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A6$(rac(— Current research in oncology, require the involve­
ment of several institutions participating in clinical trials. 
Heterogeneities of data formats and models require advanced 
methods to achieve semantic interoperability and provide sus­
tainable solutions. In this held, the E U funded I N T E G R A T E 
project aims to develop the basic knowledge to allow data 
sharing of data from post-genomic clinical trials on breast 
cancer. In this paper, we describe the procedure implemented 
in this project and the required binding between relevant 
terminologies such as S N O M E D C T and an H L 7 v3 Reference 
Information Model (RIM)-based data model. After following the 
H L 7 recommendations, we also describe the main issues of this 
process and the proposed solution, such as concept overlapping 
and coverage of the domain terminology. Despite the fact that 
the data from this domain presents a high level of heterogeneity, 
the methods and solutions introduced in this paper have been 
successfully applied within the I N T E G R A T E project context. 
Results suggest that the level of semantic interoperability 
required to manage patient data in modern clinical trials on 
breast cancer can be achieved with the proposed methodology. 

I. INTRODUCTION 

Current clinical trials require the participation of multiple 
institutions, largely due to novel molecular variables intro­
duced in the process. The management of such heteroge­
neous information has produced new challenges in the area, 
related to the management of information, during the last 
years [1][2][3]. Semantic technologies and related research 
are focused, among other issues, on allowing contextualized 
retrieval of information instead of just performing exact or 
similar match queries. Due to the lack of widely adopted 
standards and the complexity of patient and clinical trial 
data, such semantic capabilities are essential to ensure the 
sustainability of data management in current multi-centric 
clinical trials. Otherwise, final users would need to know 
every model and data format of institutions participating in 
the study. 

The E U funded I N T E G R A T E project: Driving excellence in 
integrative cancer research [4] aims to develop innovative 
infrastructures to enable data and knowledge sharing and to 
encourage large scale collaboration in biomedical research. 
Such infrastructure should provide semantic interoperability 
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capabilities to gather multi-scale biomedical data within post-
genomic clinical trials [5]. To provide a semantic interoper­
ability layer, the ñrst step is to use a C o m m o n Data Model 
( C D M ) to represent the data. It should allow the use of 
multiple established terminologies to build a core concept 
dataset as the shared vocabulary. In the I N T E G R A T E project, 
the C D M developed to represent the information has been 
based on the H L 7 Reference Information Model [6], and the 
core concept dataset [7] is mostly composed by S N O M E D 
C T [8]. 

II. B A C K G R O U N D 

The HL7 Version 3 Reference Information Model (RIM) 
[6] provides an abstract model for representing health related 
information. The aim of H L 7 R I M is to build interoperabil­
ity messages to communicate among information systems, 
including classes with sets of attributes associated by rela­
tionships. H L 7 R I M provides the representation capability 
required to store complex, multi-scale and heterogeneous 
information, such as breast cancer patient data enrolled on 
clinical trials. In this case, we used only a subset of the R I M 
for the I N T E G R A T E project C D M . 
Besides S N O M E D CT, the core concept dataset also includes 
some domain specific terminology concepts such as L O I N C 
[9] for laboratory tests and H G N C [10] for gene names. 
S N O M E D C T (Systematized Nomenclature of Medicine -
Clinical Terms) is a logic-based health care terminology. It 
provides over 310,000 concepts and over 1,300,000 relation­
ships between them. It is organized following a structure 
of is_a relationships (e.g. Allergic asthma is_a Asthma), 
allowing the composition of new concepts by the post-
coordination mechanism [8]. 

Once the core concept dataset and the C D M have been 
selected, the corresponding mappings are required to link 
core concept dataset to the C D M , i.e. terminology binding 
[11]. The terminology binding defines which concepts, from 
different vocabularies, can be stored in a given field in the 
model, in order to build a common representation of the 
information. For example, Asthma is stored in Observa-
tion.code in the R I M model, where Observation is the class 
and code is the attribute. Main classes and its attributes where 
concepts could be stored are shown at Table I. 
In this process, and for the S N O M E D C T vocabulary in the 
I N T E G R A T E project, the common representation of such 
concepts is the S N O M E D C T Normal Form [12] which 
simplifies the binding between these concepts and the R I M 
as specified by H L 7 recommendations [13]. 



