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Abstract—Patients often want to participate in relevant clinical trials for new or more effective alternative
treatments. The clinical search system made available by the NIH is a step forward to support the patient’s
decision making, but, it is difficult to use and requires the patient to sift through lengthy text descriptions for
relevant information. In addition, patients deciding whether to pursue a given trial often want more
information, such as drug information. Our overall aim is to develop an intelligent patient-centered clinical
trial decision support system. Our approach is to integrate Open Data sources related to clinical trials using
the Semantic Web’s Linked Data framework. The linked data representation, in terms of RDF triples, allows
the development of a clinical trial knowledge base that includes entities from different open data sources and
relationships among entities. We consider Open Data sources such as clinical trials provided by NIH as well as
the drug side effects dataset SIDER. We use UMLS (Unified Medical Language System) to provide consistent
semantics and ontological knowledge for clinical trial related entities and terms. Our semantic approach is a
step toward a cognitive system that provides not only patient-centered integrated data search but also allows
automated reasoning in search, analysis and decision making using the semantic relationships embedded in
the Linked data. We present our integrated clinical trial knowledge base development and a prototype,
patient-centered Clinical Trial Decision Support System that include capabilities of semantic search and query
with reasoning ability, and semantic-link browsing where an exploration of one concept leads to other concepts
easily via links which can provide visual search for the end users.
Keywords—semantic web; Linked Open Data; clinical trials; knowledge representation

INTRODUCTION
Clinical trials are important, not just to researchers testing new treatments, but also to patients with serious
diseases. In today’s world in which patients take greater charge of their own health, it is common for patients
to search the Internet for relevant clinical trials. In fact, the NIH makes all of its trials available on
ClinicalTrials.gov for exactly this purpose. However, the task of sifting through lots of clinical trial
descriptions to find the most appropriate one can be onerous [1]. There is a great need for developing a health
knowledge repository that links different data from different sources scattered on the Web, with semantic
relationships between data [36]. The semantic representation with explicit relationships can provide a system
with intelligence, such as automated reasoning and search in supporting patient’s decision on the clinical
trials. The proposed system thus requires an interdisciplinary approach of Cognitive Informatics [35] that
covers the areas of information modeling, of cognitive processes of human brain, and medical decision
making.
I.

Our overall aim is to build this kind of cognitive information processing system that allows patients to
search open clinical trial information that returns only the trials that best fit a patient’s characteristics and
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information needs. In this paper, we focus on developing the clinical trial knowledge repository, which uses
a Linked Open Data model to pull together data, both from the clinical trials and from other related datasets;
in particular, side effect information. In this paper, we will give an overview of the architecture of this
system, and then show how the ontology-based knowledge representation allows patients to view side effect
information for treatments mentioned in particular clinical trials.
Patients and their caregivers search for clinical trials differently than physicians do. Patients typically do
not have their own electronic health record (EHR), but often have a good recollection of their past treatments.
If they moved between institutions during treatment, their knowledge may even be better than that in any one
institution’s records. The typical questions that patients may ask regarding the clinical trials include:
What are the possible interventions that I might receive during the trial?
 What are the possible or known risks or side effects of this trial?
 Will the drugs I am taking have any negative interactions with one given in the trial?
 What tests and procedures are involved?
 Am I eligible to participate in this trial?


