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Abstract. The data produced during a research project are too often collected for
the sole purpose of the study, therefore hindering profitable reuse in similar
contexts. The growing need to counteract this trend has recently led to the
formalization of the FAIR principles that aim to make (meta)data Findable,
Accessible, Interoperable and Reusable, for humans and machines. Since their
introduction, efforts are ongoing to encourage FAIR principles adoption and to
implement solutions based on them. This paper reports on the FAIR-compliant
registry we developed to collect and serve metadata describing clinical trials. The
design of the registry is based on the FAIR Data Point (FDP) specifications, the
state-of-the-art reference for FAIRified metadata sharing. To map the metadata
relevant to our use case, we have extended the DCAT-based semantic model of the
FDP adopting well-established ontologies in the biomedical and clinical domain,
like the Semanticscience Integrated Ontology (SIO). Current implementation is
based on the Molgenis software and provides both a user interface and a REST
API for metadata discovering. At present the registry is being loaded with the
metadata of the 18 clinical studies included in the ‘I FAIR Program', a project
finalised to the dissemination of FAIR best practices among the clinical
researchers in Sardinia (Italy). After a testing phase, the registry will be publicly
available, while the new model and the source code will be released open source.
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1. Introduction

The difficulties of using in other contexts the datasets created during a clinical trial [1],
as well as the low reproducibility of the results obtained [2], have been widely analysed
in order to overcome the barriers preventing an efficient reuse of quality data [3, 4].
The cataloging of clinical trials in public registries is recognised as an effective way to
improve transparency and data quality [5]. Several registries have been created and are
offering a very important source of information?, but they still present limitations in the
effective representation of the collected data according to standard terminologies and
ontologies [6], essential factor to support data discoverability and repurposing. A
promising approach to face these issues is based on the application of the FAIR
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Principles [7], a set of guidelines focused on the goal of making Findable, Accessible,
Interoperable and Reusable all the ‘research objects’ (like data, algorithms and
workflows) generated during a research project. The FAIR Principles aim to support
information discovery, both by humans and machines, through good data generation
and management. Their application is strongly encouraged in all research fields [8] and
is experiencing the most significant progress in biological and natural sciences [9], but
at present there are not FAIR implementations of clinical trial metadata resources.

In this work, we present the registry for biomedical research that we are
developing to offer a FAIR access to significant metadata describing clinical studies.
The paper is focused on the design of the semantic metadata model, the system
implementation, its present status, with the initial population with the metadata of 18
clinical studies, also providing an overview about the next development steps and the
future use.

2. Methods

The objective of the registry is twofold: the collection of significant information about
biomedical research trials and the development of interfaces enabling humans and
software agents to search and access this information, according to FAIR principles.

The design has been based on the specification of the Fair Data Point (FDP) [10],
the current state-of-the-art for exposing metadata of datasets in a FAIR way, which
provides a metadata model and a REST API to access the metadata. The metadata
model, mainly based on Data Catalog Vocabulary (DCAT) [11], is a hierarchical
structure composed of complementary layers that we mapped to the hierarchy of the
registry as follows: (i) FDP, providing information about the FDP itself, enabling its
inclusion in a federated network of FDPs; (ii) Catalog, containing information about a
collection of Datasets, i.e. the group of clinical studies; (iii) Dataset, specifying
information about the datasets, which in our case are the trials; (iv) Distribution, giving
information about the specific format of the datasets. For every layer we paired our
metadata to the FDP ones. In particular, for the Dataset layer, in some cases we found a
natural matching (e.g., name - dcat:title; targeted disease - dcat:theme; license of usage
- dcat:license). Instead, for several domain-specific concepts, the FDP had no
correspondence that could fit, and it was therefore necessary to extend the model to
include essential attributes, such as: the therapeutic area, the type of collected data (e.g.,
lab exams), the experimentation center, the ethical committee. For this scope we
adopted the Semanticscience Integrated Ontology (SIO) [12].

The registry uses terms from clinical and biomedical ontologies for the values of
the metadata, to enable semantic interoperability and machine-actionability, as
recommended by FAIR guidelines [15]. For example, we use ICD [16] for diseases and
MeSH [17] for therapeutic areas.

The implementation of the registry is based on Molgenis [18], an open-source
application for modelling, collecting, managing and accessing complex datasets. This
choice is motivated by some of the Molgenis main features, since it has a native
implementation of the FDP, a REST API to query the data, authentication and
authorization functionalities and it gives the possibility of extending the model
according to our needs and implementing a custom web user interface.
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Figure 1. Extension of the FDP model. New concepts (ellipses) are connected to the Dataset/Study with SIO
properties (arrows) and denoted with OBI and NCIT terms (rectangles)

3. Results

We have implemented a registry to collect and expose a set of general metadata
describing clinical trials, FAIRly usable by humans and machines, starting from the
FDP specifications.

