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a  b  s  t  r  a  c  t

Background and objectives: Post-genomic clinical trials require the participation of multiple

institutions, and collecting data from several hospitals, laboratories and research facilities.

This  paper presents a standard-based solution to provide a uniform access endpoint to

patient data involved in current clinical research.

Methods: The proposed approach exploits well-established standards such as HL7 v3 or

SPARQL and medical vocabularies such as SNOMED CT, LOINC and HGNC. A novel mech-

anism to exploit semantic normalization among HL7-based data models and biomedical

ontologies has been created by using Semantic Web technologies.

Results: Different types of queries have been used for testing the semantic interoperability

solution described in this paper. The execution times obtained in the tests enable the devel-

opment of end user tools within a framework that requires efficient retrieval of integrated

data.

Conclusions: The proposed approach has been successfully tested by applications within the

INTEGRATE and EURECA EU projects. These applications have been deployed and tested

for: (i) patient screening, (ii) trial recruitment, and (iii) retrospective analysis; exploiting

semantically interoperable access to clinical patient data from heterogeneous data sources.

©  2015 Elsevier Ireland Ltd. All rights reserved.

1.  Introduction

Current oncology research aims to translate the explosion of
genomic research results into clinical practice. Molecular tests
are being introduced in modern clinical trials, increasing the
potential number of variables and trials [1]. The participation
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of multiple institutions and semantic interoperability has
become therefore essential for the feasibility and sustaina-
bility of post-genomic clinical trials.

Although different types of semantic interoperability have
been defined in the literature [2], two main topics from previ-
ous initiatives in the area has been considered in this work: (i)
different data models – such as the HL7 Reference Information
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Model [3], Informatics for Integrating Biology and the Bed-
side (i2b2) [4], Observational Medical Outcomes Partnership
(OMOP) [5] or CaGRID [6] – and (ii) different vocabulary repre-
sentations – such as SNOMED CT [7], LOINC [8], HGNC [9], ICD
[10], or NCIt [11] – of legacy systems from institutions involved
in the same trial. These challenges were identified by ana-
lyzing data sources available in the EU projects INTEGRATE:
“Driving excellence in integrative cancer research” [12] and EURECA:
“Enabling information re-Use by linking clinical Research and CAre”
[13]. In practice, such heterogeneities are solved mainly man-
ually and involve a significant amount of the clinical trial
information management costs.

This paper proposes a novel semantic interoperability
approach based on interoperability standards and vocabu-
laries [14]. A binding process has been created in order to
automatically relate terminologies with data models [15].
While a solution leveraging on the latest semantic tech-
nologies and normalization procedures following HL7 and
SNOMED CT recommendations has been implemented [16].
The proposed solution is based on a modular service-oriented
architecture to provide a homogeneous patient data endpoint.
Regarding the architectural approach, we have discarded a
solution that completely relies on query translation, to avoid
performance issues and to facilitate complex data transforma-
tion required in the biomedical domain [2]. Previous initiatives
also provide a common data model [4–6] that can be deployed
in different instances, but sharing query mechanisms and
applications.

The main contributions of this work are: (i) an automatic
mechanism to bind biomedical vocabularies and data models,
solving vocabulary overlapping issues among others; and, (ii) a
normalization mechanism implemented within performance
boundaries suitable for multi-centric clinical trial scenarios.
The proposed semantic interoperability layer has been tested
by application prototypes that homogeneously access clini-
cal data within INTEGRATE and EURECA projects. Concretely,
for three main scenarios: (i) patient screening, to find the
optimal trial that best fits the needs of a given patient, (ii)
trial recruitment, where the aim is to find suitable patients
for a given clinical trial. Both patient screening and trial
recruitment scenarios share technical use cases that need to
match clinical data of patients with eligibility criteria. And
finally, (iii) the retrospective analysis of multiple clinical tri-
als requires the definition of patient cohorts for further study,
addressing important data sharing challenges [17]. In addition,
such scenarios require the exploitation of knowledge stored
in biomedical vocabularies, mainly by relationships among
concepts. Therefore, based on existing standards, we have
introduced Semantic Web technologies to extract such knowl-
edge, exploited afterwards in clinical data retrieval.

2.  Methods

The proposed solution aims to homogenize shared infor-
mation from Clinical Trial Management Systems (CTMS),
Laboratory Information Management Systems (LIMS) and
Electronic Health Record (EHR) systems among others. A Com-
mon  Information Model (CIM) is therefore required to provide
a semantic interoperability layer across systems. As depicted

Fig. 1 – Main components of the proposed semantic
interoperability layer.

in Fig. 1, two main components were created within the CIM:
(i) the Common Data Model (CDM) and (ii) Core Dataset.

The CDM is the structure and concepts required to homog-
enize ad-hoc data models of information systems from
different institutions – or even in departments of the same
organization. Built from subsets of clinical terminologies that
fully represent different data sources and scenarios [25], the
Core Dataset includes such concepts relationships among
them. Finally, the Terminology binding is necessary to define
relations between the CDM and the Core Dataset.

As it is depicted in Fig. 1, CDM is populated from hetero-
geneous databases using Extract, Transform and Load (ETL)
processes. These transformations processes are explained
elsewhere [14].

2.1.  Common  data  model

The main requirement for the CDM is that any data source
from clinical institutions must be able to be efficiently repre-
sented – in performance and usability terms. The HL7 version
3 Reference Information Model (RIM) has been selected as the
foundation of the CDM. The HL7 RIM offers a wide coverage
for representing clinical data and has proven useful for clinical
information exchange [3]. Moreover, built-in tools from legacy
systems, or open source HL7 mapping tools – such as Mirth
Connect [18] – for generating HL7 v3 messages can be used.

Although the RIM is the core element of the HL7 v3
standard, it is not a definition of a database structure but
an object model. Due to the coverage of the RIM – that also
includes specification for messaging, financial data, imaging
data, etc., only some RIM classes have been implemented to
represent patient clinical data of breast cancer clinical trials:

• Act, with the sub-classes Observation, Procedure, Substance
Administration, and Exposure.

• Role
• Entity, with the sub-classes Living Subject,  Person,  and Device

Two main relationships classes from the RIM were also
required:
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