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Abstract. Interoperability is crucial to overcoming various challenges of data 

integration in the healthcare domain. While OMOP and FHIR data standards handle 
syntactic heterogeneity among heterogeneous data sources, ontologies support 

semantic interoperability to overcome the complexity and disparity of healthcare 

data. This study proposes an ontological approach in the context of the EUCAIM 
project to support semantic interoperability among distributed big data repositories 

that have applied heterogeneous cancer image data models using a semantically 

well-founded Hyperontology for the oncology domain. 
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1. Introduction and Motivation 

Interoperability in healthcare is essential and closely associated with health data 

integration [1]. Several forms, or levels, can be assigned to interoperability considering 

the heterogeneity in information systems [2]: 1) structural that considers heterogeneity 

involving data storage; 2) syntactic that addresses heterogeneity of data 

formatting/representation; and 3) semantic that handles heterogeneity of interpreting the 

meaning of data. Various international healthcare standards and vocabularies/ontologies 

are applied to satisfy syntactic and semantic interoperability [3]. The OHDSI-OMOP 
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Common Data Model (CDM) [4] and HL7-FHIR [5] are, among others, syntactic 

standards which define the structure and syntax/format of data being stored and 

exchanged [6]. They mainly manage data’s structural and syntactic heterogeneity by 

describing/defining the specific health information format to store and exchange. While 

syntactic interoperability is maintained in these standards by bringing health data stored 

in different formats using different database systems and information models into a 

common format or data model, semantic interoperability is supported by standardizing 

data based on common terminology standards (e.g., SNOMEDCT, LOINC). However, 

syntactic/semantic interoperability remains challenging, especially when integrating 

large heterogeneous datasets of existing health data repositories adopting different data 

standards. In this context, ontologies provide a flexible approach to integrating data and 

sharing meaning unambiguously [7], helping to overcome syntactic/semantic 

heterogeneity at certain levels of complexity. By ensuring a common understanding of 

information and making explicit domain assumptions, ontologies can address the 

challenges of accessing and querying heterogeneous healthcare data [8]. In the EUCAIM 

EU-Co-funded project2, we employ an ontology integration approach toward semantic 

interoperability among heterogeneous cancer image data models and distributed big 

cancer data repositories. EUCAIM is a joint effort by the AI for Health Imaging (AI4HI) 

network [10] and major European Research Infrastructures to build up a hybrid 

(distributed and centralized) infrastructure integrating many major existing European 

Real World Data infrastructures (cancer images and accompanying clinical data), 

including many types of cancer. In the remainder, section 2 introduces the methods, the 

results are presented in section 3, and section 4 concludes the paper. 

2. Methods 

This work covers five main projects from the AI4HI network [10]: ProCancer-i, 

INCISIVE, Chaimeleon, EuCanImage, and PRIMAGE. Our approach aims to ensure the 

interoperability of cancer data at different levels as a consolidated framework that 

aggregates health data from multiple heterogeneous sources and integrates them into a 

common semantic meta-model (Figure 1).  

 

Figure 1. An illustration of the EUCAIM ontology integration approach. 
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First, the local data sources have performed the standardization process by applying ETL 

(Extract, Transform, Load) processes to align with OMOP and FHIR data standards. 

Syntactic interoperability is expected at this level between the repositories following 

OMOP/FHIR. Once syntactic interoperability has been addressed to an acceptable extent, 

the Hyperontology integrates heterogeneous data, supporting semantic interoperability 

among them and the associated standard terminologies. The following subsections 

briefly describe the syntactic and semantic levels of interoperability. 

2.1. Syntactic Interoperability: OMOP/FHIR 

While in OMOP, a list of domains (e.g., Condition, Measurement, Drug, Procedure, etc.) 

is defined to which the concepts of the standardized vocabularies can belong, FHIR is 

built upon a set of resources (e.g., Patient, Observation, Medication, Procedure, 

Condition, etc.). Some extent of syntactic interoperability is expected among the 

resources following a common standard OMOP/FHIR. However, syntactic/semantic 

heterogeneity remains problematic due to data complexity and disparity. Two levels of 

syntactic heterogeneity are exposed among the projects adopting: 1) a common data 

model (e.g., OMOP) or 2) different data models (e.g., OMOP/FHIR). For instance, 

1) ProCancer-i and Chaimeleon both adopt OMOP, but defined in two different 

ways the metastasis cancer staging values of M1 from the TNM (Tumor-node-

metastasis) category as follows: 1) AJCC/UICC 7th pathological M1a Category 

which is a Cancer Modifier concept of the Measurement domain; 2) TNM Path 
M, a NAACCR concept of the Measurement domain with value pM1a of the 

Meas Value domain; 

2) ProCancer-i (OMOP) and INCISIVE (FHIR), where the former defined PSA 

(Prostate Specific Antigen) as SNOMED concept (Prostate specific antigen 
measurement (63476009)) from the Measurement domain and the latter defined 

it as LOINC concept (Prostate specific Ag [Mass/volume] in Serum or Plasma 
(LP18192-2)) from the Observation resource (see Figure 1). 