To include all the relevant metadata for our use case, we extended the DCAT-
based FDP semantic model adding new concepts connected to the Study by SIO
ontology properties and denoted in a meaningful way using terms from specific
ontologies, such as Ontology for Biomedical Investigations (OBI) [13] and National
Cancer Institute Thesaurus (NCIT) [14]. Principal Investigator and Therapeutic Area
are two examples in this sense and are shown in Figure 1, which illustrates the
extended semantic model. The Principal Investigator is assigned a Role with the
sio:has _role property and then the Role is connected to the Study with
sio:is_realized in property. The Role is denoted by obo.OBI 0000103 (Principal
Investigator Role in OBI). For Therapeutic Area, we linked the Study with an object of
type ncit:C101302 (Therapeutic Area in NCIT) by means of property sio:-has_attribute.
The semantic modelling activity is still in progress: all the generic attributes have
already been included, while the mapping of the study-specific metadata has been
partially completed and the missing ones (e.g., collected specimen type and collected
data type) will be mapped in future releases. Some of the values for the metadata of the
current model have been already stored into a dedicated Molgenis instance, while
others require the collaboration of data stewards of the studies to be loaded (for
example, the licence for the dataset, the access rights or the collected specimen type).

The metadata are available for machines through the Molgenis REST API which
exposes their Turtle [19] serialization by means of the FDP module. For humans, we
designed and implemented a web interface leveraging Molgenis web app, to enable
searching using some predefined parameters (like disease, therapeutic area or status of
the trial) and the direct access to the details of trials, including the study protocol and
the ethical documentation. At present, the registry includes metadata of the 18 studies
of the ‘I FAIR Program’?, a regional project to promote the FAIR culture among
clinical researchers in Sardinia (Italy) by combining educational activities and financial
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support for data stewardship. After a testing phase, the registry will be accessible to the
public and the model together with the source code will be made available open-source
in order to make them reusable.

4. Discussion

This work presents the implementation of a FAIRified registry enabling the sharing of
metadata about clinical studies, in order to enhance the potential reuse of the data
acquired during the trials’ execution. Despite the increasing popularity of the FAIR
Principles, our registry is, to our knowledge, among the first examples in this context.

In our work, we refer to the FDP specifications for both semantic metadata model
and implementation, a choice consistent with the recommendation of using existing
models for FAIRification [15]. The FDP model offers a robust set of generic metadata
to describe datasets and a hierarchical structure that allows inclusion of the registry into
federated networks. On the other hand, when starting from the general-purpose design
of the FDP, it’s necessary to define a custom strategy to support use case specific needs,
like the exposition of domain-related metadata about the clinical studies. Our approach
to this task is based on the adoption of a unique high-level ontology (in our case SIO)
with generic properties that can be exploited to connect the concepts. Every concept is
given unambiguous meaning, associating it to a term taken from a specific ontology (as
NCIT and OBI for the biomedical domain). The number of these ontologies should be
limited as much as possible. A promising alternative for the high-level ontology is
DCAT 2, recently published but still not adopted by the FDP specification. This new
version provides a larger set of properties and it would be interesting to evaluate its
adoption in place of SIO, as it would streamline the modelling by avoiding one
dependency.

On the implementation side, our work is based on Molgenis as it is open-source,
which allows customizations, and it provides native FDP support, an easy way to
extend and populate the semantic model, a good ontology support and a consolidated
user base. Other solutions have emerged since the start of our work and can be
evaluated: one of the most promising is the FDP reference implementation, because,
being based on semantic web technologies, it could facilitate semantic interoperability
and ontologized querying.

5. Conclusions and Future Developments

In this work we presented the implementation of a registry enabling to expose and
share a set of relevant attributes about biomedical studies. The present implementation
leverages Molgenis functionalities in terms of FAIR support, authentication and data
access, also extending its FAIR Data Point model to map the studies’ metadata, which
are made available via interfaces both for humans and machines.

Future developments include: (i) the finalisation of the metadata model with all the
study-specific metadata identified in collaboration with the researchers for each of the
study in the ‘I FAIR Program’; (ii) the evaluation of the complete version of the
registry with the metrics [20] developed by the FAIR community; (iii) the
implementation of semantic web queries support, to further improve data
discoverability; (iv) the extension of the user interface with new filters.



V. Meloni et al. / FAIRifying Clinical Studies Metadata 783

The registry and the extended FDP data model will be released in open-source and

will be available for reuse in other contexts.
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