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UNIFIED NETWORK FOR INTERNATIONAL
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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:

e Leveraging Al: Rapid Al advancements
offer unprecedented potential for better

screening and early detection. 'hl

e Breaking Silos: Vast repositories of imaging . |
data exist but remain isolated in individual Dt Atcess R TIAL
centers. & Integration

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and ‘ Co-funded by
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The EU Response

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

Unlocking access to
high-quality data

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

: : Extend the Al
support Al innovation. applicability

Enhance Al
capabilities

UNICA directly support this effort Building large-scale Building a
computing infrastructures strong Al talent
across EU base

(HaDEA). Neither the European Union nor the granting authority can be held responsible for them. the European Union
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UNICA Mission

Expanding Europe's
Cancer Imaging
Ecosystem

UNICA enhances the
European Cancer Imaging
Initiative by adding large-scale
breast, lung, and prostate
screening data from 12
medical centres across
diverse and underrepresented
regions, achieving EUCAIM
Tier 3 integration.

Enabling FAIR,
Secure, and
Interoperable Data
Sharing

The project standardises and
FAIRifies de-identified imaging
and clinical data, fully aligned
with EUCAIM, EHDS, and
EEHRXF specifications —
supporting secure, federated
access for research and
innovation.

Advancing Al for
Early Detection and
Patient Benefit

UNICA pilots cutting-edge Al
models for cancer screening,
while promoting patient data
altruism. By boosting high-
quality data availability and Al
adoption, the project
strengthens Europe's efforts
to improve prevention, early
diagnosis, and personalised
cancer care.



Consortium Credibility

16 partners from 10 countries:
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Datasets: estimated size and coverage

Cancer : Screening age New samples (per Retrospective Geographical
Imaging types
type range year) samples coverage
X-rays, CT, MRI, PET, E 0™y ™
Breast Yy 45-74 78,500 78,000 N =
mammograms, US -
X-rays, CT, MR, PET, .
Lung Y US 35-74 31,000 31,000 ElN. .
Prostate X-rays, CT, MR 45-80 28,500 29,000 = - -
1.249.111 1.446.701
Most common cancers in women Most commeon cancers in men
Ilfaa l!_l
Data and Pictures: European Cancer Information & & e & F & e %\,&"‘ &
System (ECIS) and JRC: https://fecis.jrc.ec.europa.eu & I A 4
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https://ecis.jrc.ec.europa.eu/

Final Output

Two deep learning-based models:

e Risk assessment of breast cancer fromm mammograms
e Detection of lung cancer from CT scans

Data
Provider

Data Collection

s -

‘ Medium Risk

Data
Provider

Data Collection
>

Data Collection

High Risk
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Data
Provider

Technology
Providers
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Thanks!

elig.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)
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Data interoperability "
requirements

Data repositories: “Al for Health Imaging” Network (Al4HI), a cluster of 5 large
EU-funded projects on big data and Al 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.

Co-funded by
the European Union

EUCAIM
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Al4HI| network
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EUCAN
IMAGE



OMOP approach in Al4HI == EUCAIM

CANCER IMAGE EUROPE

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

CLINICAL CJ IMAGING
> Slight deviation from standard implementation > ProCAncer-l introduced a Radiology extension [1],
(few non-standard codes, certain focusing on including and standardizing annotation,
assumptions). segmentation and curation data. R-CDM conversion
> The Oncology CDM extension for through the DICOM metadata ETL process.
representing prostate cancer data at the levels > OMOP-CDM introduced Imaging extension [2] but
of granularity and abstraction required to standardized imaging metadata are yet to be included in
support cancer research the standardized vocabularies.
> Use case => Data collected _p
: roCAncer-|
[ Oncology Ext.
OHDSI - :
OMOP v5.4 OMORP “like chaiMele®N

Co-funded by [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
the European Union Processes. JCO Clin Cancer Inform. 2023 Sep;7:€2300101...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.




FHIR approach in Al4HI S EUCAIM

GE EUROPE

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

Semantic interoperability

e Standard Terminology used

 Clinical: SNOMED CT, LOINC, ICD-10 mun — — ™ i
« Oncology: SNOMED CT, NCIT, y _)\ cov || ——> | wevoina ISON | 3 | @ Ecmmuce
|CD_O_3, AJCC EHR ‘ r‘" g ot ‘ v e Repository
« Chemotherapy: RxNorm, SNOMED CT 1 e , ey 0 -
Medlcatlon Codes r 782;: ‘ J * Codebook to name the values
* Some of the terms do not exist in any « EUEANIMAGE auty solsces

standard terminology
* Non standard terminology used
» Create a local dictionary
* Use case => Data collected

Co-funded by EUCAN Y/ _ 7
the European Union QNClSIVE IMAGE A’A HL7" FHIR




Initial dataset collections (n=16)

Starting body sites: prostate, breast, colon, liver, lung, rectum

CLINICAL DATA

Lol
D)

Cancer types

Histology / Morphology

? Tumor marker tests / Results

Ll

qF

oy
22

Staging / Grading
Procedures
Comorbidities
Family history

Specimen, Follow-up, etc.

N

OHDSI OMOP

OHDSI

Co-funded by
the European Union

+

EXAMPLE
Prostate Cancer
Breast Cancer
Colon Cancer
Liver Cancer
Lung Cancer
Rectum Cancer

"RCRncer-l ch MﬁN

Acisive QD fsAY

A" HL7 FHIR

s EUCAIM

CANCER IMAGE EUROPE
[ IMAGING DATA EXAMPLE
;| DICOM Mammogra.phy
. PET Imaging
a Image modality (CT, MRI, PET, US, etc.) mpMRI
h Manufacturer Ultrasound
> Laterality CT scan
Segmentation

© Segment labels

&~ Annotations / Segmentations

'QJCHmr-I ch Mﬁt«

@\cisive @ el

®» Image metadata / values

@ Addresses challenges of semantic

L3 and syntactic heterogeneit

(R4 y 9 y

{ " ) Using different standards (OMOP/FHIR) or
biCOM even the same standard

16



Semantic interoperability remains %: EUCAIM

challenging CANCER IMAGE EUROPE

P4 OHDS! AHLTFHIR Tumor . o
OMOP Common Data e - Different levels of heterogeneity:
- S— Marker
: Test
th mﬁr« - - IMAGE - Healthcare data standards
Result
< SNOMED CT 10010 > » Terminologies
Domain LOINC NGI/; Resource
RadlLex H ]
1200 rytorm (D * Ambiguous, non-standardized data
Condition Observation Meas Value Gancar Typa Nsl%ls::ulzr Hnde
ER positive == Positive YP
SNOMED LOINC SNOMED Breast IDC: Invasive Ductal Carcinoma, | 1: Luminal A, 2: 4:2:3
416053008 85337-4 10828004 ILC: Invasive Lobular Carcinoma, Luminal B, 3:
IPLC: Invasive Pleomorphic Triple
= OHDSI Lobular Carcinoma, IMC: negative/basal-lik
PrOState OMOP C = D Model Cancer Invasive Mixed Carcinoma, IUC: e, 4:
ommon Data Mode . Invasive Unidentifiable HER2-enriched
staglng Carcinoma, IBC: Inflammatory
i Breast Carcinoma, MPT:
l;oCRn_cgr-l chiaiMelel Malignant Phyllodes Tumour,
SPC: Solid Papillary Carcinoma,
HBOCS:Hereditary breast and
Domain Dorgain ovarian cancer syndrome, UMN:
7 k"W Malignant neoplasms
/ Y e = unspecified, DCIS: DUCTAL
Measurement Measurement Meas Value CARCINOMA IN SITU,
R ) pM1a LNH:Lymphomas Non-Hodgkin,
é‘;ﬁzgl’;’gdg:f Ainaaoral ite C sadnoy ;wgé:: M NAACCR Preneoplastic lesions (B3 Breast
RER Co-funded by|| p-7th AJCCUUICCM1a | 900 | |[ES00eei toske
ENCE the European Union

