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Introduction to the UNICA Project

Elia Broggio, Data Scientist at Datrix 
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Challenges

Cancer: a leading cause of death in EU.

2024 Stats: 2.74 million new diagnoses and 1.27 
million deaths in the EU 

Unlock the potential of medical imaging by:

● Leveraging AI: Rapid AI advancements 
offer unprecedented potential for better 
screening and early detection.

● Breaking Silos: Vast repositories of imaging 
data exist but remain isolated in individual 
centers.
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The EU Response

AI is a main pillar of the Europe’s Beating 
Cancer Plan (Flagship 2): European 
Cancer Imaging Initiative.

EUCAIM Project: Creating a 
pan-European federated infrastructure 
of de-identified cancer imaging data to 
support AI innovation.

UNICA directly support this effort
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UNICA Mission
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Consortium Credibility 
16 partners from 10 countries:

Estonia
Germany 
Greece
Italy 
Lithuania
Poland 
Portugal
Slovenia 
Spain 
Ukraine
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Datasets: estimated size and coverage

Data and Pictures: European Cancer Information 
System (ECIS) and JRC: https://ecis.jrc.ec.europa.eu/

https://ecis.jrc.ec.europa.eu/
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Final Output
Two deep learning-based models:
● Risk assessment of breast cancer from mammograms
● Detection of lung cancer from CT scans

Data Collection

Data Collection

Data Collection

FEDERATED ENVIRONMENT

Data 
Provider

Data 
Provider

Data 
Provider

Technology
Providers

Low Risk

Medium Risk

High Risk
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Thanks!
elia.broggio@datrixgroup.com 

mailto:elia.broggio@datrixgroup.com
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The EUCAIM Hyper-Ontology and 
Common Data Model

Valia Kalokyri, PhD 

Foundation for Research and Technology Hellas (FORTH)
WP5 Technical Lead

June 26, 2026



Data interoperability 
requirements
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AI4HI network• Data repositories: “AI for Health Imaging” Network (AI4HI), a cluster of 5 large 
EU-funded projects on big data and AI in cancer imaging 

• Different cancer types 
• Different use cases 
• Different clinical and imaging data 
• Different standardized terminologies (Different levels of granularity)
• Different approaches on the imaging metadata (standardized/not)
• Different formats of segmentation masks
• Different data models - Use variations of OMOP and FHIR

• Individual Data Holders/Hospitals
• Might have either “standardized” data models or totally ad-hoc models.

Goal: To achieve semantic interoperability among heterogeneous cancer image 

data models and distributed big cancer data repositories.



OMOP approach in AI4HI  

        CLINICAL 

➢ Slight deviation from standard implementation 
(few non-standard codes, certain 
assumptions).

➢ The Oncology CDM extension for 
representing prostate cancer data at the levels 
of granularity and abstraction required to 
support cancer research

➢ Use case  =>  Data collected

OMOP “like”OMOP v5.4
[1] Kalokyri V. et. al. MI-Common Data Model: Extending Observational Medical Outcomes Partnership-Common Data Model (OMOP-CDM) for Registering Medical Imaging Metadata and Subsequent Curation 
Processes. JCO Clin Cancer Inform. 2023 Sep;7:e2300101...Vol. 7, N. 7 doi:10.1200/CCI.23.00101
[2] Park WY et al. Development of Medical Imaging Data Standardization for Imaging-Based Observational Research: OMOP Common Data Model Extension. J Imaging Inform Med. 2024 Apr;37(2):899-908. doi: 
10.1007/s10278-024-00982-6. 

ProCAncer-I & CHAIMELEON adopt the OHDSI OMOP-CDM, which is one of the most widely used common data models 
for supporting analysis of observational health data.

       IMAGING 

➢ ProCAncer-I introduced a Radiology extension [1], 
focusing on including and standardizing annotation, 
segmentation and curation data. R-CDM conversion 
through the DICOM metadata ETL process. 

➢ OMOP-CDM introduced Imaging extension [2] but 
standardized imaging metadata are yet to be included in 
the standardized vocabularies.  



FHIR approach in AI4HI

Semantic interoperability 
• Standard Terminology used 

• Clinical: SNOMED CT, LOINC, ICD-10
• Oncology: SNOMED CT, NCIT, 

ICD-O-3, AJCC
• Chemotherapy: RxNorm, SNOMED CT 

Medication Codes
• Some of the terms do not exist in any 

standard terminology
• Non standard terminology used 
• Create a local dictionary  

• Use case  =>  Data collected

EUCANIMAGE & INCISIVE adopt HL7 FHIR  standard for health care data exchange.