Patients’ concern with side effects of treatments in a trial is shown in a very common query on patientfocused cancer discussion boards: “I am considering trial XYZ – can anyone let me know what the side
effects are?” In order to answer some of these questions, the clinical trial data should be integrated with other
data sources that represent drugs and their side effects or drug-drug interactions. Patients may also be
intimidated by the need to read lengthy text-based descriptions of eligibility criteria and the need to type in
search terms in text boxes [1]. Thus, a search tool aimed at patients should not only answer these patientoriented questions, but rely on a more text-based interface without precise medical terms. By gaining insight
into the cognitive process that a patient or caregiver goes through when searching for suitable clinical trials,
we can better serve their needs. Rather than a patient having to repeat tedious steps on a variety of web
resources, we can model this cognitive task in a comprehensive, connected, and guided system.
Our research develops a semantic web-based knowledge representation that integrates information about
clinical trials from a number of Linked Open Data sources, in particular LinkedCT [19], a collection of
clinical trials, and SIDER, a dataset that relates treatments to side effects. A semantic web knowledge
representation is a powerful combination of web-based technologies with a graph-based knowledge
representation known as the Resource Description Language or RDF [29]. This representation will be
described more fully in Section III. Linked Open Data (LOD) is an approach to publishing, sharing, and
linking datasets on the web using semantic web methods such as RDF and URIs, with the idea that
information in these datasets can be easily queried and combined for new purposes [23]. These
representations are augmented by linking medical concepts to UMLS (Unified Medical Language System) [2]
concepts, to enable more powerful queries over the clinical trial information.
The paper is organized as follows. Section II surveys the related work on clinical trial search and current
practices that identify the research issues involved. In Section III, we present the data sources we used for
integrated search, and Section IV presents the data model of the Linked Data and the RDF representation of
the integrated data sources. We present the prototype system architecture and components in Section V,
followed by conclusions and future work in Section VI.
CURRENT APPROACHES TO CLINICAL TRIAL SEARCHES
Because the development of more effective search technology over clinical trials is so important, for both
clinicians trying to accrue enough patients into a trial and for patients or their families who may be searching
for the best clinical trial for their situation, there are quite a few researchers looking at the problem. For many
years, clinical trial information in the United States was scattered across a number of websites, and made
II.
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available in HTML or PDF format, which is difficult to search. However, ClinicalTrials.gov was established
by Congress in 1997 to make it easier for people to find trials, and by 2007, most non-phase 1 drug and
interventional studies were included [3]. This site uses XML to represent the information in each trial
description, with links to MESH terms, making automated searches far easier.
Most of the work centered on matching patients to trials has focused on the provider side of the equation,
seeing the problem as one of automatically locating patients via electronic medical records that can be
accrued onto a trial. The projects described by [4][12][14][15][16][15] are all examples. However, as noted
above, patients and their caregivers also search for trials that match their own situation. Fewer researchers
have focused on this scenario. Atkinson [1] reviewed a number of patient-oriented clinical trial search sites
for usability, finding most of them difficult to use. An example of a system designed for patients is
BreastCancerTrials.org [18], which was designed so that breast cancer patients could easily find clinical trials
based on personal medical information entered by the patient. The OncoDoc system [6] mentioned earlier
was also aimed at breast cancer patients and used a decision tree to guide the patients to selecting the best
trial. Finally, the TrialX [19] site is also patient-focused, using patient data entered in Microsoft Health Vault
to match against trials.
There are key differences between a system aimed at providers who need to accrue patients onto a trial,
and a system aimed at patients who are searching for a relevant trial. Providers who are accruing patients are
typically searching over the space of patient medical records within an institution. An example of this can be
seen in [4] which describes a system that searches the electronic medical records of cancer patients at a
cancer center for matches to a specific trial. Such systems need to automate the matching process since they
are typically searching over a large number of patient records. A patient searching for trials, however, is
usually searching based on his or her condition, which will typically result in a smaller number of results
which can be then read by the patient. However, patients usually are interested in further information about
the trial, such as locations, potential side effects (especially those which might limit participation in further
trials), and whether the trial is currently accruing patients. A system which can integrate information on the
trial from several sources, and which can highlight key information, allowing easy navigation, is more
important to patients.
One problem is that significant parts of each trial description are still in free text; most notably the detailed
description and the eligibility criteria. Furthermore, the language and formatting used in these sections is
highly variable. Some studies divide eligibility criteria into separate inclusion and exclusion sections, or list
each criterion on its own, bulleted line. Other trials simply list all criteria in one huge paragraph.
The eligibility criteria, however, are one of the most important factors when trying to decide if a particular
trial is right for a patient. Typical criteria include factors such as patient age, pregnancy, tumor staging,
existence of other conditions, and prior treatments. For example, trial NCT00945009, which is aimed at
children with Wilms Tumor, stipulates that patients cannot have undergone nephrectomy at diagnosis, not be
pregnant or nursing, and must have total bilirubin ≤ 1.5 times upper limit of normal for age. A clinician
deciding which of his patients might be eligible, or a parent searching for the best treatment for his child
would need to look at each criterion in turn to decide if the trial is a good fit or not. Thus, being able to
search the eligibility criteria is a key feature and the focus of much research.
Systems aimed at providers need to automate matching of eligibility criteria to patient characteristics as much
as possible since they must deal with a large number of patient records. Thus, many researchers are currently
trying to solve this problem. One approach avoids the problem of free text by providing a structured language
for trial designers to use when specifying a trial. Examples of this include a system for automating selection
of patients for trials [4] which requires criteria to be entered in a logical language, a system that represents
eligibility criteria as DL queries [5], and OncoDoc which represents eligibility criteria as nodes in a decision
tree [6]. An example of a hybrid system is RuleEd [7] which is an editing environment in which clinicians
enter eligibility criteria in free text. The text is parsed, and then the clinician works with this representation to
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create a logical representation. Tu [8] reports on another system that semi-automates the translation of free
text to a structured representation, in this case the ERGO language.
The second approach is to automate the process of translating the free text to a logical language.
Researchers that are looking at the problem of completely automating the translation of eligibility criteria to a
structured representation are mainly looking at small parts of the problem. For example, Luo et al [9][11]
have investigated several components of the problem, including an algorithm for automatically inferring the
semantic categories of eligibility criteria, the identification of Common Data Elements in eligibility criteria
among multiple clinical trials studying the same disease, and the identification of temporal constraints. In
another project, Lonsdale et al [12] used a set of clinical trials that had fairly structured free text criteria,
extracting the criteria first into XML and then into a logic-based language. Milian, Bucur, and van Harmelen
[13] present an approach which combines the idea of a structured language for specifying eligibility criteria
at trial design time with the idea of mapping the free text to a logical language. In their approach, a library of
eligibility criteria represented as an ontology is built by scanning the clinical trials in ClinicalTrials.gov and
extracting the free text eligibility criteria.
Automated translation of free text in clinical trial descriptions, if ever solved, has the significant advantage of
working with the large body of already written clinical trials, and does not require trial designers to learn a
new way of entering trial specifications. However, this seems to be a problem that is not going to be solved
soon. Since our system is oriented towards patients, fully automated matching of eligibility criteria to the
patient record is not as critical. Therefore, our approach will be to simply identify the important keywords in
the eligibility criteria, associating them with their UMLS concepts to make it easier for users to quickly
identify trials that eliminate participants based on, for example, a particular prior treatment. We believe this
will be enough to guide patients and prevent them from having to sift through lengthy eligibility criteria
descriptions.
LINKED OPEN DATA
Linked Open Data utilizes RDF to describe data resources in a directed graph type of knowledge
representation. This knowledge representation describes the link between information within a resource, as
well as links to information located in external resources. This enables the cognitive properties of the
information to be represented and queried. The SPARQL query language is designed to perform semantic
queries on this knowledge representation by applying graph pattern matching between the query provided
and the knowledge-based graph representation of the resource(s).
III.