Facing this heterogeneity, formal ontologies can help to handle the automatic recognition 

and processing of such heterogeneous but isosemantic expressions [11]. 

2.2. Semantic Interoperability: Hyperontology 

To ensure semantic interoperability among heterogeneous cancer data models, we 

propose a semantically and formally well-founded Hyperontology that captures the real-
world semantics [2] of the oncology domain. To develop the Hyperontology, an iterative 

hybrid process is established, starting with the analysis of specifications and 

requirements and knowledge acquisition from the diverse AI4HI data sources and 

associated terminologies/ontologies in the medical domain (e.g., SNOMEDCT, LOINC, 

NCIT, ICDO-3). Furthermore, the conceptualization and formalization processes are 

performed using two different strategies: 1) bottom-up that maintains the hierarchical 

structure of the Hyperontology based on the standard concepts provided by the local 

sources and their syntactic/semantic mappings and 2) top-down that grounds the 

Hyperontology in foundational ontologies (e.g., UFO [12]) and core conceptual models 

(e.g., mCODE [13]). Therefore, the Hyperontology structure is divided into layers, 

facilitating the development process. The integration of these layers is established under 

the supervision of experts to maintain the Hyperontology structure and content. 
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3. Results 

The formal model of the Hyperontology (beta version) [10], which is developed based 

on 12 use case studies in the oncology domain, defines 1852 concepts, 4172 subClassOf, 

and 18 semantic relations. The Hyperontology covers the cancer of breast, prostate, liver, 

colon, rectum, lung, and colorectal. To facilitate and support the Hyperontology 

development, an Ontology Requirements and Specification Document (ORSD) is 

produced regarding the requirements that the Hyperontology should fulfill. In the ORSD 

[10], the functional requirements are stated as competency questions (CQs) organized by 

cancer type. In the Hyperontology, the syntactic/semantic heterogeneity is addressed. As 

an example, Figure 2 depicts how semantically is resolved the PSA diversity of 

terminologies and OMOP domains (see Section 2.1) by specifying Prostate specific Ag 
[Mass/volume] in Serum or Plasma (LOINC) as a subClassOf of Prostate specific 
antigen measurement (SNOMED).  

 
Figure 2. Excerpt of the Hyperontology (v0.2 beta) on resolving PSA heterogeneity (Protégé). 

Figure 3 depicts an example of resolving the heterogeneity of representing the metastasis 

cancer staging values (see Section 2.1) by using owl:equivalentProperty. 

Figure 3. Excerpt of the Hyperontology (v0.2 beta) on resolving TNM staging heterogeneity (Protégé). 

The Hyperontology concepts are also syntactically integrated/aligned with their 

domains/resources in OMOP/FHIR (see Figures 2 and 3). The Hyperontology content is 

evaluated against the CQs defined in the ORSD with the help of domain experts and 

validated by embedding it in practical applications, such as semantic search (see 

examples from the EUCAIM Catalogue3). In the following, we give an example of a 

simple query that uses terms from the Hyperontology and will return information from 

the diverse local data sources: “diagnosis” = “prostate cancer” & “PSA” > “20 ng/ml” 

& “modality” = “MR”.  

4. Discussion and Conclusions 

Various studies, such as [1], [14], [7], [15], and [16], have proposed ontologies for 

integrating heterogeneous healthcare data. In EUCAIM, data heterogeneity is exposed 

on two levels: syntactic and semantic. Although syntactic/semantic interoperability is 

 
3 https://catalogue.eucaim.cancerimage.eu/#/, Accessed May 21, 2024 
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ensured to a large extent by standardizing data using OMOP/FHIR, the complexity and 

disparity of big data remain challenging when integrating various cancer image data 

models. A consolidated ontological approach is proposed to semantically integrate 

heterogeneous data sources under a common semantic meta-model, aiming to resolve the 

disparity and complexity problems and permit accessing and querying data effectively 

from local repositories. In further work, we will proceed with the Hyperontology 

enrichment with the help of clinical experts. Besides, the Hyperontology will be 

validated using real-world applications for federated querying of data collections, cancer 

image annotation/segmentation, and federating analysis/learning in the EUCAIM 

context. Additionally, we are interested in exploring other approaches for enriching the 

Hyperontology, such as OMOP oncology extension [17]. This project is co-funded by 

the European Union under Grant Agreement №101100633. 
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