INTRODUCTION TO LINKED DATA

BUILDING RELATIONSHIPS IN CLINICAL TRIALS DATA WHICH CURRENT STANDARDS DON'T
PROVIDE
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o PhUSE CSS Steering Committee

* Semantic Technology Working Group - Co-lead

* Analysis Results & Metadata Project - Co-lead

e CSS Linked Data Hands-on Workshop - Instructor



LINKED DATA

» Semantic Web

 Resource Description Framework (RDF)
» Graph Data and Graph Analytics

* Property Graphs (Neo4j)



AWESOME THINGS ABOUT LINKED DATA

THAT | WILL NOT TALK ABOUT T0DAY

* |ntegrated metadata & context

* Traceability across the data lifecycle
e Granular audit trail

e Visualization and drill down to data
e Common terminology

* |nferencing, Reasoning



Google Knowledge Graph Facebook Open Graph

Levetiracetam (Keppra)




DBMS POPULARITY CHANGES PER CATEGORY, NOV. 2016

Complete trend, starting with January 2013
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TOP RDF AND GRAPH DATABASES, 2013
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DATA AS A GRAPH?




RDF, NEO4J COMPARISON




CORE RDF CONCEPTS

o All havea

NI EMEEE and
» HTTP URI

* Things are
» Directed graphs

e Links have
» Semantics

“Now! ... That should clear up
a few things around here!”




RDF IN HEALTHCARE & PHARMA

e HL7 and FHIR
. group
* Foundational CDISC Standards and Terminology (SDTM, CDASH, ADaM, SEND)

» National Cancer Institute

e FDA
" can support* RDF



SDTM TERMINOLOGY AS RDF
HOORAY..

"Female" SDTM Terminology as RDF

SELECT * FROM <http://localhost:8890/CDISC>
WHERE {
<http://rdf.cdisc.org/sdtm-terminology#C66731.C16576> ?p ?0

}



CONDUCTOR D cggedines o Log ot @ Home
SPARQL Execution
Query m
Default Gragh IRl
Query
SELECT *

WHERE { -th f rdf. nlisc org/ sdtn-terminology C66731. 165762 7p 7o
}

Execule || Save || Load || Clear |
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TWITTER RANT

Tim Williams

! If you are just straight-up converting a row
x column data source to #LinkedData, you
are seriously missing the point.




CISC

YOU JUST
]|
SERVED...

BY LINKED DATA

¢ Think about data in a new way.
* Adopt a graph approach to both
data and standards.



Take this row-by-column structure...

A B C D E|O| P [Q

1 CDISCPILOTO1 DM 01-701-10 1015| 63 YEARS F
2 CDISCPILOTO1 DM 01-701-10 1023| 64 YEARS M
3 CDISCPILOTO1 DM 01-701-10 1028| 71 YEARS M
4 CDISCPILOTO1 DM 01-701-10 1033| 74 YEARS M
5 CDISCPILOTO1 DM 01-701-10 1034 77 YEARS F
6 CDISCPILOTO1 DM 01-701-10 1047| 85 YEARS F

.. and transform it into

R T

armcd

WHITE HISPANIC OR LATINO Pbo
WHITE HISPANIC OR LATINO Pbo
WHITE NOT HISPANIC OR LATINO Xan_Hi
WHITE NOT HISPANIC OR LATINO Xan_Lo
WHITE NOT HISPANIC OR LATINO Xan_Hi
WHITE NOT HISPANIC OR LATINO Pbo

U
arm

Placebo 7

Placebo
Xanomelir
Xanomelir

Xanomelir

Placebo



Legend
® Human Study Subject
O CDISE Code
O Literal Value
© Coded Value

SDTM DM FOR CDISCPILOTO1

SUBSET OF SIX SUBJECTS




code:site-701 a
study:hasSiteId
study: locatedIn
skos:inScheme
skos:topConceptOf

pers:pers2 a
sdtm:hasSUBJID
sdtm:hasUSUBJIID
sdtm:attendsSite
sdtm:hasAGE
sdtm: hasAGEU