Initial dataset collections (n=16)
Starting body sites: prostate, breast, colon, liver, lung, rectum

16

CLINICAL DATA

Cancer types

Histology / Morphology

Tumor marker tests / Results
Staging / Grading

Procedures

Comorbidities

Family history

Specimen, Follow-up, etc.

EXAMPLE
Prostate Cancer
Breast Cancer
Colon Cancer
Liver Cancer
Lung Cancer

Rectum Cancer
...

IMAGING DATA

Image modality (CT, MRI, PET, US, etc.)

Manufacturer

Image metadata / values

Laterality

Segment labels

Annotations / Segmentations

DICOM

EXAMPLE
Mammography
PET Imaging

mpMRI
Ultrasound

CT scan
Segmentation

...

OHDSI OMOP + HL7 FHIR
Addresses challenges of semantic 
and syntactic heterogeneity
Using different standards (OMOP/FHIR) or 
even the same standard

+



Semantic interoperability remains 
challenging

Different levels of heterogeneity:

• Healthcare data standards
• Terminologies
• Ambiguous, non-standardized data

Cancer 
staging

Breast
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Domain

Condition
ER positive
SNOMED
416053008

Observation

Resource

Meas Value
Positive
SNOMED
10828004

ER
LOINC
85337-4

Tumor 
Marker 

Test 
Result

Breast

Prostate

El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered Modular 
Hyper-Ontology. In Formal Ontology in Information Systems (pp. 179-192). IOS Press. doi:10.3233/FAIA241305



Achieving semantic interoperability: 
EUCAIM Hyper - ontology

� What is the purpose of the EUCAIM hyper ontology ?
“The hyper-ontology helps aggregate heterogeneous and disparate cancer image data and integrate 
them into a common semantic (meta)model. “

❑ It is application-based:



Hybrid Iterative Well-Founded 
Approach

19El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered Modular 
Hyper-Ontology. In Formal Ontology in Information Systems (pp. 179-192). IOS Press. doi:10.3233/FAIA241305



1. Requirement Analysis 
and Specifications

Ontology Requirements Specifications Document (ORSD*)

20
*https://zenodo.org/records/14014153/files/ORSD-V1.1.pdf

https://zenodo.org/records/14014153/files/ORSD-V1.1.pdf


Aim: To align and map the knowledge with standard FAIR terminologies and ontologies.

2. Knowledge Acquisition

21El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered Modular Hyper-Ontology. In Formal Ontology in 
Information Systems (pp. 179-192). IOS Press. doi:10.3233/FAIA241305



3. Design and Conceptualization: Modular 
and Layered Architecture

22Εl Gosh et al. Integrating Heterogeneous Real-World Cancer Data for Semantic Interoperability in Oncology and Medical Imaging: Development and 
Validation of the Cancer Image Europe Hyper-Ontology, Accepted JMIR 2026.



Minimal Common Oncology Data Elements 
(mCODE)

https://build.fhir.org/ig/HL7/fhir-mCODE-ig/ 

▪ Domain of Knowledge implementation guide intended to 

show how to represent clinical concepts in oncology

▪ mCODE® is a trademark owned by the American Society 

of Clinical Oncology (ASCO).

▪ Thematic groups:

1. Disease Characterization: cancer staging, and tumor characteristics 

(histological classification, grade, morphology, and behavior of tumor cell);

2. Health Assessment: patient’s general health before and during treatment, 

such as comorbidities, performance assessment, laboratory tests, and 

history of metastatic cancer;

3. Cancer Treatments: reporting of procedures (surgery and radiotherapy) and 

medications used to treat a cancer patient or relevant to that treatment;

4. Outcomes: disease status, tumor, and tumor size.

Osterman TJ, et al. Improving cancer data interoperability: the promise of the minimal common oncology data elements 
(mCODE) initiative. JCO clinical cancer informatics. 2020 Nov;4:993-1001.

https://build.fhir.org/ig/HL7/fhir-mCODE-ig/


mCODE-based Ontological 
Model



4. Formalization 
(Clinical & Biological)

25

Ontological model of mCODE around the Disease characterization 
represented using OntoUML

Ontological model of mCODE around the Cancer Treatment module 
represented using OntoUML. El Ghosh et al., Grounding a hyper-ontology on mCODE ontological conceptual model and foundational 

ontologies for semantic interoperability in the oncology domain, FOAM@FOIS, 2024

Types of axioms: 
1. resulted from ontological analysis based on 

mCODE and using OntoUML, 
2. based on semantic patterns with the help of 

experts, 
3. reused from biomedical 

terminologies/ontologies by applying exact 
match techniques.