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
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Achieving semantic interoperability: g.: EUC
EUCAIM Hyper - ontology

0 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. “

LOCAL PROJECTS EUCAIM HYPER-ONTOLOGY EXTERNAL TERMINOLOGIES

- e | e
= u-g- see umMLS HL7 IcD-1
OMOP [ FHIR LOINC ose
Local projects Common semantic (meta)model m -

O Itis application-based:

o Federated querying ETL process, CDM,

EUCAIM HealthDCAT-AP
~|
L I I I SOURCE ‘ — HealthDCAT AP
DATA \,,_(,V Metadata

Semantic harmonization enables Standardized concepts enable consistent Supports standardized ETL pipelines,
queries across heterogeneous datasets annotation and segmentation CDM generation and metadata publication




Hybrid Iterative Well-Founded
Approach

EVALUATION & APPLICATION

i
&

Experts

Ontology, clinical and
technical experts

Queries

Federated queries and
use case scenarios

Application into
EUCAIM Components

CDM, HealthDCAT-AP,
ETL (ETL process)

Co-funded by

the European Union

=3
-

‘\

Maintenance

Evaluation and
Validation

A g

“~

AN
)—
Requlrement

Analysis and
pecifications

ey
N4

J

Ontology
Engineer

O

S

Formalization

o owe a(Z RDF

Knowledge |~
Acquisition l

Design and
Conceplualization

4

X,

EUCAIM

CANCER IMAGE EUROPE

DATA MODELS
& STANDARDS

0

HL7 FHIR

\

TERMINOLOGIES

SNOMED CT b

LOINC

/

NCIt

RadLex UCuMm

NACCR RxNorm
ICD-0-3

e

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). I0S Press. doi:10.3233/FAIA241305
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1. Requirement Analysis
and Specifications

Ontology Requirements Specifications Document (ORSD?)

CQG2. Mandatory Clinical Knowledge

"

EUCAIM

CANCER IMAGE EUROPE

€QG2.1 Breast Cancer

Sources: INCISIVE 4.¢, EuCanimage 4.d (UC7, UC8)

CDM: FHIR

Competency Question (CQ) Answer: Label (Vocab, Code) Src

€Q1. Is the patient ID (SNOMED-CT,) 4.d

specified?

CQ1.1Is the patient ID to discuss regarding the user requirements (e.g.,

required in the hyper federated querying)

ontology as a standard

concept?

CQ2. Are any values defined (True {0}/false(1), FHIR} 4.d

for vital status?

CQ3. How is sex defined? Sex assigned at birth (LOINC, 76689-9) 4.d

CQ4. Are any sex/gender Male (finding) (SNOMED, 248153007), 4.d

values defined? ol

Female (finding) (SNOMED, 248152002)

CQ5. Are any breast disorders | Injury of breast (disorder) (SNOMED-CT, 62112002) 4.c

defined?

CQ6. Are any benign Neoplasm, benign (morphologic abnormality) 4.d
ucs

tumors/neoplasms
considered?

(SNOMED CT, 3898006)

€021. What are the HER2 Positive (LAG576-8, LOINC), 4.d

€Q19. What laboratory Carcinoembryonic Ag [Mass/volume] in Serum or 4.c | FISH status values? Negatve (LA6577-6, LOINC)
tests/results are considered Plasma (LOINC, 203?'6,‘ y ©Q22. What grading values of | American Joint Committee on Cancer grade GX 4d
for breast cancer? Cancer Ag 15-3 [Units/volume] in Serum or Plasma invasive tumors are specified | (qualifier valug) (SNOMED-CT, 1228845001,

(LOINC, 6875-9), for breast cancer? G1- American Joint Committe= on Cancer grade G1

HER2 [Presence] in Breast cancer specimen by (qualifier value) {SNOMED-CT, 1228848004,

Immune stain (LOINC, 85319-2), G2 - American Joint Committes on Cancer grade G2

Estrogen receptor Ag [Presencel in Breast cancer (qualifier valus) (SNOMED-CT, 1228850007),

spacimen by Immune stain (LOINC, 85337-4), G3 - American Joint Committes on Cancer grade G3

Progesterone receptor Ag [Presence] in Breast (qualifier value) (SNOMED-CT, 1228851006

cancer specimen by Immune stain (LOINC, 85339-0), g ; A

Melan-A and Ki67 Ag [Identifier] in Tissue by €0Q23. How is tumor staging Tumor staging (tumor staging) (SNOMED-CT, dc

Z defined for breast cancer? 254232007},

froeiinestain {LDIN, TAas0£) Edition of American Joint Commission on Cancer,

BRCA1 gene mutations tested for in Blood or Tissue e '

by Molecular genetics method Nominal (LOINC, Lancer Saging Manual tsed for THM staeing

¢ (observable entity) (SNOMED-CT, 443941007)

21639-0),

BRCA1+BRCA2 gene mutations tested for in Blood or American Joint Committee on Cancar clinical T ad

Tissue by Molecular genctics method Nominal C€Q24. What clinical tumor category allowatle value {qualifier value] (SNOMED-

(LOINC, 59041-4}, staging categories are defined | CT, 1222585009),

Lymphovascular invasion extent in Cancer specimen for breast cancer? American Joint Committee on Cancer clinical N

Qualitative (LOINC, 98260-3), category allowable value {qualifiar value) (SNOMED-

€T, 1222588006),

Cells.estrogen receptor/100 cells in Breast cancer ad Tumor histopathological grade status values {tumor

specimen by Immune stain (LOINC/UCUM, 85329-1), staging) (SNOMED-CT, 258244004),

Cells.progesterone receptor/100 cells in Breast

cancer specimen by Immune stain (LOINC/UCUM,

85325-9), €Q2s. Wbat are the tumor Tx (SNO_MEDQT, 1222604002), ad

Cells.Ki-67 nuclear Ag/100 cellsin Breast cancer staging Clm;cal; {cT] values ch] (SNUMED-UJ 1.228832005)‘

spcimen by Immune stain (LOINC/UCUM, 85330-9), (Breast cancerl? g::{;:g;‘ffﬁo n;EB%ETsff;ggggsoon

ERB§2 gene duplication [Presence] in Breast cancer CTis{Paget) (SNOMED-CT, 1223888009),

spacimen by FISH (LOINC, 85318-4) 71 (SNOMED-CT, 1228830001),

cT1a (SNOMED-CT, 1228392002),

€Q20. What are the HER2 IHC | 0 (LA6111-4, LOINC), ad <T1b (SNOMED-CT, 1228895000),

status values?