UNDERLYING RDF

study:StudySite , code:Site , skos:Concept ;
"701" ;

code:country-USA ;

code:site ;

code:site .

sdtm:HumanStudySubject ;
pers:1023 ,
pers:01-701-1023 ;
code:site-701 ;
"64"Mxsd:int ;
"YEARS"AMxsd:string



ROUND-TRIPPING BACK TO YOUR
ROW-BY-COLUMN "COMFORT ZONE™

dy1/SDTM/>

PREFIX sdtm: <http'!-‘~
PREFIX skos: <http:/
SELECT ?USUBJID ’SUBJID ’AGE ?AGEU ?SEX

FROM <http://localhost:8890/SDTMTORDF>
WHERE {
’person a sdtm:HumanStudySubject ;

sdtm:hasUSUBJID ?USUBJID ;
sdtm:hasSUBJID ?SUBJID ;
sdtm: hasAGE ?AGE ;
sdtm: hasAGEU ?ageCode;
sdtm: hasSEX ?sexCode.
?ageCode skos:preflLabel ?AGEU .
?sexCode skos:preflLabel ?SEX .

}



J D wwanenn < TOWI R S————— .

<« c l ® localhost:8890/conductor/sparql_input.vspx?sid=c7374a448b9166ed7468d58e277b7c8c&realm=virtuoso_admin

[ pscotsw [ virt [ B2RDF-CT-EP [ ARM [ csS-SC @ Neodj [} RDFDMCube o Brewer ColrRang [l Wikidata Query Servic [ IntActVis-PhU [ TRTLines %" Stardog New folder

VIRTUOSO
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SPARQL Execution

Default Graph IR |

Query

PREFIX sdtm: <http://www.example.org/CompoundX/Studyl/SDTM/ >
PREFIX skos: <http://www.w3.org/2004/82/skos/core/>
SELECT ?USUBJID ?SUBJID ?AGE ?PAGEU ?SEX
FROM <http://localhost:88908/SDTMTORDE >
WHERE {
?person a sdtm:HumanStudySubject ;
sdtm: hasUSUBJID ?USUBIID ;
sdtm:hasSUBIID ?SUBJID ;

sdtm: hasAGE PAGE ; L]
sdtm:hasAGEU ?ageCode;
sdtm:hasSEX ?sexCode.

?ageCode skos:preflabel 2AGEU .
?sexCode skos:preflabel ?SEX .
}

| Execute || Save || Load || Clear

USUBJID | SUBJID AGE AGEU [SEX
http://www.example.org/person 01—701—1015| ttp://www.example.org/personf 1015)"63"* <http://www.w3.0rg/2001/XMLSchema#int "YEARS'[F" |
http://www.example.org/person01-701-1023]|ttp: //www.example.org/personf 102364 <http: //www.w3.0rg/200 1/XMLSchemafint>[ 'YEARS"['M"
http://www.example.org/person 01—701—1028| ttp://www.example.org/personf 1028 71"*<http://www.w3.0rg/2001/XMLSchema#int>| fYEARS"["M"
http://www.example.org/person 01—701—1033| ttp://www.example.org/person| 1033 T8 =TT W 010 200 T ATIC SCenmesme YEARS"["M"
http://www.example.org/person 01—701—1034| ttp://www.example.org/personf 1034 77" <http://www.w3.0rg/2001/XMLSchema#int> "YEARS"||"F"

- : 1047 |"85" " <http://www.w3.org/2001/XMLSchema#int> | "YEARS"|"F" |




MAKE IT "CDISC PRETTY"

PREFIX sdtm: <http://www.example.org/CompoundX/Study1/SDTM/>
PREFIX skos: <http://www.w3.org/2004/02/skos/core/>