- cancer condition, morphology, cancer staging/grading, tumor marker test/result, procedures, family history, etc.



4. Formalization 
(Imaging & Annotation)

- Image study, image series, image modality, manufacturer, assessment (PI-RADS, BI-RADS), imaging result, etc.

26



4. Formalization 
(Common)

- Qualifier values required for: annotation/segmentation (automatic, semi-automatic, malignant, benign), test 
results (positive, negative), histological grades, unit of measure, etc.

27



4. Formalization: Taxonomy, 
classes, properties

CLIN1037301

COM1002024

IMG1016224

28



Formal results: Mapping Patterns

29El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered Modular Hyper-Ontology. In Formal Ontology 
in Information Systems (pp. 179-192). IOS Press. doi:10.3233/FAIA241305



EUCAIM CDM
Semantic Integration with 
Hyper-Ontology 

• Follows hyper-ontology/mcode 
conceptual model 
• A domain-specific data model
• Supports cancer, staging, histology, and 

imaging metadata explicitly.
• CDM: structure of data.
• Hyper-Ontology: meaning of data

30

EUCAIM CDM EUCAIM Hyper-Ontology

Table Attribute Domain Object Property Range

PrimaryCancerCondition code Cancer Patient (eucaim:COM1001051) hasCondition Primary Cancer Condition 
(eucaim:CLIN1007988)

Image Series modality Image Series (eucaim:IMG1016309) hasImageModality Imaging modality (eucaim:IMG1000009)

Image Series bodySite Image Series (eucaim:IMG1016309) hasImageBodyPart Body structure (eucaim:BP1000024)



CDM - Data Dictionary
Terminology binding● Datasets are 

materialized as 
purpose-bound tabular 
CSVs per use case.
○ To be represented 

through the CSVW 
standard proposed 
by the 
HealthDCAT-AP.

● Include standard codes 
and labels for 
interpretability.

● Support data 
minimization.



Real world scenarios
Prostate Cancer

32

DAY 0

PSA lab test +DRE

PSA 7.16 ng/mL
free PSA 5.04 ng/mL
Positive DRE

DAY 22

Multiparametric MRI

Positive · PI-RADS 5
max diam: 10 mm lesion, 
Right peripheral zone
cT2b · cN0

NEXT

Fusion biopsy

Confirms cancer
cT2 stage

NEXT

Prostatectomy

Gleason 4+3 
 volume: 0.7 cc / 17 mm diam
pT3b · pN0
Intraductal carcinoma

+6 MONTHS

MRI + PET

Liver metastasis
cM1c

EVENT TYPE Lab test Imaging Pathology Surgery







Real world scenarios
Breast Cancer
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DAY 0 - BASELINE

Mammography + 
Ultrasound

Lump detected
US suspicious · BI-RADS 
5

+6 WEEKS

FNA biopsy

Ductal carcinoma grade II
ER+ · PR+ · HER2− · 
Ki67 12%
cT2N0

+8 WEEKS

CT 
thorax/abd/pelvis

No metastasis
Stage IIA · cT2N0M0

+3 MONTHS

Neoadjuvant 
therapy

Systemic treatment 
begins

+9 MONTHS

Radical 
mastectomy

No tumor found
pT0 · N0

+3 WEEKS (After 
Surgery)

CT restaging

No metastasis · M0

+6 WEEKS (After 
Surgery)

Stereotactic 
radiotherapy

Hypofractionated
Complete response

EVENT TYPE Imaging Pathology Treatment Surgery
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Hyper-ontology Metrics

• New data sets (Pilot sites n=6): breast, lung, thyroid, glioblastoma, 
sarcomas, prostate

• Cancer Types (new=16, total n=22):  Prostate, Breast, Colon, 
Colorectal, Liver, Rectum, Lung, Ovary, Brain, Kidney, Bladder, Cervix, 
Oesophagus, Head & Neck, Bone, Thyroid, Pancreas, Cervix, 
Neuroendocrine, Non-Hodgkin Lymphoma (NHL), Hepatocellular 
carcinoma (HCC), Meningioma

• Examples of modalities: MR, CT, PET, SPECT, Ultrasound, 
Fluoroscopy, Mammography, Video imaging, SEG (DICOM), 
Digital/Slide microscopy, combined modalities

Version Concepts Relations Semantic 
patterns

Semantic 
Mappings 
(Exact)

Mapping to 
OMOP

Synonyms Cancer 
types/subtypes

Modalities Query 
criteria

2.0 (Dec 25) >3700 >150 >120 >2250 >3030 >3370 >250 >50 >450

37



Conclusion & Outlook

FAIR-Compliant cancer imaging hyper-ontology: 
Findable (Zenodo [1]), Accessible (public), Interoperable     
(standards), Reusable (documented [2], extended)

Support of semantic interoperability and 
harmonization across standards 
(OMOP/FHIR/DICOM). 

