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The CTDasRDF project was started from the PhUSE CSS conference on 
March, 2017  

Motivation 

FDA CDER’s survey* indicated 26% of submissions had a least one error. 
We expects our new approach with RDF and other related technologies 
will lead to the highly compliant submission data. 

Approach 
To generate the highly compliant submission data, including SDTM data, 
metadata(define.xml), protocol information into the RDF datasets, and 
extract as SDTM and define.xml by utilizing SPARQL Query and SPIN 
rule.

What we do
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* Allard, Crystal ,  Technical Rejection Criteria for Study Data - Preliminary Findings. , PhUSE Single Day Event (SDE) in Boston, 2017.



Clinical Trials Data as RDF is built based on graph data technology

Technology Background
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Typical data structures
Tabular data Tree data Graph data
SAS Dataset 
CSV 
Excel

XML 
JSON 

RDF 
Neo4j 
GraphX

Example



RDF is Simple Structure, Simple Expression, and Well Defined 
Vocabulary.

Why we should use RDF

5

Subject Predicate Object

sdtmig-3-1-3:Column.DM.ACTARM sdtm:additionalMetadata study:Arm

sdtmig-3-1-3:Column.DM.ACTARM sdtm:variableComment
"According to randomization 
list"^^xsd:string

sdtmig-3-1-3:Column.DM.ACTARM code:hasMethod code:ActivityMethod_2

sdtmig-3-1-3:Column.DM.ACTARM sdtm:additionalMetadata study:Arm

code:ActivityMethod_2 rdf:type code:Method

code:ActivityMethod_2 rdfs:comment “Y for death subject”^^xsd:string

code:ActivityMethod_2 rdfs:label  "DERIVED"^^xsd:string

sdtm:variableComment skos:definition
“Comments for SDTM 
variable"^^xsd:string

RDF Tripples



Sparql Query Language 

Sparql is Query Language that specification is released by World Wide 
Web Consortium(W3C). 

Similar to SQL, But absolutely different.

Why we should use RDF
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SELECT ?SDTM_Variable ?Ordinal
WHERE{

?s                rdf:type        sdtm:SDTMDefineRecord_DM;
                sdtm:hasDFVariable    ?SDTM_Variable.

?SDTM_Variable    rdf:type        mms:Column;
             mms:ordinal    ?Ordinal.

} 
ORDER BY ?Ordinal



RDF related Technology includes 
• Standardized Data Specification 
• Standardized Query Language 
• Ontology - Standardized Vocabulary

Why we should use RDF
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We Love  
Standards !



• W3C  RDF 1.1 Primer  
https://www.w3.org/TR/rdf11-primer/ 

• W3C  RDF Schema 1.1 
https://www.w3.org/TR/rdf-schema/ 

• SPIN  
http://spinrdf.org

Useful Resources
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https://www.w3.org/TR/rdf11-primer/
https://www.w3.org/TR/rdf-schema/
http://spinrdf.org


Project Wiki
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http://www.phusewiki.org/wiki/index.php?title=Clinical_Trials_Data_as_RDF



Github Site
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https://github.com/phuse-org/CTDasRDF



 1. code.ttl ‒ this file contains or links to resources representing defined concepts such as controlled terminologies. 
It includes Defined Activities. It currently provides links to SDTM terminology and the time ontology. In the future, it can be 
expanded to link to other terminologies in RDF such as MedDRA, LOINC, and the WHO Drug Dictionary. It is anticipated that 
this file will reside and be maintained on a public site for all implementers to reference, although various links to proprietary 
terminologies may be restricted based on licensing agreements.  

 2. study.ttl ‒ contains the study metamodel in OWL. It contains the core classes and relationships previously 
discussed that are common to all studies. This ontology imports code.ttl. It is anticipated that this file will also be publicly 
available on the web.  

 3. cdiscpilot01-protocol.ttl ‒ contains the concepts and relationships specific to the pilot study protocol, including 
the protocol-specified activities, rule sets, and controlled terms/value sets. It imports the study.ttl ontology. It is expected 
that this file will be the primary source to generate the blank case report form and the define.xml contents. Since study 
protocols are considered proprietary, the file will likely reside behind a firewall with restricted access. It also defines a 
separate namespace called custom: to store protocol-specific concepts and custom terms that are not present in code.ttl .  

 4. cdiscpilot01.ttl ‒ contains the instance data for the study. It imports the cdiscpilot01-protocol.ttl file. This file 
also resides behind a firewall.  