TABLE I 
CLASSES AND ATTRIBUTES PROM RIM 

Class 
Entity (Device, Material, Person, ...) 

Procedure 

Observation 

Substance Administration 

Attribute 
Code 
Code 

targetSiteCode 
methodCode 

approachSiteCode 
Code 

targetSiteCode 
methodCode 

Code 
targetSiteCode 
methodCode 

approachSiteCode 

III. M E T H O D S 

In the process of managing data from breast cancer clinical 
trials, data from different and heterogeneous sources have 
to be integrated. It is required to provide a homogeneous 
interface, where all the data can be accessed. In order to 
match data coming from different applications and databases 
it is essential to represent all data using a canonical or normal 
form. Using the S N O M E D C T normal form standardizes the 
storage and retrieval of pre and post-coordinated expressions 
from clinical records in the model. The normalization of a 
given S N O M E D C T concept also simplifies the implementa­
tion of the H L 7 recommendations. Concepts are transformed 
into a normal form that can be used to bind data to the data 
model according to H L 7 guidelines to achieve such binding, 
but it also presents some open issues. The original termi­
nologies are annotated with the associated R I M classes and 
stored using an ontology representation language (Ontology 
W e b Language - O W L ) . This information is afterwards used 
to expand and execute queries in the integrated repository. 

A. SNOMED CT A b n W form 

A normal form is a view that can be generated for any 
valid expression by applying a set of logical transformation 
rules [12]. A concept may be labeled either primitive or fully-
deñned. A concept is primitive when its roles and parents do 
not fully express its meaning. Primitive concepts do not have 
the unique relationships needed to distinguish them from 
their parent or sibling concepts. Fully defined concepts can 
be differentiated from their parent and sibling by the meaning 
of their relationships. One of the main characteristics of 
S N O M E D C T data in normal form is that all the concepts 
from the resulting expression will be primitive. There are 
two distinct normal forms. 

. The long normal form states all the attributes that can 
be inferred from concepts referenced by the expression. 

. The short normal form enables more efficient retrieval 
testing due to fewer conditions, as the attributes do 
not include those from the closest primitive. However, 
there is no loss of specificity because any candidate 
that fulfills the conditions of the short normal form 
inevitably fulfills the conditions of the long normal 
form. 

During the process described in this work, the use of the 
short normal form has been selected as it maintains all the 
information needed in a shorter form facilitating the binding 
of S N O M E D C T with the H L 7 model. 
A n expression in S N O M E D C T short normal form can be 
basically divided in two parts: 

. Focus concepts: The closest primitive super-types of 
the concept to normalize. 

. Refinement: The denning relationships of the concept. 
These relationships can be grouped into zero, one or 
more role groups. These role groups were created to 
clarify expression by allowing to group relationships 
in a more readable form. However, the presence of 
those role groups is not required in the process of 
the terminology binding; only the information of the 
relationships is required. 

The refinement is formed by a series of attribute-value pairs 
where attribute is the type of relationship and value must be 
another normalized expression (nested expression). 

B. # ¿ 7 TeyTMmobgy B W m g fo S N O M E D C T 

The current domain vocabularies of the I N T E G R A T E 
project, that are being used for semantic representation of 
concepts, are S N O M E D C T and LOINC. Both terminologies 
are enriched with information from H L 7 recommendations, 
gathered into a common O W L file, and finally stored into a 
semantic repository (i.e. S E S A M E [14]). A script to generate 
the O W L is already provided by the S N O M E D C T owners 
but a few modifications were necessary in order to facilitate 
the retrieval of the storage information in H L 7 and to include 
the L O I N C terminology. The most important modification 
is the inclusion of the class and attribute from the R I M 
model where each concept should be stored. That is, the 
information provided by the terminology binding process. 
Another transformation introduced by this process is the 
inclusion of the L O I N C terminology in the resulting O W L . 
The main relationships of each concept are stored with the 
concept itself, thus a new declaration of relationships is 
needed. Due to the nature of the L O I N C vocabulary, all the 
concepts can be established to be Observation.code in the 
terminology binding process. 