The registry of clinical trials housed at ClinicalTrials.gov [3], which is maintained by the National Library
of Medicine (NLM) at the National Institutes of Health (NIH), serves as an online portal with information on
clinical studies concerning a wide range of conditions that are conducted worldwide. Linked Clinical Trials
(LinkedCT) is a semantic web resource of clinical trial data that can be semantically queried and provides
links to external medical data sources Error! Reference source not found.. LinkedCT obtains its clinical trial
dataset from ClinicalTrials.gov, and transforms this semi-structured data into RDF format. The clinical trial
data in LinkedCT is continuously updated with new entries obtained from ClinicalTrials.gov. A valuable
feature of LinkedCT is that it links conditions, interventions, trials, and references to related pages in other
sources [20], such as DBpedia, Diseasome, DrugBank, DailyMed, ClinicalTrials.gov, and Bio2RDF’s
PubMed. Of course, since all of these data sources may have different identifiers and names for an entity,
exact string matching will not be sufficient in locating all links to related information. To resolve this issue,
LinkedCT utilizes approximate string matching and semantic matching to find related terms. Diseases and
drugs may be referred to with different names across data sources. For example, the term “Heart Attack” may
be used in one space, and “Myocardial Infarction” in another. In order to recognize that these two terms refer
to the same concept, the NCI thesaurus is used to discover ontological relationships.
One of our goals is to facilitate a search on clinical trials that will be enhanced by including side effect
information for drugs involved in the interventions of each clinical trial. Identifying potential side effects that
may result from drug treatment is of great concern to potential clinical trial participants. We utilize a side
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effect resource (SIDER) that contains drugs and their associated adverse drug reactions [21]. The data source
was built from package inserts from multiple entities, including the US Food and Drug Administration
(FDA). SIDER, in its current version, contained 996 drugs, 4192 side effects, and 99423 connections
(http://sideeffects.embl.de/). The side effects come from a wide range of type, severity, and extent.
Applications and research in many fields, including biomedical and healthcare, can be greatly enhanced if
data from various sources can be accessed and connected. Linked Open Data (LOD) is based on using the
Semantic Web to create links between resources (structured or unstructured) that may be housed in any
geographic location and maintained by different organizations [20][21]. Publishing and accessing Linked
Data is done according to Linked Data principles, as defined by Berners-Lee [22], which involve using URIs
(Uniform Resource Identifiers) for names, HTTP URIs to make these names accessible, providing relevant
information using RDF and SPARQL standards, and including links to other URIs that contain useful
information. RDF (Resource Description Framework) is used to describe and model the information of a web
resource. The Linking Open Data (LOD) project [31] focuses on publishing publicly available data sets as
linked data by converting them to RDF, utilizing the LOD standards, and connecting them to other data sets
on the Web. There is an enormous amount of data in the life science and health domains that are housed in
various organizations and in a variety of formats. Researchers can benefit from the ability to access, query,
and make connections between these data sets, for example, relationships between genes, pathways and
interactions, diseases, and drugs. The Linked Life Data platform interconnects over 20 data sources and
enables users to perform semantically meaningful queries [23].
RDF [29] and SPARQL [30] are standards used throughout semantic web applications, including of
course, Linked Open Data. The RDF standard represents information as a labeled directed graph. A concept,
referred to as a resource, is linked to other concepts and properties via edges, leading to a representation
based on triples: Subject-Predicate-Object, where each component is a resource identified by a Uniform
Resource Identifier (URI) or a data literal such as a string. For example, the following two triples assert that
there is a resource person#1233 named Bonnie MacKellar who is in the CUS department.
<ourdirectory:person#1233> <foaf:name> <”Bonnie MacKellar”>
<ourdirectory:person#1233> <ourdirectory:dept> <”CUS”>