1+(LA11841-6, LOINC),
2+(LA11842-4, LDINC),
3+(LA11843-2, LOINC)

cT1c (SNOMED-CT, 1228893006),
cT1mi (SNOMED-CT, 1228891009),
CT2 (SNOMED-CT, 1228929004),
(T3 (SNOMED-CT, 1228938002),

20
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https://zenodo.org/records/14014153/files/ORSD-V1.1.pdf
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CANCER IMAGE EUROPE

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

uc1
Liver
Cancer

Co-funded by
the European Union

uct
s Colon
Cancer

Mapped Mapped
Code Label Source | PEL Gaha 3’"_""!"“
75008 Biopsy of prostate  SNOMED  NCIT cs1701  Prostatic biopsy
399068003 Prostate cancer  SNOMED NGIT C4863  Prostate carcinoma
90470006 Prostatectomy SNOMED NCIT cis307 Froswaicexcision |
75691003 MRIofprostate  SNOMED ICD1OPCS  pyvaazzz Magnetic resonance’

Hierarchical-based

Mappings of OMOP and FHIR Standard Cancer Image Concepts

Label-based

OMOP concepts ox il Biomedical Ontologies

Code Label

85575008 Biopsy of prostate i JNTEIN
1399068003 Prostate cancer

190470006 Prostatectomy
‘75691003 MR of prostate

imaging of prostate |

FHIR concepts =

/——\Biomedieel Ontologies
| Code Label e
|2548370089 Breast cancer | 2 :
1168413002 Hormone therapy

g i
ey cop—n .:_—,'. ==
171651007 Mammography v i = S o
Ts-a I Cod Is-a
Code Label Source s-a e Vocab
254837009 Breast cancer SNOMED Neoplasm of breast 126926005 SNOMED
169413002 Hormone therapy SNOMED Drug therapy 416608005 SNOMED
71651007 Mammography SNOMED Projection radiography RID10345 Radlex
71651007 Mammogr. SNOMED Radiographic 415232002 SN
Ry procedure of chest S

El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered Modular Hyper-Ontology. In Formal Ontology in 21

Information Systems (pp. 179-192). I0S Press. doi:10.3233/FAIA241305



3. Design and Conceptualization:

and Layered Architecture

UL Generic concepts

Modular

EUCAIM

CANCER IMAGE EUROPE

"

‘ Imaging Qualifier

partic‘\gglg_
Disease @  &--"""

CL CoreOntological Conceptual Model Tis'a

=
2
3 :
a Ranked categories
° ; Imaging of pelvis
_partgee® t
Grades

N
Expert &
-

Malignant neoplastic disease

f K input | = =
Secondary Primary Cancer
Cancer Condition Condition

? is-a

NG
‘? DL Taxonomy of domain concepts

N

Syntactic MRI of pelvis Histological grades

mappings
| t

International Society of

Syntactic + Semantic
mappings

Malignant tumor
of pelvis

Metastatic malignant
neoplasm

?

MRI-US fusion guided grade group 1

prostate biopsy

Imaging Common

o
>
- < MRI of prostate i i astasi i
£ ("% OHDSI P Pathology histologic .Metq'stasm to  Malignant neoplasm LOING NCI:
g -OMOP grade group digestive organs of prostate
S |AHL7 FHIR

f‘ 5»'! DSL Domain specific concepts ? is-a

Bicou MRI guided biopsy of International Secondary Primary malignant

prostate Society of malignant neoplasm of prostate
Pathology histologic ~ "eoplasm of liver T

Acinar cell carcinoma
of prostate gland

Clinical & Biological

_aiMo= input__
$8(aZee"
101

Sl Al4HI

Co-funded by

Validation of the Cancer Image Europe Hyper-Ontology, Accepted JMIR 2026.

the European Union El Gosh et al. Integrating Heterogeneous Real-World Cancer Data for Semantic Interoperability in Oncology and Medical Imaging: Development and
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Minimal Common Oncology Data Elements CAIM
(mCODE) CANCERIM AGE EUROPE

mCODE STU 4

BIEIE I EkGe Wyscen s Ea

= Domain of Knowledge implementation guide intended to

Praceture lmnt

St R

show how to represent clinical concepts in oncology

Ffowmaicetin: Base

= mCODE® is a trademark owned by the American Society
of Clinical Oncology (ASCO).

= Thematic groups:

T e i
L -

1. Disease Characterization: cancer staging, and tumor characteristics

Tuvor gertne

(histological classification, grade, morphology, and behavior of tumor cell); =g i o m—
Y
‘Cancer Conditice.
2. Health Assessment: patient’s general health before and during treatment, R e i s
et Ve Test o
gy . Deelr Doz e
such as comorbidities, performance assessment, laboratory tests, and > =
| = Homan (e
history of metastatic cancer; el f cmcan
3. Cancer Treatments: reporting of procedures (surgery and radiotherapy) and e[S | N Bind
L e —— SRS
medications used to treat a cancer patient or relevant to that treatment; Wtimens = T
Sty 1AV e O et Region Studisd e
. . Cocteg G Trve Berumes Searse Oz b s
4. Outcomes: disease status, tumor, and tumor size. — SRR (SRS e
Armven Aol Change Type Atele Tregazrssy. Qe Qhaied Torgen Deseutar
Moccuiy Carmamss Aluis Soue. Liorrtmate Spnam P
S <R
Co-funded by

the European Union  ogerman TJ, et al. Improvi i —_ . =
, . 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/fthir-mCODE-ig/



https://build.fhir.org/ig/HL7/fhir-mCODE-ig/
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mCODE-based Ontological e
Model )

freats

Primary Cancer
condition

Malignant neoplastic disease
(SNOMED:363346000)

Surgical
Procedure

Secondary
Cancer condition

Tumor Marker

Co-funded by Test
the European Union




4. Formalization

(Clinical & Biological)

- cancer condition, morphology, cancer staglng/gradmg, tumor marker test/result, procedures famlly history, etc.

