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Introduction

• Semantic interoperability among terminologies, 
data elements, and information model is 
fundamental and critical for sharing information 
from the scientific bench to the clinical bedside 
and back among systems. 

• Domain-specific Common Data Elements 
(CDEs) are emerging as an effective approach 
to standards-based clinical research data 
storage and retrieval and have been broadly 
adopted. 
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Source from Drs. Qian Shi and Dan Sargent – ARCAD Project 
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Source from Drs. Qian Shi and Dan Sargent – ARCAD Project 
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High-level data description meta-model in 
ISO 11179 specification 
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Information and Meaning

	
Information

Meaning
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ISO/IEC 11179-based Metadata Repository

• National Cancer Institute (NCI) created the 
Cancer Data Standards Repository (caDSR) 
based on the ISO/IEC 11179 metadata 
standard. 

• In the ISO/IEC 11179, a data element is defined 
as a unit of data for which the definition, 
identification, representation and permissible 
values are specified by means of a set of 
attributes. 

• The binding of controlled terminology provides 
the basis for semantic scaling of the CDEs.
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caDSR CDE: Assessment Method Type
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caDSR CDE: Assessment Method Type

Meaning of the CDE

Defined in NCI Thesaurus Concept Codes
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caDSR CDE: Assessment Method Type

Meaning of the Permissible Values

Defined in NCI Thesaurus Concept Codes
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Data Dictionary Using caDSR CDEs
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Challenges

• The potential of the binding of a data element to 
controlled terminology has not yet been fully 
explored. 

• In particular, there is a very limited toolbox at 
present for quality assurance (QA) of meta-data 
registered in such a repository like caDSR. 

• CDE content errors can have a significant 
negative impact on downstream CDE uses. 
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Specific Aims of caCDE-QA

• Aim 1: To develop a suite of QA tools for validation and 
harmonization of cancer study CDEs;

• UMLS Semantic Network-based approaches

• Semantic Web-based approaches

• Aim 2: To apply the QA tools to audit experimental 
cancer study CDEs represented in a semantic web 
framework;

• NCI caDSR

• Preferred sets of CDEs from TCGA data dictionary 

• Aim 3: To deploy and evaluate a QA web-portal for 
collaborative CDE review and harmonization. 

• CTS2-like standard CDE services
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Semantic Web-based QA Approaches
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Semantic Web Technologies

• The W3C standards

• Resource Description Framework (RDF)

• A model of directed, labeled graphs

• Using  a set of triples (subject, predicate, object) - statements

• SPARQL

• A query language for RDF graphs

• Web Ontology Language (OWL)

• A standard ontology language used for ontology modeling

• Leveraging Description Logic for reasoning

• Shape Expressions (ShEx) Language

• An emerging standard
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OWL-based QA  Tools

Jiang, et al. AMIA Annu Symp Proc. 2015 
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Equivalent CDEs

CDEs Violating Constraints
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Shape Expressions (ShEx)-based 
QA Tools
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Video (5 min)

https://youtu.be/D93_p9QAomw
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DeepPhe Breast Cancer Model

FHIR ProfileOWL Ontology
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Shape Expressions (ShEx) Language

• Input to the W3C RDF Data Shapes working 
group

• Schema language for RDF

• Formally describes RDF structures

• RDF analog to XML schema

• ShEx – validate and traverse models



©2016 MFMER  |  slide-22

Approach

FHIR Model

in StructureDefinition

XML  ShEx

XML RDF

ShEx Schema

FHIR Data XML RDF

Add 

Semantic Actions

Target XML

Validate
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D2Refine: A Metadata Harmonization 
and Validation Framework
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D2Refine –
A Framework for Metadata Harmonization and Validation
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D2Refine Plugins
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NCI LexEVS CTS 2
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NCI EVS CTS 2
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http://lexevscts2.nci.nih.gov//lexevscts2/entities?

matchvalue=Female&

format=xml&

filtercomponent=resourceSynopsis&

maxtoreturn=10&

bypass=1
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D2Refine CTS2 Reconciliation Plugin
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D2Refine CTS2 Reconciliation Plugin
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D2Refine CTS2 Reconciliation Plugin
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CIMI ADL/FHIR Exporter
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Posters & Demo

• Poster I (by the U01 caCDE-QA Team)

• Modeling and Validating HL7 FHIR 
Profiles Using Semantic Web Shape 
Expressions

• Poster II: (by a collaboration between the U01  
caCDE-QA and U24 DeepPhe/TIE teams)

• Integrating TCGA Clinical Data Using 
Metadata-driven Tools and NLP
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Questions & Discussion



©2016 MFMER  |  slide-36

Youtube video demo link:
https://youtu.be/D93_p9QAomw 

https://youtu.be/D93_p9QAomw