The “foaf” alias refers to a URI for FOAF which is a popular ontology describing people and relationships
[32]. SPARQL is a query language for data represented in RDF, which uses graph matching in order to
retrieve results. A simple query might be
SELECT ?d
WHERE ?p <foaf:name> “Bonnie MacKellar”.
?p <ourdirectory:dept> ?d.
This would return d=”CUS”, in other words, the department for Bonnie MacKellar. The query consists of

the SELECT clause which specifies the results to return, and a WHERE clause which describes a graph
pattern to match. The variable ?p will be bound to resources that match both triple patterns, and ?d will be
bound to the subject in the triple that matches ?p <ourdirectory:dept> ?d.
In order to permit inference, two more standards have been developed that permit metadata to be
represented: RDF Schema (RDFS) [33] and the Ontology Web Language (OWL) [34]. For example, RDFS
adds resources for describing type (rdfs:type) and subclasses (rdfs:subClassOf), thus allowing type inference
to occur. OWL is an extension of RDFS, permitting more complex type information to be specified, and is
widely used to represent ontological information. Thus, we could assert that
<ourdirectory:person#1233> <rdfs:type> <ourdirectory:employee>
<ourdirectory:employee><rdfs:subClassOf> <foaf:person>

which states that the resource person#1233 is an employee, which is a subclass of “person” in the FOAF
vocabulary.
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Queries can proceed across distributed documents, much as searches on the current Internet proceed,
leading to the ability to locate, retrieve, and integrate data which may exist on physically separate servers.
This is at the core of the Linked Open Data paradigm. There are, however, a number of issues that can make
data integration with LOD difficult. It is often difficult to understand a given dataset in the LOD cloud. The
same concept may have different representations in different schemas and names may not match exactly.
Data quality can be an issue since many of the datasets are converted into RDF using automated tools.
Querying across multiple remote servers can be slow, and unfortunately there can be issues with downtime of
endpoints. In order to minimize downtime and performance problems, we use a number of datasets from the
Linked Life Data platform. We downloaded the needed datasets and store them locally in a Sesame
triplestore.
A similar project [27] uses LOD as part of an RDF representation of electronic health record information,
permitting querying of the patient data to identify cohorts with particular conditions. That particular project
uses SIDER as well as some other LOD datasets, but does not work with clinical trials, nor is it integrated
with UMLS, choosing instead to use the LOD Translational Medicine Ontology. Mucke et al [8] developed
an RDF representation to model items in clinical trials, along with specifically developed OWL ontologies.
This system, however, did not reuse linked open data or concepts in UMLS.
IV.