<acharactenzation>> has locaticn 0." _[F<<subkind>> .
Body Location
Al 1o
[ <subking>> Sde= i “"""’""” 1. <achametezation=>
1

Tumor Hists N tic Disease has finding site
R diagnosed wth
hmd:q_y Cancer o a . = qmasv;
R Primary Cancer Condition | 0.* 1,
1
! > <cparticipalion>>
<<category>> <<catagory>> 1 A0 1 T 0\
Cancer Grade Cancer Stage 1 4 <<role>> <<ayent>>
Cancer Patlent Tumor Marker |0.°
& L3 R Test
<<catogory=> <<calagory>»

Prostate Gleason TNM Stage <7
Grade Group <<quality>> M covent=>
% isjont) Lab Test Result Laboratory Test

gory gory QoY =
T N Cat M Cate tumor marker test for <<orirgsAbout>>

Ontological model of mCODE around the Disease characterization
represented using OntoUML

* e ] <cavent> & B
Body Location G Roloted Surgical Procedure
—_— —

Surgical Procedurs

c<maletab 1.°
surgicaly freats o
<<matenal>>
has uncemone
1 e 1.
o “<le>>
Primary Cancor <<material>> | Cancer Patient 1. _<<paricpelion>> 4
CondRion 1 Gagrosed by
o
1.0 <<charactertzation>>
<covent>
Cancer-Relatnd Medicason [~
<cmaterial>> Administration
traats
1 <<tringsAbout=>

<<kind>> e has dredt substance o oo
it 1.0 |Administration of Medication

Ontological model of MCODE around the Cancer Treatment module
represented using OntoUML.

»P
Pk
i e
Y

ATTYYTY

%

¥ @ owtThing
¥ & Cimical and Blological Module
-

Asserted v

@ Body structure

+- () Clinical finding

@ Clinical Test Result
 DiagnosticiScreening Processes or Results

® Disease
: © Abscess
@ Autoimmune disease
& Chronic disease
© Degenerative disorder
@ Disorder due to infection
© Disorder of body cavity
@ Disorder of body system

¥ Neoplastic disease

»

»
»
¥

b G Gl b o ot & o

£ Bonign neopiastic disease

- Carcinoma in sity

© Hormone receptor negative nsoplasm
) Hormone receptor posttive tamor
e positve

»- 5 PR positive

© Malignant neoplastic disease

1 Neoplasm by body site
 Neoplasm of breast

5 Neoplasm of digestive organ

© Neoplasm of digestive system

0 Neoplasm of extremity

) Neoplasm of large mtestine

Types of axioms:

1.

2.

resulted from ontological analysis based on

mCODE and using OntoUML,

based on semantic patterns with the help of

experts,
reused from biomedical

terminologies/ontologies by applying exact

match techniques.

Ecudvsent Te sices

@ Has some
 “Has correspondence’ some ‘Domain: Condition’ Estrogen racaplor positie umor (disordar)
@ Has Some ' yoe: skogadLabal (ype wsd'sting
Observation’
ORSM0 02N [2LEp10T POSINE TUmour
@ "Hormone receptor positive tumor*
COM  [yp2: vsd sting]
Gensial dlass axkn FHIR
, i FHIR_RzsourcaTyps  Mye: xan stingl
'”'@ bt i Obsenaion
ko £ F= OHDSI
@ *Has corrospondence’ sama ‘Doman: Conditio = AHL7Z FHIR
OMOP Common Data Model

s EUCAIM

CANCER IMAGE EUROPE

<@ Protégeé

© "Hormone receplor positive wmor* skosprafLabel MypE kSE'sINg:
2nd (('Has Associated Tumor Marker Test’ some ER posinve
‘Estrogen receptor Ag [Presence] in Breast cancer
specimen by immane stain') shosdefinlt me. x5d sbing]

and (Has Answor only Positve))
An indicafion that eslrogen receplor alpha sxpression has been detzcted in a sample

Neim

2 01

© ‘Has correspondence’ some "Domain: Conditio

© "Has correspondence’ some "Domain: Conditio
© "Has correspondence’ some Domali: Conditio
= ELCAN
chaireu IMAGE
Domain

Resource -

/

I
Meas Value

Condition Observation
ER positive ER Positive
SNOMED LOING SNOMED
416053008 85337-4 10828004
25

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



4. Formalization EUCAIM
(lmaglng & Annotation) E: CANCER IMAGE EUROPE

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

Description: Image Series Annotations: image Sencs
% 8] Equivalert To Anrotations
¥ @ owlThing skos:preflabel  [type:xad string]
»-- @} Cuinical and Blological Module SubCiass of Image Series
B &) Common Module ® Has A ated’ "Patient Position*
; as Associated’ some 'Patient Position
» @ Corre_soondence Module skos:definifion [type: ksd:string|
¥4 Imaging Module ) 'Has Associated’ some Laterality

o Acollaction of images with a common element [NCT
- @ Anatomical Plane @ 'Has Image BodyPart' some 'Body structure' ]

4 Dia tic i

.Mmmﬂ @ 'Has Image * some Yy skos:definition  {type: ¥sd:string|

> @ Imaging (Procedure)} @ 'Imaging Module' A setaf composiie inslances of the same Modality, created by the same

5 @ Imaging finding @ 'Part Of some ‘Image Study’ Equipment, with the same Framz of Reference. [NCIT]

¥ 0 Imaging modality

#-- () Imaging observable skosaltLabel [ype xsd string]

5 @ Imaging observation General class axiems Sories

¥ @ imaging procedure descriptor

W : imaging procequre property SitiCiasn OF EAnoriviiois Anaesion NCIT  ftyoe: xsd:stringl

- @) Laterality B Ry e -

» @ Manufacturer S60228

¥ @ MRimaging coil Instances Soilics: Hmasasiating

- () Patient Position e Do e DICOM name | DICOM ID Examples of Vocabulary source EUCAIM
! 5 SRt

¥ @ Screening procedure NEIEhg22y Values D Concept ID

0 Slice Thickness Target far Key

TZ (Transition

DICOM name m Vocabulary source ID EUCAIM Concept ID Zone of prostate), BPA000100.

CZ (Central Zone RADLEX:RID351,

ti iti % : RID10 1 , BP1000168,
Patient Position ~ (0018,5100)  RADLEX: RID10420 IMG1016605 Segmentiatel | (w082, 000s) | -of mosiale), ng:,ng& BPaouioe,

Body Part Examined (0018,0015) SNOMEDCT:52530000 BP1000024 ZPZ<Pf;Ph9;'a) Lo

0ne of Fros
Manufacturer (0008,0070) NCIT:C25392 IMG1000010

Modality (0008,0080) SNOMEDCT:380037004 IMG1000009 Segment Automatic, Semi- SNOMEDCT:8359006, ~ COM1000008,
method/algorithm (0062,0008) automatic, NCIT:C172484, COM1000005,
Laterality (0020,0060) RADLEX:RID5821 IMG1016305 type Manual SNOMEDCT:87982008  COM1000003
Patient Orientation  (0020,0020)  RADLEX: RID10461 IMG1016610 Segﬁ::;a‘ion (0062,0001) Binary NCIT:C45969 COM1000023
Slice thickness ~ (0018,0050)  RADLEX:RID28669 IMG1016306 Primary, SNOMEDCT:63161005, COM108617,

I T 0008,0008 X
Echo fime (0018,0081)  RADLEX:RID12463 IMG1016641 mags Type ) Axial SNOMEDCT:24422004  COM1000018



4. Formalization
(Common)

"

