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1 Introduction 
 

In healthcare, and more specifically cancer treatment, data sharing is essential yet 

difficult. 1 in 5 people diagnosed with cancer have a rare type of cancer, which means 

considerable time is needed to collect sufficient data for research. Combining data 

from multiple centres is therefore vital, unfortunately, linking this data is not 

straightforward. There are various ways healthcare centres store their data, due to for 

instance differences in treatment protocols and clinical systems. This means different 

variables and annotations are used. Consequently before we can solve any medical 

problems, we first need to solve this data integration challenge. 
 

The FAIR (Findable, Accessible, Interoperable and Reusable) principles [1] facilitate 

data driven research and integration. Here we describe a semantic solution to the 

application of the FAIR principles in a clinical use case and address the challenges we 

faced and the practical solutions we implemented to solve these issues. Our use case is 

proTRAIT, a nationwide Proton beam therapy (PBT) data infrastructure which 

combines data from the various proton centres in the Netherlands into a centralized 

database. 

 

Our approach to the FAIRification process is akin to the steps described by the Go-

FAIR initiative: collect the data, analyse the data, define a semantic model for the data, 

link the data, define the meta-data, and finally deploy a resource for the data. We 

started with analysing what data is collected at the treatment centres and is relevant 

for medical research. Radiotherapists from the Dutch national proton therapy platform 

listed these specific clinical and treatment items. Then we manually annotated all the 

different items and created a knowledge graph to interconnect them. The list items 

were defined with existing and new ontology classes using the Radiation Oncology 

Ontology [2] The non-FAIR relational data from the various centres will be converted 

into triples utilizing the knowledge graphs. Essentially this process creates findable, 

accessible and linked semantic data. Metadata is collected and described in the dataset 

and the use of ontologies and unique and persistent identifiers ensure the 

interoperability. Finally, the reusability will be cared for by hosting the data on a 

clinical data management tool. 



 

Our approach means that a lot of work goes into creating and maintaining the 

knowledge graphs. Each cancer type requires a separate, manually created knowledge 

graph, and each list and graph consist of hundreds of items. To facilitate this process 

we made full use of the considerable overlap between the respective lists: by creating 

separate turtle files for small subsets of items we leveraged the modular characteristics 

of knowledge graphs. We designed these files in such a way that they can be easily 

reused. Apart from the technical composition of the code another challenge was to 

arrange these items in subsets that are both logical and practical, in order for the 

selection of the necessary subsets to be as easy as possible. For each separate cancer 

we selected relevant turtle files, created more if necessary and compiled a tailored 

comprehensive graph. Another advantage of this modular approach is that we can 

easily adapt and adjust our graphs to changes in the clinic. For instance, when new 

items prove relevant to a research question we can easily add more variables. 
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