings except for one
relationship
Because of OWL/SWRL'’s open-world

assumption, First epoch cannot be derived
as an epoch that has no predecessor
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Conclusions

o Semantic interoperabillity requires

Harmonization of subsets of
ontologies/models

Overcoming mismatches in representation
languages and representation choices

o OWL restrictions and SWRL rules help to
overcome semantic and syntactic
mismatches

o Possible future work

Continued harmonization of BRIDG/EPOCH
Scalability and (semi-)automation of method
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Thank you!

o Questions?
o Comments?
o Suggestions?
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