EUCAIM

CANCER IMAGE EUROPE

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

+ | ® XX
o | lov | R
v Q Common Module
) Age ANDIOR growth period
- Clinical specialty
v 40 Gender
»- (0 Person
@ Physical object
@ Qualifier
- @ Action
» @ Adjectival modifier
+-- (& Bounding box
- ( Classification system
@ Complete response
p ) Context values
@0 Contouring
»- ) Descriptor
) Disease qualifier
¥ ) Disease morphology qualifier
- @ Benign
v @) Disease Grade Qualifier
v 9 Histological grades

0 GX: Histologic grade cannot be assessad
4 High histologic grade
@ Intermediate histologic grade
¥- @ International Society of Pathology histclogic grade group

v-- ) International Society of Pathology histologic grade group 1

"o

) International Society of Pathology histologic grade group 2
) International Society of Pathology histologic grade group 3
@ International y of P; gy gic grade group 4
) International Society of Pathology histologic grade group 5

<
<

Co-funded by
the European Union

Y-¥-¥-¥

@ 'Has method’ some "Histol

Equivalent To

" 'Gleason Primary Pattern Grade 3'
and "Gleason Secondary Pattern Grade 3'

) 'Has correspondence' some 'Domain: Observation'

" 'International Society of Pathology histologic grade
group 1

General class axioms

Of (Anonymous Ancestor)

| grading
) 'Has correspond: * some 'D
" 'Has Subject’ some 'Cancer Patient’
@ 'Inheres In' some Neoplasm

£ 'Related Condition' some '"Neoplasm and/or
hamartoma’

) "Has correspond: * some 'D : Observation’
@ "Has corresp some "D Observation”
) 'Has correspond ' some 'D Observation'
) "Has corry d * some 'D in: Observation®

) 'Has correspondence’ some 'Domain: Observation'
@ 'Has inherent location' some Prostate

@ 'Inh In' some

in: Observation®

abnormality)’

Annotatons
OMOP_Domain_ID [type: xsd:string]
Ohservation

OMOP_Concept_ID  [type: xsd:string]
37154605

skos:altLabe! [type: xsd:sting]
International Society of Pathology grade graup 1
(Gleason score 3+ 3=6)

OMOP_Conczpt_Name [tvoe: xsd:sting

Grade group 1 (Glzason score 3+ 3=6)

skos:exactMatch  [type
UMLS:C5817887

xsd string]

OMOP_Vocabulary_ID [type: xsd:string)
SNOMEDCT
OMOP_Concapt_tode [typs: xsd:string]
1279715000
LIMLS  [type: xsdistring]
C5817887
source [type: xsd:string)
SNOMEDCT:1279715000

27




4. Formalization: Taxonomy, ST EUCIM
Classes, qroperﬂes CANCER IMAGE EUROPE

) Clinical & Biological Module

oM £, z ¢ - hasFocus = ManagingOrgal

® s = Maximambime | SNOMEDCT
Nuclear medicine == nbrofAnnotato,_ ;I SoUrCe
@) Radiographic imaging procedure = nbrOfSegmentations
@ Ultrasound W nbrOfStudies

© Imaging finding = OffsetFrombDiagnosis
v = < = OnsetAge

@ Imamng modality B OtherDimensionValue

@ Spatial and relational concepls -® lmag!ng observaple I~ Performed

@ Nerve sheath tumors ) Special atomic mapping values - Imaging observation == prosent
& Squamous cell neoplasms

@ TD igentmed, number unknown COM1 o 202 4 P 0 Imaging observation descriptor : = SequenceNumber 28
) Transitional cell papi and carci .. @ Unablo to dotarmiio §

»-- 40 Temporal Qualtier
b @ Tumor Morphology > @ Unit of measare

¥ Body structure ) Staging and scales isiti
: : 0 Neoplastic disease - hasAcquisitionParameterValue
» @ Anatomical structure | 7 it e i B @ Assessment scales CLIN1037301 .. hasAdministeredMedication
Y @ ICDO3Topography @ Grade Pathological
¥ Carcinoma in situ i . : 4 .. hasAdverseEvent Annofation property hierarc
© Bladder - @ Gioma ¥ @ Histological grading systems N NasAaATDS ; =
»— @ Brain b @ H i | i 3 French Federation of Cancer Centers Sarcoma Group [FNCLCC) grading system = AsMealaInosis e
#-- Breast b @ Hormone receptor posmve timor : 0 Gleason grading system for prostatlc cancer : . hasAneAFScan — =t :
»- @ Bronchus and lung| ¥ & Mailgnant neoplastic aisease -~ Gleason scoring system for lasm of prostate - H hasAlgorithmType -~ Nebraskal exicon
@ Cervix uteri v Primary Cancer Condition : 1 International SOcrety of Urological Pathology prostate cancer staging system - - nasAnnotal{onLaDel - DMOP_Concept_Class_ID
5@ Colon ¥ @ Glioblastoma multiforme : ) Nottingham hi - 1 hasAnnotation Status - OMOP_Concept_code
b Connective, subcu » @ ICDO3Tumor : ) WHO CNS tumor gradmg system - hasAnnotationType .. DMOP_Concept_ID
] » ¥ & Malignant epithelial necpiasm 4 Miller and Payne Classification - M hasAnnotatorSpecialty B DMOP_Concept_Name
ggs;g:z&us »-@ lasm of abd b @ Tumor grade W hasAnswer == DMOP_Domain_ID
@ H:art er <@ Malgmant neoplasi: of igesine sy=tem ¥ @ Tumor Regression Grade - mm HasAssociatedFinding - DMOP_Bxtension
> @ Kid : g ::Mman: mbgsmgremwma.wgm: ; ) Modified Ryan Sch for Tumor Regressi .. mm hasAssociatedPatient = DMCP_Vocabulary_ID
L hey - — ggh:m ey Ty fract | ¥ @ Tumor staging © Imaging Module - mm HasAssociatedPrimaryConditic - == DMCPGenomic
Vel g NS 9¥: & American Joint Committee on Cancer, Cancq - ) Anatomical Plane m| ... mm hasAssociatedProcedure B owl:backwardCompatbleWith
- Meninges : g mg"a": ml;’"‘g'?‘"’::'l“‘ zys'e"‘ @ American Urological A ion staging syd » @ Density descriptor . m8 hasBirthSex = owi:depracated
< nant neopiasm of skele system & & 5 5
@ Ovary K @ MRt n e T RGR B 7+ & Cancer staging »- @ Diagnosticmaging = hasBodySite = owlincompatibleWith
-~ Pancreas ¥-- @ Malignant neoplasm of thorax @ AJCCIUICC finding o @ image hasCauseOfDeath . owi:prior/ersion
¥ @ Prostate . v~ Mallgnant neopiasm of breast »-- @ Generic anatomical site tumor invasions) .- © Image Series nasClassificationCategory = owiersioninio
@ Rectum »- € Carcinoma of breast »- @ Generic tumor staging descriptor v © imaging (Procedure) |MG 1016224 == hasClinicals = ontiocDstaPropert ™8 queryCriteria
- Stomach ¥ () Malignant neoplasm of arsof-  Qualifier ¥ @) Chestimaging .. hasComorbi | ™ AcquisitionDate - M Race
#-- @ Thyroid » @ Malignant neoplasm of femg - Action : B Imaging of breast .. hasConditiol --mm AgeADiagnosii | mm Radlex
» @ Uterus, NOS i »- @ Malignant neoplasm of nippl] * & Adjectva moditier ¥-- () MRIof chest AIGOTIMNAME gy ate - comment
b © Vagina .~ ® Malignant neoplasm: Nipple | & AlPhanumeric b @ MRI of breast ~mmhasCorresp: | mmAssertedbate | o rdfs-isDefinedBy
e ! »- @ Primary malignant neaplasn) * & AnnotationiSegmentation c ; W hasDateOfLi ;™ AssessmentTe :
#-- ) Morphologically altere Pl be wumor of bronchus | @ Answer or Vaiue Set Mogicalmialign »-- @ Radiographic procedure of chest . hasDecease -~™ BirthDate B rdfs:label
® HistologyMorphology s » 1 Classification system ! N @ Ultrasonography of thorax = HasDirectpy | ™ BirthYear - 1dfs:seeAlso
7 5 - - il 5 & Context values a Study Group ~- @ Fluorescence imagin, asOIrectPr . mm pateOfLastCon ' mm
ging RxNorm
- @ Histologic Behavior and Type lignant neoplasm of| . & pescriptor . © IGRT (image-guided radiation therapy) - W hasEpisodel | mmpeceased B SemanticTyps
¥ Q ICDO3Morphology &) Disease qualifier @ Imaging by body site | .= hasEpisode] - EftectveTimeln I skos:alil [);p1
) Acinar cell neoplasms ¥ Finding value s - .= hasEquipme | ™ endDate I skosaltlaby
1 > neral Clinical stage for disease neocplasm P er &
@) Adenomas and adenocarcinomas - General clinical stage for di ANDIOR neopl maging guidance ..m hasEthnic . Ientf == skos:definition
@ Adnexal and skin B ! ¥4 Mechanisms @ Imaging of central nervous system s _(;“ MY | imageAcquisis| - B skos:exactMatch
nec ; ; - m hasEvidence :
- Complex epithelial neoplasm v : :::::r;a::;:f;';cw"m  Imaging of peNis m=sindex - skos:prefL_abel
4