SELECT ?STUDY ?DOMAIN ?USUBJID ?SUBJID ?AGE ?AGEU ?SEX
FROM <http://localhost:8890/SDTMTORDF>
WHERE {
’person a sdtm:HumanStudySubject ;
sdtm: hasUSUBJID ?usubjid_ ;
sdtm:hasSUBJID ?subjid_ ;
sdtm:hasAGE lage_;
sdtm: hasAGEU ?ageCode;
sdtm: hasSEX ?sexCode.
?ageCode skos:preflabel ?ageu_ .
?sexCode skos:preflabel ?sex_ .
# Make so pretty-pretty
bind( strafter(str(?usubjid_),str('person/')) as ?USUBJID )
bind( strafter(str(?subjid_),str('person/')) as ?SUBJID )
bind( xsd:integer(?age_) as 2AGE )
bind( str(?sex_) as ?SEX )
bind( str(?ageu_) as ?AGEU )
# Cheating here. Pay no attention to that man behind the curtain
bind("DM" as 2DOMAIN)
bind("CDISCPILOT@1" as ?STUDY)



B e ————————

<« > C l@ localhost:8890/conductor/sparql_input.vspx?sid=c7374a448b9166ed7468d58e277b7c8c&realm=virtuoso_admin
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CONDUCTOR

SPARQL Execution

Query Saved Queries |

Default Graph IRI |

Query
sdtm:hasAGE fage_ ; -
sdtm:hasAGEU ?ageCode;
sdtm:hasSEX ?sexCode.

?ageCode skos:preflLabel Zageu .
?sexCode skos:preflabel ?sex_ .
# Make so pretty-pretty
bind( strafter(str(?usubjid_),str('person/')) as ?USUBIID )
bind( strafter(str(?subjid ),str('person/')) as ?SUBJID )
bind( xsd:integer(?age_) as ?AGE )
bind( str(?sex_) as ?SEX )
bind({ str(?ageu ) as PAGEU )
# Cheating here. Pay no attention to that man behind the curtain
bind("DM" as ?DOMAIN)
bind("CDISCPILOT@1" as ?STUDY)
1 g

| Execute || Save || Load || Clear |

STUDY [DomMAIN|usuBJID  [[SUBJID|AGE|AGEU [SEX
CDISCPILOTO1/DM 01-701-1015/[1015 |63 |[YEARS|F
CDISCPILOTO1|[DM 01-701-1023[[1023 |64 |YEARS|M
CDISCPILOTO1/DM 01-701-1028][1028 |71 [[YEARS|M
CDISCPILOTO1|[DM 01-701-1033[[1033  |[74 |[YEARS|M
CDISCPILOTO1|[DM 01-701-1034[[1034 |77 |YEARS|F
CDISCPILOTO1/DM 01-701-1047|[1047 |85 |[YEARS|F




BUST YOUR DATA OUT OF STANDARDS PRISON

Smash the CDISC models (including existing RDF)

o Harvest the useful bits
o Make a true Graph Model
o Create SDTM as Graph Data

RESULT

o Data values become standards-independent.
* The Standard becomes just another data layer
» Metadata, audit data, terminology, DEFINE - are Linked or integral



SEMANTIC TECHNOLOGY WORKING GROUP

PROJECTS

e Clinical Program Design
* Regulations to RDF (Reg2RDF) [FDA in-house]
o Analysis Results and Metadata [completed]

AT THE MARCH CSS

» Hands-on Workshop (RDF, Neo4j)
» Hack the Transport format! XPT versus XML, RDF, Property Graph...



SEMANTIC TECHNOLOGY WORKING GROUP

Seeking new projects!

: SDTM Data as RDF
o SDTM data as multidimensional Linked Data
* Integration with a minimal Study Ontology prototype
* Use of SDTM and BRIDG terminology
o Integrated DEFINE data and metadata
» DEFINE becomes a SPARQL query



CONCLUSION: GRAPH IT (LIKE IT'S HOT)

o Infinitely extensible multidimensional data model.
e Future-proof data and standards.

@3’0@ * Facilitate data integration.
' ‘ * Integrated metadata.

* End-to-End Traceability.
 Data. Once.



Thank yow!




RESOURCES

Contact

timwilliams@phuse.eu
@NovasTaylor
http://www.linkedin.com/in/timpwilliams

PhUSE Semantic Technology Wiki

http://www.phusewiki.org/
Search: "Semantic Technology"

Neodj

http://neo4j.com

Virtuoso
RDF Quad Store

http://http://virtuoso.openlinksw.com
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