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Abstract

Objectives

Background: Domain-specific common data elements
(CDEs) are emerging as an effective approach to
standards-based clinical research data storage and
retrieval. A limiting factor, however, is the lack of robust
automated quality assurance (QA) tools for the CDEs in
clinical study domains.

Background:
National Cancer Institute (NCI) has implemented the
Cancer Data Standards repository (caDSR) that adopted
the ISO/IEC 11179 Metadata Registry (MDR) standard.

Objective: The objectives of the present study are to
prototype and evaluate a Semantic Web-based QA tool
for the study of cancer CDEs using a post-coordination
approach.
Methods: The study starts by integrating the NCI
caDSR CDEs and The Cancer Genome Atlas (TCGA)
data dictionaries in a single Resource Description
Framework (RDF) data store.
We designed a compositional expression pattern based
on the Data Element Concept model structure informed
by ISO/IEC 11179, and developed a transformation tool
that converts the pattern-based compositional
expressions into the Web Ontology Language (OWL)
syntax.
Invoking reasoning and explanation services, we tested
the system utilizing the CDEs extracted from two TCGA
clinical cancer study domains.
Results: In total, TCGA data dictionary contains 775
CDEs for 38 clinical cancer domains, which cover 21
cancer types. In the present study, we performed a case
study of two clinical cancer domains: Clinical
Pharmaceutical and Clinical Shared, which contain 18
and 98 CDEs respectively.
The reasoning services identified 6 CDEs with equivalent
CDEs from the domain Clinical Pharmaceutical and 29
CDEs with equivalent CDEs from the domain Clinical
Shared. In total, there are 12 groups of equivalent CDEs.
Human-based review shows that among 12 groups of
equivalent CDEs identified, the CDEs in 2 groups had
modeling errors.

Part 3 of the ISO/IEC 11179 model describes a model for
formally associating data model elements with their
intended meaning.
Earlier studies [1-2] have uncovered serious issues with
at least some of the caDSR definitions and have
highlighted a need for robust, principled and automated
quality assurance (QA) tools for the CDEs in cancer
study domains.
Date element meanings, as recorded in the caDSR
frequently use a simple form of "post-coordination",
where a primary (focus) concept is identified along with
one or more secondary identifiers that modify or qualify
the intended target meaning. When taken on its own,
this approach does not lend itself to automated validation
and consistency checking.

Methods

Discussion

Figure 3

• The transformation allows us to take advantage of the

Figure 1 shows the architecture used in our evaluation.

built-in feature of OWL in expressing the disjointness and
domain/range restrictions among a set of OWL classes,
and subsequently invoke the reasoning services provided
in existing OWL-DL reasoning tools (e.g., the HermiT
reasoner to check the inconsistencies and violations .

• Module 1, Data Integration and Services combines the
information from the caDSR Common Data Elements
and the TCGA data dictionary as a cohesive unit,
which allows the SPARQL query services to access
the contents of both resources as a single unit.

•

• Leveraging the upper level ontologies such as UMLS

Module 2, Compositional Expression Transformation
converts the data element meaning definitions
recorded in the caDSR elements into DL expressions
which become the inputs to Module 3.

Semantic Network, basic formal ontology (BFO) or
BioTop ontology (a top-domain ontology for the life
science) would potentially provide a formal approach to
define the constraints for supporting the CDE modeling
applications.

• Module 3. OWL-based Quality Assurance which uses
the combination of the NCI Thesaurus and additional
disjointness axioms to detect potential errors and
duplications in the data element definitions.

Figure 2

Description Logic (DL)-based mechanisms allow
ontology curators to formally and unambiguously
represent concept meanings and relationships, and to
use off the shelf reasoning tools such as HermiT to
automate the computation of the relationship between
two class expressions and consistency checks.

Conclusions
Figure 3. A screenshot of Protégé 5 illustrating CDEs
violating constraints and equivalent CDEs are detected
by DL reasoning services.

Table 2: Equivalent CDEs

•

•

Objective:
The objective of the present study to design, develop and
evaluate a quality evaluation tool for cancer study CDEs
using a post-coordination approach.
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Figure 2. Mappings between SNOMED CT Observable
Model and ISO/IEC 11197

In total, there are 19 CDEs (out of 116 CDEs) identified
with constraint violations. Human-based review shows
that all 19 CDEs had modeling errors in their asserted
primary properties.

Table 1: Compositional Expression

Conclusion: Compositional expressions not only enable
reuse of existing ontology codes to define new domain
concepts, but also provide an automated mechanism for
QA of terminological annotations for CDEs.
Figure 1. System Architecture

We designed a compositional expression pattern
based on a version of SNOMED CT observable model,
which is used to represent the data structure of a data
element concept (i.e., the meaning of data element)
informed by the ISO/IEC 11179 metadata standard.
Leveraging the existing Semantic Web tools, we
demonstrated that the post-coordination approach
could enable an effective and automated mechanism in
detecting potential CDE modeling errors and duplicate
CDEs.
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