-4 Cystic, mucinous and serous neoplasms & Number
© Ductal and lobular neoplasms i @ Others :
) Epithelial neoplasms, NOS : i:;veslml status qualifier
® Ffbroeplthellal neoplasms 0 Qualifier for certainty of diagnosis
) Fibromatous neoplasms 0 Ranked categories
) Malignant lymphomas, NOS or diffuse @ Ratio value
) Neoplasms, NOS

v
¥V 9-¥

SRR
N N I Tt

VNN W e W e Y Y




Formal results: Mapping Patterns ®sZ EUC /M

CANCER IMAGE EUROPE

~ >
?" [:" Z& Equivalent To
V@ Mabgngnt neoplasm of thorax @ *Carcinoma of breast' and ('Has Associated
¥ - & Malignant neoplasm of breast Tumor Marker Tost’ some
V © Carcinoma of breast ; 2 2
HER2 [Presence] in Breast cancer specimen s : =
. - Breast Carcmoma by Gene Expression Profile Ly lmmEme stain'Iand (iasAnswer-only _§ Description Digitized hematoxyiin-eosin (HE) slides
; g Positive))) - - Equivalent To
N H -Posmv . s ’ v @ Imaging modality @ "Whole Slide Imaging' and
© HER2 positive (enriched)/HR positive (luminal) - @ combined modalities (involve_staining_method some
P ) HER2 positive(enriched)/HR negative (nonJuminal) SubClass Of - @ mstoaog;c *Hematoxylin and eosin stain method")
) inal B- iti ) : b @ Mag imagi
© L"m'"m 5 HERz‘posmve {0 'Breast Carcinoma by Gene Expression Profile’ -4
- & Infiltrating duct carcinoma of breast i = - Ve K-msmw p Py s
s i i = 'Carcinoma of breas
=] Infiltrating duct carcinoma, NOS, of breast, NOS : ) | v @ Digital Microscopy @ 'Wiole siide imaging’
- &7 Infiltrating lobular carcinoma of breast " hasAssociatedMorphology some 'Malignant i LY, Q Whole Slide Imaging
- @ Invasive carcinoma of breast epithelial neoplasm (morphologic abnormality)' g - @ o e o
« i eneral Class axons
-+ Lobular carcinoma, NOS, of breast, NOS @ hasCorrespondence some ‘Domain: Condition' ® side Microscopy -
-~ £ Mixed ductal and lobular carcinoma of breast = _
> Q Malmnant neoplasm of areola Class hierarchy: G1: Well differentiated | Description: G1: Well differentiated
SIUICC / Description: AICC/UICC 7th pathological M1a Cat %6, 3& Eqivalent To
e @ o v 40 American Joint Commitiee on Cancer allowable value ©7'G1 - American Joint Committee on Cancer grade G1'
ot B Egquvalent To v ) American Joint Committee on Cancer clinical grade allowable value
L v © Cancer staging @ TNM Path M’ and (hasAnswer exactly 1 pM1a) - & American Joint Committee on Cancer grade GX _
v (0 AJCCUICC finding - & G1 - American Joint Committee on Cancer grade G1 2 of
#- 0 AJCCIUICC Tth edition . - @ ) 'Answer of' some 'Grade Pathological'
b @ AJCCIUICC 8th edition Suk:Class Cf - ) G2 - American Joint Committee on Cancer grade G2 @ ‘Histological grades’
B 9 AJCCIUICC MO Category {5 'AJCCIVICC 7th M1a Category’ - £ G2: Moderately differentiated =
v {0 AJCCIUICC M1 Category @ hasC dCica some = - &) G3 - American Joint Committoe on Cancer grade G3 @ hasCorrespondence some ‘Domain: Meas Value'
w4 AJCCIUICC 7th M1 Category Moasuromant - &) G3: Poorly differentiated
» @ AJCCIUICC 7th clinical M1 Category = = ) G4 - American Joint Committee on Cancer grade G4
¥ () AJCCIVICC 7th M1a Category @ hasCorresponderce some eType: - & G4: Undifferentiated
L. £ AJCCIUICC 7th clinical M1a Category Measurement ~ @ G5 - American Joint Committee on Cancer grade G5
S JAJCCIUICC 7th pathological M1a Categor - &) Grade cannot be assessed (GX); Unknown
- AJCCIUICC 7th M1b Category
¥ AJCCIUICC 7th Mic Category
=~ VUL,
the European Union El Ghosh et al. Towards Semantic Interoperability Among Heterogeneous Cancer Data Models Using a Layered Modular Hyper-Ontology. In Formal Ontology 29

in Information Systems (pp. 179-192). |I0S Press. doi:10.3233/FAIA241305



EUCAIM CDM

Semantic Integration with — . -
Hyper-Ontology

. Follows hyper-ontology/mcode = -
conceptual model =} E L
« A domain-specific data model - | ‘ =
- Supports cancer, staging, histology, and = = = =
imaging metadata explicitly. . |
« CDM: structure of data. ==
» Hyper-Ontology:. meaning of data

