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Abstract

The DICOM standard is ubiquitous within medicine. However, improved DICOM semantics
would significantly enhance search operations. Furthermore, databases of current PACS systems
are not flexible enough for the demands within image analysis research. In this paper, we
investigated if we can use Semantic Web technology, to store and represent metadata of DICOM
image files, as well as linking additional computational results to image metadata. Therefore, we
developed a proof of concept containing two applications: one to store commonly used DICOM
metadata in an RDF repository, and one to calculate imaging biomarkers based on DICOM
images, and store the biomarker values in an RDF repository. This enabled us to search for all
patients with a gross tumor volume calculated to be larger than 50 cc. We have shown that we can
successfully store the DICOM metadata in an RDF repository and are refining our proof of
concept with regards to volume naming, value representation, and the applications themselves.
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Introduction

The DICOM standard [1] is ubiquitous within medicine, especially in diagnostic-related
departments (e.g. radiology, radiation therapy or nuclear medicine). The standard fulfils a
twofold function, describing the image (meta)data using a key-value pair system (often
called DICOM {ags), and also as a communication protocol for transmitting this kind of
data.

Over the years, the DICOM standard has added support for imaging modalities and steadily
more metadata. One of these metadata features is the referencing structure based on unique
identifiers (UIDs) to indicate relations between modalities, for instance, to state that a PET-
CT image contains two separate image series that were scanned at the same time. Within
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radiotherapy, the DICOM standard is extended to record the tumor delineations of a
physician (an RTSTRUCT), or to define the actual radiation treatment plan (RTPLAN)
including dosimetry information (RTDOSE).

The relationships between RTSTRUCT, RTDOSE, and RTPLAN are unidirectional:
RTSTRUCT refers to CT/PET/MRI, RTPLAN refers to RTSTRUCT, and RTDOSE refers to
RTPLAN. This directionality leads to difficulties when traversing the DICOM modalities,
especially in the opposite direction. For example, if a user has a CT scan, and wants to
retrieve the radiation treatment plan (RTPLAN), he has to search for the RTSTRUCT object
based on the specific CT scan, and from there search for the RTPLAN object based on the
RTSTRUCT object. This is an inefficient operation because all RTSTRUCT files, and all
RTPLAN files for the patient need to be processed to find the correct treatment plan.

Another issue is related to imaging biomarkers. Imaging biomarkers are essential to
developing prognostic and predictive models for radiotherapy [2,3]. As this field is evolving
rapidly, we need a flexible solution that can be easily extended with new features in order to
store biomarkers. We need to store imaging biomarkers while maintaining a link between the
biomarker and the images/modalities from which the biomarker was calculated [4]. A direct
link between image and biomarker can be established based on the UID of the DICOM
file(s). However, additional metadata of the image should then be processed before storage,
which is not common practice in a picture archiving and communication system (PACS).

To address the issues described above, we need a flexible storage solution for (additional)
metadata, while still being able to define a formal structure to represent data already
available in the DICOM standard. One of these flexible storage solutions, different from
traditional databases is based on the Semantic Web technology [5]. Our definition of the
Semantic Web is that it uses linked data and standardized terminologies (ontologies),
therefore making it possible for everyone to contribute to a web of knowledge [6]. This
linked data can be stored in a Resource Description Framework (RDF) repository, which can
be viewed as a single table with three columns (subject, predicate and object) and where
every row is called a triple. When we unify the object of a triple with its equal in another
triple’s subject, we build a graph of the data. This RDF repository can be queried using a
specific query language: SPARQL (SPARQL Protocol and RDF Query Language), which
performs pattern matching on the available graph of data [7].

In this study, we hypothesize that we can use Semantic Web technology to store and
represent metadata of DICOM image files and additional computational results linked to the
image metadata.

1. Methods

To test our hypothesis, we separated the actions into three different tasks. The first task
addressed the storage and representation of DICOM metadata in an RDF repository. The
second task targeted the storage of additional computational results, related to the images.
The third task was to implement a proof of concept.
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1.1. Storage and representation of DICOM metadata

To store the data in an RDF repository (and make it accessible via a SPARQL endpoint), we
first developed an ontology representing the most common DICOM metadata elements. This
ontology serves as a definition of our data domain, and as a contract regarding the structure
and data elements if anyone wants to contribute or query our data [8]. Our ontology can be
found at the NCBO Bioportal [9] ontology browser as “Semantic DICOM Ontology” [10].
Although the ontology is still under development, the basic concepts/structure is stable, as it
is based on the DICOM standard itself.