KNOWLEDGE REPRESENTATION

Linked Knowledge Representation Model
In this section, we present our linked data model for the integrated clinical trial knowledge representation.
This semantic representation of this linked data model serves as glue between the various LOD datasets.
First, a conceptual view of the linked knowledge representation model is shown in Figure 1:
A.

Figure 1: Linked KR Model for Integrated Clinical Trial knowledge base

By linking clinical trial information and side effect information, we will be able to generate queries over
the knowledge base that answer many of the patient questions noted in the introduction.
In addition, the concepts or terms used in the linked data model are tied to UMLS concepts. The Unified
Medical Language System (UMLS) provides a thesaurus of medical concepts as well as mappings to other
controlled medical vocabularies. An implementation of the UMLS exists within the LOD cloud; however,
the resources used in LinkedCT do not link to the UMLS concepts. The side effect resources in SIDER
contain the concept identifiers (CUI) of the related UMLS concepts, but no direct RDF link to the UMLS
concept itself. There are significant advantages to integrating our linked data concepts with the UMLS, such
as consistent semantics among different data sources, and the type hierarchy-based reasoning capabilities.
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For example, if a given trial specifies as part of its treatment protocol “monoclonal antibody 3F8”,
integrating with UMLS gives us the knowledge that this concept has the type monoclonal antibody, and is a
component of the chemotherapy regimen betaglucan/monoclonal antibody (C1134652), a concept whose
semantic type is "Therapeutic or Preventive Procedure". This kind of reasoning capability will enhance the
non-exact queries by patients that will yield appropriate query results, even though the exact keyword match
does not exist. Therefore, our system adds explicit links between our resources and the associated UMLS
concepts.
Linked Data Implementation with RDF Triples
Here we describe the RDF triple implementations of the linked data model using various data sources.
The essential concepts in our linked data model are Treatment, SideEffect, and Clinical Trial. These tie
together the concepts in SIDER, LinkedCT, and UMLS. A group of examples formatted using RDF/XML,
follow in Figures 2, 3, and 5. This is for a clinical trial, NCT00697671, which is aimed at children with
Chronic Myelogenous Leukemia, Acute Lymphoblastic Leukemia, Juvenile Myelomonocytic Leukemia,
Myelodysplastic Syndrome, and Non-Hodgkin's Lymphoma (not all conditions are shown in the RDF below,
for brevity). The first resource shown, in Figure 2, is a treatment, Etoposide, which is connected to the
UMLS concept for Etoposide (C0015133). This treatment is used in the intervention protocol of the clinical
trial NCT00697671, which is represented by the <usedInIntervention> link. There is a basic difference
between the notion of an intervention and the notion of a drug. In LinkedCT, for example, there is a separate
intervention resource for every treatment protocol that uses a drug. For example, “Etoposide, 100 mg/m^2 IV
Daily Over 3 Hours x 4 Days” is an intervention in one clinical trial whereas “Etoposide, 40mg/m2, D1-4”
which is part of a different clinical trial, is represented as a different intervention. In our representation, the
Treatment resource represents one drug or procedure, rather than a protocol, and is also connected to possible
side effects.
B.

<rdf:RDF
<?xml version="1.0" encoding="UTF-8"?>
<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#">
<rdf:Description rdf:about="http:// trialbrowser/treatment1">
<rdf:type rdf:resource="http://linkedlifedata.com/resource/umls/id/C0015133"/>
<label xmlns="rdfs:">Treatment1 – Etoposide </label>
<name xmlns="http://trialbrowser:">Etoposide</name>
<closeMatch xmlns="http://www.w3.org/2004/02/skos/core#"
rdf:resource="http://www4.wiwiss.fuberlin.de/sider/resource/drugs/3310"/>
<usedInIntervention xmlns="http://trialbrowser/"
rdf:resource="http://data.linkedct.org/resource/intervention/23287"/>
<hasSideEffect xmlns="http://trialbrowser/"
rdf:resource="http://trialbrowser/sideEffect/sideEffect333"/>
</rdf:Description>