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 S EUCAIM

CANCER IMAGE EUROPE

e Datasets are Terminology binding

o> E UC A|M Common Data Model

materialized as
purpose-bound tabular Data Dictionary
CSVs per use case.

o To be represented

Clistesl Flse patient

through the CSVW " ey ;
standard proposed sy — ema s eosneess ——
by the A -
HealthDCAT-AP. -~ = —
e Include standard codes : &
and labels for ] P =
interpretability. =T
e Support data gy |
minimization. e
Co-funded by =

the European Union




@ DAY O
PSA lab test +DRE

PSA7.16 ng/mL
free PSA 5.04 ng/mL
Positive DRE

Co-funded by
the European Union

‘world scenarios
tate Cancer

@ NEXT

Fusion biopsy

Confirms cancer
cT2 stage

@ DAY 22

Multiparametric MRI

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

EVENT TYPE @ Lab test @ Imaging

o Pathology

@ NEXT

Prostatectomy

Gleason 4+3

volume: 0.7 cc/ 17 mm diam
pT3b - pNO

Intraductal carcinoma

@ Surgery

CANCER IMAGE EUROPE

@ +6 MONTHS
MRI + PET

Liver metastasis
cM1ic

'Q)CHm;g_r-l

32



Cancer Related Surgical

Cancer Patient

Cancer Stage

Procedure

Identifier

12

23

Morphology

: Identifier 1111 Related Primary
Identifier ECI-123456 Related 515 s - £ Cancer Condition 1111
Condition © Age of diagnosis 59 = Subiect ECI-123456
. B subject ECI-123456 ECI-123456 - - - — e ”
Mariaging k= Ccategory laboratory laboratory e 8 CLIN1000192 (Secondary
Organizatio 1 g CLIN1032410 (Prostate 5 - CLIN1008742 (Primary malignant ~ @ Code r'nallgnant neoplasm of
n o specific Ag CLIN1022987 (Free prostate Sy -oce neoplasm of prostate) 5 liver)
= Code [Mass/volume] in Serum specific antigen level) s (&} ;
5] P 8 O Histology CLIN1023932 (Intraductal = Body Site BP1000105 (Liver)
‘ COM1001366 = £ or Plasma) = : : : =
BirthSex (Male(finding)) |3 Value A Morphology carcinoma, noninfiltrating, NOS, 2 )
B B Na :fbe: 7.16 5.04 g Behavior of prostate gland) S Offset From Primary180
u o
: a BP1000080 (Right posterolateral @ :
Race Value Unit Body Site ) Offset From Primary
Concept COM1000156 (ng/ml)  COM1000156 (ng/ml) y basal peripheral zone of prostate) aiis COM1000153 (Day)
Identifier 1000 2000 3000 77 4000 5000
1 IMG1016133 (Multiparametric CLIN1028950 (Digital IMG1016128 (MRI-US fusion IMG 10161332 (Multiparametric IMG1000037 (Positron
{ CLIN1000248 (Prostatect
jcace MRI of prostate) examination of rectum) guided prostate biopsy) {Frmstatectony) MRI of prostate) Emission Tomography)
* Category IMG1005453 (Imaging (Procedure)) CLIN1D04055 (Evaluation CLIN1000228 (Procedure on  CLIN1000228 (Procedure on  IMG1005452 (Imaging IMG1005453 (Imaging
procedure) organ) organ) (Procedure)) (Procedure))
Subject ECI-123456 ECI-123456 ECI-123456 ECI-123456 ECI-123456 ECI-123456
|Offset From Primary 22 0 180 180
58:;“ FromPrmary 5011000153 (Day) COM1000153 (Day) COM10001532 (Day)
Identifier 9876 8765 7654 6543 Related Condition 1111 1111
Subject ECI-123456 ECI-123456 ECI-123456 ECI-123456 Subject ECI-123456 ECI-123456
coda CLIN1033379 (cT CLIN1033358 (cN CLIN1033379 (cT CLIN1033391 (pT 'g
category) category) category) category) N .. CLIN1022393(Gleason Primary CLIN1022267 {Gleason Secondary
Method CLIN1000417 (AICC/UICC CLIN1000417 (AICC/UICC CLIN1000417 (AJCC/UICC CLIN1000417 (AICC/UICC o Al Pattern Grade 4) Pattern Grade 3)
5 7th edition) 7th edition) 7th edition) 7th edition) g
Value COM1000390 (cT2b) COM1000285 (cNO) COM1000351 (cT2) COM1001000 % Method CLIN1022077 (Gleason Finding) CLIN1022077 {Gleason Finding)
Procedure 1000 1000 3000 77 i
Rel. Condition 1111 1111 1111 1111 Related Procedure 77 77
Identifier Tumor Identifier 99 ¢
Identifier 77 : Subject ECI-123456 ECI-123456
Sub ECI-123456 —
[ SuPiect - Rel.Condition (Focus) 1111 1111
g Related Condition 1111 Related Procedure 1000 77
Sblect B ECIA23150 @ Related Procedure 1000 E Volume 0.7
o S Volume Unit Code COM1000148(cc)
2 IMG1005475 (PI-RADS5 - Very high = : :
~ Code (lesion)) Longest Dimension 10 17
Code CLIN1000248 é Longest Dimension Unit COM1000152 (mm) COM1000152 (mm)
(Prostatectomy) Nilye Histology CLIN1023932 (Intraductal carcinoma,

noninfiltrating, NOS, of prostate gland)



Identifi 1001 4001
\ldentifier 1000 4000 e
Subject ECI-123456 ECI-123456
Subject ECI-123456 ECI-123456 Study UID 1.3.6.1.4.1.58108.1.3...12345678... 1.3.6.1.4.1.58108.1.3...9876543...
=
B Manufacturer Name IMG1000044 (Siemens) IMG1000047 (General Electric)
IMG1016133 A . =
i . < IMG1016133 (Multiparametric ~ ©
(Multiparametric MRI o MRI of prostate) ©  Acquisition Date | |
prostate) g
£ Ppart Of (FK) 1000 4000
IMG1005453 (Imagin IMG1005453 (Imagin
Category (Procedure)) (1maging (Procedure)) (Imagig Access URI https://procancer-i.eu/studies/1.3.6.1.4.1.... https://procancer-i.eu/studies/1.3.6.1.4.1....
Number Of Series 3 3
'Elapsed Days 22 180
[P J Number Of Instances 96 84
Identifier 10011 10012 10012
Study identifier 1001 1001 1001

1.3.6.1.4.1.58108.1.2...4578433...