The process of calculating the class and attribute of each 
concept uses the default version of the S N O M E D C T O W L 
to get the required information from the terminology. After 
that information has been obtained, the modified O W L can be 
created. The existing overlaps indicated by H L 7 recommen­
dations, must be solved as well as the semantic contradictions 
between an expressive S N O M E D C T vocabulary and the 
H L 7 RIM. The information that a S N O M E D C T concept 
can express and how it is stored, according to the H L 7 
R I M model, necessarily requires a linkage method between 
objects that each part contains. 

Once the normal form is obtained, and therefore the infor­
mation implicit in the concept can be retrieved, a binding 
process is needed to store each piece of information keeping 
the semantic properties of S N O M E D CT. There are cases 
where a concept is related to more than a single class 



Fig. 1. Binding of S N O M E D CT concepts with HL7 RIM classes 

from the RIM model. This issue is called overlap and the 

results of the analysis earned out by (his work show how 

this overlapping can be solved. In addition, S N O M E D C T 

use many types of relationships, the most common are the 

is_a relationships that establish a hierarchy between the 

S N O M E D C T concepts. But there are also other types such 

as Finding Site, Method, Associate Morphology, Part of, 

etc. Some of (hese relationships are considered by the 

HL7 recommendations, although there are others that are 

not included. When relationships not present at the HL7 

recommendations appear in a normal form, a location in the 

RIM model is not automatically set and must be established 

through an analysis of (he relationships and its occurrences 

in the S N O M E D C T terminology. 

IV. R E S U L T S 

By using (he previous methods in (he process,we carried 

out an analysis of S N O M E D C T and H L 7 RIM binding to 

achieve semantic interoperability on breast cancer clinical tri­

als. Some of the most important issues found in this analysis, 

were the overlapping during the mapping of S N O M E D C T 

Concepts into the RIM model. The proportion of concepts 

for each RIM class can be observed on Fig. 1. Note that this 

graph is just indicative in the proportion of concepts for each 

class. It shows the percentage of concepts for each main R I M 

class, including overlapping concepts between the different 

classes and attributes found (for example (he methods are 

(he same for Procedures and Observations). 

The study of the S N O M E D C T Terminology and its 

binding with the RIM model showed that a set of concepts 

could be stored in multiple places in the model. These 

overlaps have been also mentioned in the Normal Form to 

HL7 section. An analysis revealed around 20K overlaps, the 

origin of most of these overlaps can be seen on Table II. On 

(he other hand 247683 concepts don't have any overlap. 

In fact, every overlap found is produced due to some of 

the parents of the concept. This parents may belong to an 

HL7 RIM class but a supperior parent (and it's offspring) 

TABLE II 

OVERLAPPINGS OF SNOMED CT CONCEPTS MAPPED TO HL7 CLASSES 

HL7 Classes Overlap 
Procedure-Observation 
Procedure-Subs. Admin 

TOTAL 

# S N O M E D C T concepts 
17.463 
2.029 
19.492 

belongs to another. This creates a double possibility in 

the offspring of the ñst concept. For example, Evaluation 

Procedure and its entire offspring are Observation in the RIM 

model. However, Procedure, which is parent of Evaluation 

Procedure, belongs to the Procedure class from the RIM. The 

adopted solution was to select the more specific classes from 

(he sub-tree so the overlapping is resolved as an Observation. 

Overlaps between Procedure and SubstanceAdministration 

are analogous, but in this case, the sub-tree is Administration 

of substance which is mapped to SubstanceAdministration 

despite this S N O M E D C T concept and all its offspring are 

a sub-tree of Procedure. 