Figure 2: Example of Treatment1 - Etoposide
<rdf:Description rdf:about="http://trialbrowser/sideEffect/sideEffect333">
<rdf:type rdf:resource="http://linkedlifedata.com/resource/umls/id/C0036572"/>
<closeMatch xmlns="http://www.w3.org/2004/02/skos/core#"
rdf:resource="http://www4.wiwiss.fuberlin.de/sider/resource/side_effects/C0036572"/>
</rdf:Description>

Figure 3: Example of Side Effect triple in RDF
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Figure 4: RDF triple representation of Treatment Etoposide and the side effect

The second resource, shown in Figure 3, is a side effect of etoposide, seizures, which is connected to the
UMLS
concept
for
seizures
that
has
C0036572
as
its
concept
id
(http://linkedlifedata.com/resource/umls/id/C0036572) as well as to the SIDER side effect resource
(http://www4.wiwiss.fu-berlin.de/sider/resource/side_effects/C0036572). Note that although the SIDER
resource uses the UMLS Concept ID (C0036572), it is not the same resource, and has a different URI. All
side effects of a treatment that are present in SIDER are included. Figure 4 shows an easier-to-read graphical
representation of the RDF triple of Treatment1 linked with the SideEffect333.
The last resource, in Figure 5, is the clinical trial NCT0069767. This contains a link to the UMLS type
Clinical Trial (C0008976), to the LinkedCT resource for the clinical trial, to the UMLS concepts for the
conditions being treated in the trial, and for UMLS concepts listed in the eligibility criteria. This particular
trial mentions pericardial effusion, radiation therapy and chemotherapy in the eligibility criteria. After
tagging with MetaMap, we obtain the UMLS concept ids, which are used to generate the links shown below.
Although far more information is associated with a clinical trial, our representation does not need to include
this information because it is associated with the LinkedCT resource which is far more expansive. Figure 6
illustrates the interlinking of the clinical trial resource and its relationship with the three Linked Data datasets
LinkedCT, SIDER, and UMLS.
<rdf:Description rdf:about="http://trialsbrowser/trialNCT00697671">
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<label xmlns="rdfs:">TrialNCT00697671</label>
<rdf:type rdf:resource="http://linkedlifedata.com/resource/umls/id/C0008976"/>
<closeMatch xmlns="http://www.w3.org/2004/02/skos/core#"
rdf:resource="http://data.linkedct.org/resource/trials/NCT00697671"/>
<trialCondition xmlns="http://trialbrowser/"
rdf:resource="http://linkedlifedata.com/resource/umls/id/C1327920"/>
<trialCondition xmlns="http://trialbrowser/"
rdf:resource="http://linkedlifedata.com/resource/umls/id/C0751606"/>
<eligibilityCriteriaContains xmlns="http://trialbrowser/"
rdf:resource="http://linkedlifedata.com/resource/umls/id/C0807677"/>
<eligibilityCriteriaContains xmlns="http://trialbrowser/"
rdf:resource="http://linkedlifedata.com/resource/umls/id/C0805598"/>
<eligibilityCriteriaContains xmlns="http://trialbrowser/"
rdf:resource="http://linkedlifedata.com/resource/umls/id/C0031039"/>
</rdf:Description>

Figure 5: Example of Clinical Trial triple in RDF

Figure 6: RDF triple representation of Clinical Trial
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In order to generate the RDF triples in the knowledge representation, two main methods are used. Most of
the data can be retrieved via SPARQL queries. Whenever possible, direct links are used to tie together data,
but this is not always possible. SIDER has the UMLS concept IDs associated with side effect resources, so
these can be used to locate the actual UMLS resource and link it to our representation of the side effect.
However, SIDER does not list the UMLS concept ID for drugs, and LinkedCT does not use them at all. This
can be unreliable of course. The UMLS resource lists the alternative names used in the UMLS vocabularies.
For example, Etoposide is also known as Demethyl Epipodophyllotox in Ethylidine Glucoside in MESH, and
as EPEG in the NCI Thesaurus. Therefore, we can search all of the alternative names in order to determine
which UMLS concept is the matching one. If a match still cannot be made, the Metamap concept tagger [28],
which can identify matches to UMLS concepts in free text, can be used to locate the UMLS concept.
V.