This ontology is used by our Semantic DICOM (SeDlI) conversion service. This service is
written in Java, using the dcmd4che library [11]. For every DICOM file, the application will
check whether specific tags defined in the ontology are present in the DICOM file, and
creates RDF triples based on the rules defined in the ontology. As our conversion service
keeps the basic ontological rules (e.g. regarding domain and range) in mind, the data
representation will follow our ontological structure. After creating RDF triples, the triples
are exposed via a SPARQL endpoint.

1.2. Storage of additional computation results

To calculate additional imaging biomarkers, we developed a pipeline application, which also
accepts data using the DICOM communication protocol and uses a plug-in architecture for
different computational modules. This pipeline application is developed in Java using the
dcmd4che [11] and Spring Dependency Injection [12] libraries.

Computational modules can be developed outside the direct scope of our pipeline
application as with an API for calculation modules, every type of calculation can be plugged
into the pipeline (when wrapped with Java code). This enhances the flexibility to add
computations when needed.

Afterwards the results can be exported to different types of storage, including an RDF
repository. When using the RDF export module (which triggers a SPARQL update/insert
query) the application tries to execute a pre-defined query (containing placeholders for
calculated values) on a given RDF repository, and can insert/update triples. Users can create
their own insert/update query and are not bound to a specific ontology, which leaves room
for end-users to commit the results to the ontology of their choice.

1.3. Proof of concept: query patients and their tumor volume

To test our hypothesis, we implemented a proof of concept setup (Figure 1) where the results
of two systems were stored in separate RDF repositories (Figure 1). We used 10 randomly
selected patients form our PACS (with different tumor locations) which were sent to both the
SeDI conversion service, and the computation pipeline. Both of the applications and triple
stores resided on computers in different countries.

To structure the output of our computational pipeline, we used the Radiation Oncology
Ontology (under development), which is able to extend the Semantic DICOM ontology for
the radiotherapy domain. For our hypothesis test, we linked our calculation output to the
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identification of the delineated volume of interest (representing the gross tumor volume),
stored in the RDF repository of the SeDI conversion service.

2. Results

We successfully parsed the DICOM tags specified in the ontology and stored the resulting
triples in our RDF repository. The created concepts were structured according to the
DICOM hierarchy of patients, studies, series and images, as specified in the SeDI ontology.

For 6 out of 10 patients, our computation pipeline could calculate the gross tumor volume. 4
out of 10 patients resulted in no calculation result, because the gross tumor volume was not
named correctly using our local clinical standard for volume descriptions.

When performing a query on the federated endpoint for patients with a tumor volume larger
than 50 cc, 5 patients were returned. When querying for all patients and tumor volumes, the
query resulted in all 6 patients, where one patient had a volume of 2 cc, and was therefore
not returned in our primary query results.

3. Discussion

We successfully implemented a proof of concept to store the semantics of imaging data
important to biomarker research, and were able to use it to retrieve data which was more
extensive and enriched in comparison to information available in a PACS database.
Therefore, our results confirmed our hypothesis.

The storage of DICOM information in an RDF repository has an advantage over generic
solutions where PACS databases store the entire (or very small parts of the) header. Such
PACS relational databases are less flexible in changing data structures (and data), where the
Semantic Web technology is more flexible in nature. For instance, within an RDF repository,
adding extra information at a later point in time does not alter or change the existing data.
Furthermore, it creates the possibility for everyone to link their own additional findings to
the already available datasets. Therefore, we expect that the Semantic Web technology will
provide a more suitable framework for research purposes, where questions regarding data
(and/or calculated features) are still changing. Such a framework can increase the
possibilities for data mining, especially when resources are linked to eCRF or EHR data
stored in other RDF repositories which are accessible as linked data and through SPARQL
endpoints.

We still plan to address several issues. At first, 4 out of 10 patients did not have a proper
name describing the gross tumor volume (within the DICOM metadata). This description is
a free-text field in many delineation applications; therefore we cannot expect that delineation
descriptions are always correct. We need a proper (ontological) mapping to determine
relevant delineation descriptions. The RTOG made a first attempt to standardize delineation
naming [13], however it would take several years to reach compliance to this standard.
Second, we have created two different applications, which operate without coordination. In
future work, we plan to implement a messaging system where the SeDI conversion service
will notify the computation pipeline that the DICOM metadata has been stored in a RDF
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repository, and that computation on this image set can start. Third, although we are able to
store the data in an RDF repository, we have not made use of the Value Representation (VR)
types available in the DICOM metadata. Currently, all values are stored as text, instead of
using the Value Representation (VR) type. This will be solved in our ontology, and
incorporated into our SeDI conversion service.

We have shown that a semantic representation of DICOM related information enables us to
query for image features that are important to biomarkers in radiotherapy. Our work towards
a semantic PACS for radiotherapy can eventually be generalized to store and retrieve images
using the semantics of other domains.
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