A . W O M E D C T A W W form aforage on # ¿ 7 - 6 a W C D M 

The S N O M E D C T normal form may also produce ad­

ditional overlappings when mapping to HL7. The focus 

concept of (he normal form in some cases belongs to a 

different branch of S N O M E D C T that correspond to another 

HL7 class. The focus concept is frequently considered to 

decide (he H L 7 class, however if (he focus concepts belongs 

to a different HL7 class this may be misleading. To solve 

(his issue, it was decided to use the original concept (not 

normalized) to set the HL7 RIM class, and in case it is not 

defined, (hen use the focus concept to set it. There are also 

concepts that are linked by recommendations to the HL7 

RIM-based model, but are usually involved in a relationship 

on the normal form whose type establishes the attribute in 

the model. In that case, to obtain the class of the HL7 RIM, 

the focus concept should be used. For example: 

Sodium Measurement 

Focus Concept = Procedure 

Relationships = 

Component = Sodium 

Method = Measurement-action 

In this example, Measurement action does not belong to 

any RIM class but the relationship type (method) sets that its 

attribute is methodCode. To obtain the corresponding class, 

the original concept (Sodium Measurement), and the corre­

sponding R I M class (Observation) have to be considered. 

With those pieces of information, Measurement action can 

be linked to Observation.methodCode in the given example. 

Issues related to relationships of S N O M E D C T that are not 

included within the HL7 recommendations, and consequently 

do not have an HL7 RIM class associated, have been also 

analyzed. In order to store all the information that contains 

those relationships, the sixty different attributes present at 



Fig. 2. Binding of the S N O M E D CT subset of concepts used in clinal 
data from the INTEGRATE project with HL7 RIM classes 

the refinements have to be also allocated within the C D M 
and stored in a database following that C D M . 

C. Coverage qfBreaaf Cancer Azfienf Dafa 

With the proposed approach of HL7 RIM-based C D M 
and the core dataset containing S N O M E D C T and LOINC 
terminologies, data available within the INTEGRATE project 
about breast cancer patients was coded and analyzed. The 
format of the data in its origin was H L 7 v2 and v3 messages 
which were loaded into the C D M through an ETL process. 
The data includes around 2,500 acts performed to patients 
on clinical trials. The distribution of the data applying the 
proposed methods is shown on Fig. 2. By applying the 
normalization described above and the terminology binding 
to each piece of data from clinical trials at the INTEGRATE 
project framework, the proposed approach stores into the 
H L 7 RIM-based C D M , the corresponding S N O M E D C T 
and LOINC information as presented on Fig. 2. Every act 
concept is therefore expanded; the corresponding implicit 
information extracted and finally stored into the C D M . Such 
process allows the applications of the project, and research 
institutions to retrieve information not just by an act concept, 
but contextualized with all the information inherent to the 
specific concept. 

V. C O N C L U S I O N S 

In this paper we have described and analyzed the mech­
anisms proposed to supply a terminology binding between 
S N O M E D C T and other terminologies as LOINC with the 
HL7 R I M model. The majority of the conflicts are related 
to overlapping introduced by H L 7 R I M and S N O M E D C T 
structures, and the lack of mappings for certain concepts 
and relationships. This work proposed a solution for each 
issue and it has been tested during the development of 
the INTEGRATE E U project in order to provide semantic 
interoperability for clinical trials in breast cancer context. 
There are still some challenges and limitations to address 
in order to achieve the main objective at the level of the 
terminology binding mainly related with the mapping of the 
relationships present in the normal form into the HL7-based 
C D M but the results of applying this methods until now 

suggests that this work may be done with an analysis of 
those relationships. 
Methods can be extended to provide semantic interop­
erability not only to oncology-related clinical trials, but 
other areas that require similar solutions. The gathering of 
complex, highly heterogeneous and multi-scale data from 
post-genomic cancer patients is one of the main existing 
challenges to ensure the success of clinical trials in modem 
oncology. However, this challenge can be solved by the ter­
minology binding of S N O M E D C T and H L 7 RIM explained 
in this paper. 
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