Established a common semantic layer 
supporting interoperability within EUCAIM.

[1] Zenodo Link: https://doi.org/10.5281/zenodo.10777925.
[2] Hyper-Ontology documentation: https://hyperontology.eucaim.cancerimage.eu/
[3] El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered 
Modular Hyper-Ontology. In Formal Ontology in Information Systems (pp. 179-192). IOS Press. doi:10.3233/FAIA241305
[4] Εl Gosh et al. Integrating Heterogeneous Real-World Cancer Data for Semantic Interoperability in Oncology and 
Medical Imaging: Development and Validation of the Cancer Image Europe Hyper-Ontology, Accepted JMIR 2026.
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Continuous ontology/CDM evolution 
and versioning - expert supervision.

Extension: Integration of additional 
cancer domains and data holders.

Scalability and complexity: ontology 
size, complex relationships/patterns.

Sustainability: new terms, new contexts, 
updated vocabularies, standards updates.. 

Achievements Future Directions/Challenges

https://doi.org/10.5281/zenodo.10777925
https://hyperontology.eucaim.cancerimage.eu/


Tiers of data federation and 
interoperability compliance

● Interoperability at a dataset metadata 
level.

● N/A requirements for node setup.

● Interoperability at the level of the 
federated search.

● FN architecture, specifications and 
configuration in support of Data 
Federation.

● Full Interoperability at the level of the 
federated processing

● FN architecture, specifications and 
configuration in support of Data 
Federation & Federated Processing.

39



OMOP, FHIR, EUCAIM local data models. 
For OMOP and FHIR a mediator and mapping 
component is necessary.



Thank you!
For questions: 

Valia Kalokyri,  vkalokyri@ics.forth.gr
Mirna El Ghosh, mirna.el-ghosh@inserm.fr 

mailto:vkalokyri@ics.forth.gr
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UNICA’s Challenge: Holistic Data Integration 
for International Cancer Advancement

Prof. Óscar Pastor, Full Professor of Computer Science at UPV
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UNICA: Expanding EUCAIM for AI-Powered Cancer Screening

UNICA accelerates the adoption and 
expansion of the EUCAIM infrastructure 
by enabling secure, interoperable and 
federated access to cancer screening 

data across Europe.

UNICA addresses one of the main 
barriers in cancer research: the 

fragmentation of health data across 
institutions, countries and data 

modalities.
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Beyond Imaging: Holistic Cancer Data Integration

Genomics Laboratory Data

Electronic Health 
Record

Image Holistic Conceptual Model 
of Cancer Data
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Beyond Imaging: Holistic Cancer Data Integration

Genomics Laboratory Data

Electronic Health 
Record

Image Holistic Conceptual Model 
of Cancer Data

Conceptual Model of the Human Genome
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Beyond Imaging: Holistic Cancer Data Integration

Genomics Laboratory Data

Electronic Health 
Record

Image Holistic Conceptual Model 
of Cancer Data

A preliminary instance of the Medical Imaging CM...
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Beyond Imaging: Holistic Cancer Data Integration

Genomics Laboratory Data

Electronic Health 
Record

Image Holistic Conceptual Model 
of Cancer Data
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Fast Thinking vs Slow Thinking in Knowledge-based terms
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Key takeaways

“Multimodal integration enables next-generation precision oncology”

“EUCAIM provides the common semantic framework” 

“UNICA operationalises federated cancer data sharing”
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Thanks!
opastor@dsic.upv.es 

mailto:opastor@dsic.upv.es
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Q&A
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Thanks!
UNICA Coordinator: coordinator@unica-project.eu 

Communication Leader: yuliia.sobko@81watts.com 

https://www.unica-project.eu/ 

Follow us on LinkedIn: 

mailto:coordinator@unica-project.eu
mailto:yuliia.sobko@81watts.com
https://www.unica-project.eu/