 5. sdtm.ttl ‒ contains or links to the SDTM ontologies that are useful in creating valid SDTM datasets from the 
knowledgebase. This file is publicly available.  

 6. sdtm-cdiscpilot01.ttl ‒ links the instance data in cdiscpilot01.ttl with the SDTM ontology in sdtm.ttl from which 
the SDTM datasets are derived. Any protocol-specific SDTM implementation information is contained herein.  

RDF Datasets of Clinical Trials Data as RDF
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code.ttl
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study.ttl
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cdiscpilot01-protocol.ttl
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cdiscpilot01.ttl
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sdtm.ttl
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sdtm-cdiscpilot01.ttl
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Graph Visualization
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Tim Williams and Armando Oliva, Breaking the Mold: Clinical Trials Data as RDF, PhUSE 2017 
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Tim Williams and Armando Oliva, Breaking the Mold: Clinical Trials Data as RDF, PhUSE 2017 



This tool is for the proof of concept that is the automatically  
generating of a high-quality define.xml from Clinical Trials Data and 
other metadata as RDF through SPARQL query. 

https://github.com/i-akiya/CTDasRDF/tree/master/Define-XML

Generate define.xml
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https://github.com/i-akiya/CTDasRDF/tree/master/Define-XML
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Sparql Query 
Generator

Retrieve the metadata for 
generating defile.xml

Apache Fuseki 
Sparql Endpoint

Groovy EnvironmentPosting Sparql Query

XML Builder

Java Runtime Environment

Operating System

Generate define.xml



SELECT ?Domain ?DatasetLabel ?Structure ?defClass

WHERE{

sdtmig-3-1-3:Dataset.${Dataset}  mms:context               ?Context;

                                 mms:contextName           ?Domain;

                                 mms:contextLabel          ?DatasetLabel;

                                 cdiscs:datasetStructure   ?Structure.

?Context                         mms:contextLabel          ?defClass.

}

Sparql Query Generator
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Assigned ${Dataset}=“DM”
and

Post the Query
Query Result



'OID': "IG.${dsname}",

'Name': dsname,

'Domain': dsname,

'SASDatasetName': dsname,

'Repeating': repeating,

'IsReferenceData': reference,

'Purpose': "Tabulation",

'def:Structure': sol.Structure,

'def:Class': sol.defClass,

'def:CommentOID': "",

'def:ArchiveLocationID': "LF.${dsname}"

  ) {

  'Description'({'TranslatedText'('xml:lang':"en",  dslabel )})

                    for (ResultSet variableResultset = variableMetadataQE.execSelect(); 
variableResultset.hasNext() ; ) {

                        QuerySolution sol2 = variableResultset.nextSolution()

  'ItemRef'(ItemOID: "IT.${datasetName}.${sol2.dataElementName}", 
OrderNumber: sol2.ordinal_, Mandatory: sol2.Core, KeySequence: "", MethodOID: "")

  }

  'def:leaf'('ID':"LF.${dsname}", 'xlink:href':"$
{dsname}.xpt".toLowerCase(), {'def:title'("${dsname}.xpt".toLowerCase())}

  )

Groovy XML Builder
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The highlighted fragment in red indicate 
that the values from Sparql Query.



<ItemGroupDef OID="IG.DM" Name="DM" Domain="DM" SASDatasetName="DM" Repeating="Yes" 
IsReferenceData="No" Purpose="Tabulation" def:Structure="One record per subject" 
def:Class="Special Purpose Domain" def:ArchiveLocationID="LF.DM">
  <Description>
    <TranslatedText xml:lang="en">Demographics</TranslatedText>
  </Description>
  <ItemRef ItemOID="IT.DM.STUDYID" Mandatory="Yes" />
  <ItemRef ItemOID="IT.DM.DOMAIN" Mandatory="Yes" />
  <ItemRef ItemOID="IT.DM.USUBJID" Mandatory="Yes" />
  <ItemRef ItemOID="IT.DM.SUBJID" Mandatory="Yes" />
  <ItemRef ItemOID="IT.DM.RFSTDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.RFENDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.RFXSTDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.RFXENDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.RFICDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.RFPENDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.DTHDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.DTHFL" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.SITEID" Mandatory="Yes" />
  <ItemRef ItemOID="IT.DM.INVID" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.BRTHDTC" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.AGE" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.AGEU" Mandatory="No" />
  <ItemRef ItemOID="IT.DM.SEX" Mandatory="Yes" />

Groovy XML Builder
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Generated xml code



DEMO