SYSTEM OVERVIEW

Architecture of proposed system.
This section describes an overall architecture and the major components of the proposed system shown in
Figure 7. The prototype is implemented using a Sesame triple store and will have a Web-based interface for
the patients.
A.

The RDF triple generator uses an extractor component to generate the integrated linked data for
representing the clinical trials knowledge base for patient oriented search. The triples are stored in the
Sesame triplestore. The triples generated also use the external medical ontology, i.e. UMLS, to link the
extracted data with the medical concepts and type information.

Figure 7: Prototype System Architecture for Integrated Clinical Trial linked with other data sources

One of its chief tasks of the RDF triple knowledge representation generator is to discover related concepts
in the linked open data sets. These datasets are updated on a periodic basis, so our knowledge representation
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must evolve as well. The triple generator links side effects of drugs and intervention for a certain condition.
For performance reasons, we use dumps of these datasets loaded into our own triplestore, which are updated
as new dumps become available. The extractors used by the knowledge representation generator are a set of
SPARQL queries to extract the needed information. For example, to generate the side effects for a drugrelated intervention for the condition “Chronic Myelogous Leukemia,” the following extraction query can be
used:
SELECT ?sideEffect ?intervention
WHERE {
?trial linkedct:intervention ?intervention .
?intervention linkedct:intervention_name ?interventionname .
?trial linkedct:condition ?condition.
?condition linkedct:condition_name "Chronic Myelogous Leukemia" .
?drug sider:drugName ?interventionname .
?drug sider:sideEffect ?sideeffect .
Figure 8: Sample SPARQL query to obtain side effect information for a treatment

This works based on string matching between the SIDER representation for a drug name and the
LinkedCT representation for an intervention name. This matching can be improved by using the UMLS
concept information. However, neither SIDER nor LinkedCT link drugs or treatments to their UMLS
concept. To do this, we utilize another SPARQL query which matches the treatment name against all
alternate names recorded in UMLS.
The other major task of the knowledge representation generator is to index the eligibility criteria in each
LinkedCT clinical trial using MetaMap. The results of this process will be used to generate the
<eligiblityCriteriaContains> links in the knowledge representation.
The user interface and search component will consist of these subcomponents:
 A user interface and visual data explorer. An end user query may be in simple keywords, a form-based or
visual navigational interface.
 A query generator which will convert input from the user interface to SPARQL queries.
 The Semantic Reasoner component helps to expand the query with necessary type or additional concepts
using UMLS before it is sent to retrieve the relevant information.
 A results composer that converts query results into a user-friendly format, including visual display. For
example, if a user, after viewing the results of a search, decides to click on the tag for all trials that have
an eligibility criterion mentioning radiation, the query generator will generate the SPARQL query
searching for all trials with a <eligibilityCriteriaContains> radiation link.
Use case analysis
In this subsection, we discuss use cases of our system.
a) Semantic search for clinical trials information
Potential clinical trial participants or their family members will be able to query the system and search for
trials according to various terms or combinations of terms, including medical condition, intervention, drug,
etc. For example, a user might search for side effects related to clinical trials related to “Chronic
Myelogenous Leukemia.” The user query can be mapped to UMLS concepts in order to broaden the search
to include synonymous or similar terms by the Semantic Reasoner, in case the exact match does not work. A
list of trials containing these concepts will be retrieved.
B.
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Figure 9 illustrates how the clinical trial and drug information fits into the UMLS Semantic Network. In
this example, we are focusing on the conditions and interventions of clinical trials, along with the drugs and
side effects in the side effect database. Our system’s capability to use semantic reasoning on clinical trial and
side effect information is enabled by incorporating knowledge from the UMLS Semantic Network, such as
semantic types and relations. A clinical trial's condition(s) can be mapped to the semantic type Disease or
Syndrome, or one of its subtypes. For example, the condition "Chronic Myelogenous Leukemia" and other
Leukemia will map to the semantic type Neoplastic Process, which is a subtype of Disease or Syndrome.
Some conditions, such as Crohn's disease map directly to the Disease or Syndrome type, and others may map
to other subtypes of Disease or Syndrome, such as Dementia which maps to the disease subtype Mental or
Behavioral Dysfunction. Interventions contain specific treatments that involve a Therapeutic or Preventative
Procedure that uses a Pharmacologic Substance. Thus, when the user query is underspecified, as in this query
“what are the pharmacologic substances that treat condition X?” where a super class concept (i.e.
Pharmacologic Substance) is used in the query, the system can perform the reasoning and return the drug
information (i.e. Pharmacologic Substances). The concept Etoposide, mentioned earlier, maps to the type
Pharmacologic Substance. Side Effects can be of several different semantic types, such as Sign or Symptom,
Finding, Disease or Syndrome, Pathologic Function, among others. The SIDER database reports chills as one
of the side effects for the drug Etoposide; chills maps to the semantic type Sign or Symptom, which is a
subtype of Finding. Another side effect, Alopecia, maps to Finding, and the side effect Leukopenia maps to
the type Disease or Syndrome. The relationships between the information contained within clinical trials and
side effect resources is complex and the UMLS semantic network helps to navigate these connections and
make semantically rich queries.
Pulling all of this information into a semantic framework enables the system to provide the patient with a
cohesive, integrated, and easy to navigate presentation. This will ease the search process for clinical trials in
the number of searches that need to be conducted and the amount of free text that would have to be read.
When searching for a disease on the ClinicalTrials.gov site, users are presented with a lengthy list of trials,
some of which have already been completed or terminated. The records also contain detailed medical
terminology that may be hard for the user to parse. If a user wishes to research side effects of a drug, he or
she would need to conduct an additional search on the Internet for side effect information, which may be
time consuming and difficult to find. In addition to semantic browsing, the system we propose will contain a
guided series of questions that will lead to a smaller subset of clinical trials to consider. The semantic
presentation will also greatly enhance the user's experience by providing more linked information and a more
visual and user-friendly search.
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Figure 9: Clinical trials, drugs, and side effects from the perspective of the Semantic Network

Semantic Link Browsing:
Patients want to find out all clinical trials containing a certain drug in the eligibility criteria. It is difficult to
navigate all the clinical trials involving the drug to identify eligibility criteria. Our system can allow
browsing of concepts to navigate to other related concepts, which we call “hyper-semantic browsing.” The
contents of the clinical trial eligibility criteria, which are mostly textual, can be mapped to UMLS concepts
using MetaMap. These concepts can be used as tags to build a tag cloud of concepts mentioned in the
eligibility criteria. Thus, a click on the tag for drug Cisplatin will get all trials that mention the drug in the
eligibility criteria.
Since we are using UMLS concepts, we can exploit the concept relations to create sub-groups within the
eligibility criteria. For example, conditions and drugs can be grouped according to type. This enables a
user to click on a concept group, such as “All platinum based drugs” and then trials that mention
Carboplatin as well as Cisplatin would be retrieved. When a specific clinical trial or intervention is
selected, the user will be presented with the treatment, related side effects, along with links to more
information. By providing this side effect information to the user, directly alongside the clinical trial, this
system would expedite the process of comparing clinical trials and facilitate an informative analysis that
takes drug side effects into consideration.
b)

CONCLUSION
We have presented a semantic integration approach that allows patient-oriented search for information on
clinical trials. The integration is based on LOD principles and semantic technologies, and is represented via
VI.
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RDF triples in an integrated knowledge representation. We leveraged LOD sources such as the LinkedCT
clinical trials dataset, the SIDER drugs and side effects dataset, and the UMLS medical ontology for
consistent semantics across concepts used in different data sources. Our prototype system architecture
includes a knowledge generation component where RDF triples are generated by extracting data from
different sources and linking them with semantic information; a user interface that provides patients with
powerful semantic search capabilities that use query processor and semantic reasoning components; and
semantic-link browsing (a la hyperlink browsing) where the navigation from one concept to another can help
users with visual search and exploration of clinical trials and related information. We presented use cases to
illustrate the system functions such as query processing steps, semantic-search, and semantic-link browsing.
Our future research plan includes expanding the linked data to other sources, and enhancing the
implementation of the prototype system. A user evaluation study of the system will be conducted. Additional
features will be added to the system, such as helping patients determine which clinical trials they would be
excluded from if they participate in a particular trial and, if they are eligible for multiple trials, which trial
would be the best starting point. This patient-centered decision support system could also be used to monitor
the way patients navigate through the data in order learn what is most important to them in the cognitive
process of searching for clinical trials.
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