Series UID 1.3.6.1.4.1.58108.1.2...12345678... 1.3.6.1.4.1.58108.1.2...9876543...
Number 6 8 850
v§ Modality IMG1000022 (MRI) IMG 1000022 (MRI) IMG1000022 (MRI)
% Description Ax T2 DWIb1000 ADC (107-6 mm?/s)
E) Body Site BP1000021 (Prostate) BP1000021 (Prostate) BP1000021 (Prostate)
Laterality -
Access URI https://procancer-i.eu/studies/..../series/...1.2.6..... https://procancer-i.eu/studies/..../series/...1.2.6..... https://procancer-i.eu/studies/..../series/..1.3.6.....
Acquisition Date - - -
Number Of Instances 24 48 24
Identifier 100111 100112 100113 100113
> Series identifier 10011 10011 10011 10011
% Parameter Code IMG1016306 (slice thickness) IMG1016649 (tissue contrast) IMG1016641 {echo time) IMG1016648 (MR imaging coil)
i Parameter Value As Concept IMG1016647 (T2 weighted) IMG1016643 (endorectal coil)
E Parameter Value As Number 3.0 109.48

Parameter Value Unit Concept  COM1000152 (milliliter) COM1001955 (millisecond)



@ DAY 0 - BASELINE

Mammography +
Ultrasound

Lump detected
US suspicious - BI-RADS
5

@ +6 WEEKS
FNA biopsy

Ductal carcinoma grade I
ER+ - PR+ - HER2- -
Ki67 12%

cT2NO

Co-funded by

the European Union EVENT TYPE

@ +8 WEEKS
CT
thorax/abd/pelvis

No metastasis
Stage IIA - cT2NOMO

o Imaging

al world scenarios
reast Cancer

@ +3 MONTHS

Neoadjuvant
therapy

Systemic treatment
begins

@ Pathology

@ +9 MONTHS

Radical
mastectomy

No tumor found
pTO - NO

@ Treatment @ Surgery

® +3 WEEKS (After
Surgery)
CT restaging

No metastasis - MO

EUCAIM

CANCER IMAGE EUROPE

® +6 WEEKS (After
Surgery)

Stereotactic

radiotherapy

Hypofractionated
Complete response




Cancer Patient

Tumor Marker Test

Cancer Stage

6666
59
ECI-45678

CLIN1047300 (Primary malignant
neoplasm of female breast)

Histology Morphology CLIN1021458 (Ductal carcinoma in

Identifier 6000 7000 8000 9000 10000 11000 \dentifier
Identifier  ECI-45678 Subject ECI-45678 ECI-45678 ECI-45678 ECI-45678 ECI-45678 ECI-45678 ek Siagnosi
IMG1016137 SaNIoEeL ('::nenl uteriZZZd (IC'\td)lGn1 uteril’zzd ‘é e
§ IMG1000030 (Fine needle P CLIN1014762 P S Code
Managing ~ Code (Mammogmphy)(Ultrasonograp aspiration of Tomography (CT Scan) (Drug therapy) Tomography (CT g
Organization g hy of breast) Breast) of Chest, Abdomen Scan) of Chest, (&)
\'g and Pelvis) Abdomen and Pelvis) §
(=] i
comooisro i IMG1005453  IMG1005453 CLIN1010523 O
el (Femalelfindi ‘Category  (Imaging (Imaging CLIN1001712  IMG1005453 (Imaging (Therapeutic IMG1005453 (Imaging | > o 4 cita
ng)) (Procedure)) (Procedure))  (Biopsy) (Procedure)) procedure) (Procedure)) E ¥ - -
‘performed 0 0 6 8 12 19 & gﬁ‘:}:g’;ﬁ torgicn
BirthDate 1957-02 : Peltformed COM1000155 COM1000155 (week) COM1000155 COM1000155 (week) BOdy. Site Laterality
Unit Concept (week) (week) Qualifier
Identifier 1 2 3 4 Related Condition
Related Condition 6666 6666 6666 6666 § Subject
Related Procedure 8000 8000 8000 8000 o Category
o
Subject ECI-45678 ECI-45678 ECI-45678 ECI-45678 g; Value
Category Laboratory Laboratory Laboratory Laboratory % Airod
2 etho
CLIN1045815 (Estrogen CLIN1046085 (Progesterone CLIN1049762 (Percent of cell nuclei =
A 3 CLIN1045851 (HER2 [Presence] xy 2 = +
Cade receptor Ag [Presence] in  receptor Ag [Presence] in Epa T L positive for proliferation marker protein Related Procedure
Breast cancer specimen by Breast cancer specimen by 1 tain) P Y Ki-67 in primary malignant neoplasm by \dentifier
Immune stain) Immune stain) MMUNS.52Mn immunohistochemistry) Subject
Value As Concept COM1001310 (Positive) COM1001310 (Positive) COM1001332 (Negative) o Related Condition
Value As Number 12 g Related Procedure
Value Unit Concept COM1000161 (percent) = Risk ':\Szessme"t
Metho
Performed 6 6 6 6
> Risk Assessment
Performed Unit Concept COM1000155 (week) COM1000155 (week) COM1000155 (week) COM1000155 (week) Valia
Identifier 5432 4321 3210 2109 1098 8765 7654 6543 \dentifier 77 28
Subject ECI-45678 ECI-45678 ECI-45678 ECI-45678 ECI-45678 ECI-45678 ECI-45678 ECI-45678 =
'§ Subject ECI-45678 ECI-45678
Code CLIN1033379 CLIN1033358 CLIN1033358 CLIN1033358 CLIN1033341 CLIN1033391 CLIN1033368  CLIN1033341 ) CLIN1014762 CLIN1004693
(cT category)  (cN category) (cT category) (cN category) (cM category) (pT category) (pN category) (cMcategory) S code (Drug (Radical
0 o
CLIN1000398 CLIN1000398 CLIN1000398 CLIN1000398 CLIN1000398  CLIN1000398  CLIN1000398  CLIN1000398 '8 =1 therapy) mastectomy)
Method  (AJCC/UICC (AICC/UICC  (AICC/UICC  (AICC/UICC  (AJCC/UICC (alcc/uicc (aicc/uicc (aicc/uicc = 2
finding) finding) finding) finding) finding) finding) finding) finding) & & Performed 12 16
Value COM1000351 COM1000285 COM1000351 COM1000285 COM1001860 COM1000708 COM1000645 COM1001860 5 a rf d
(cT2) (cNO) (cT2) (cNO) (cM0) (pT0) (pNO) (cMo0) o ze 't°"“e C°M|:°°°155 C°""'i°°°155
Procedure 8000 8000 3000 9000 9000 88 88 11000 Fun fesk] (weck)
ek = 6666 6666 6666 6666 6666 6666 6666 6666 Response
Condition

situ, solid type of breast, NOS)

BP1000136 (Breast)

6666
ECI-45678
laboratory

CLIN1022150 (Grade 2 tumor)

CLIN1037299 (Nottingham
histologic grading system)
8000

7777

ECI-45678

6666

7000

IMG1005459 (BI-RADS assessment)

IMG1005464 (BI-RADS 5)

> Identifier 99

8 subject ECI-45678

g CLIN1029448

D code (Hypofractionated
g stereotactic

3 radiotherapy)

O performed 22

g

E Zi';mmd COM1000155 (week)
2

B COM1001312

o Response

(Complete Response)
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e

Hyper-ontology Metrics

Version Concepts | Relations | Semantic Semantic Mapping to | Synonyms | Cancer Modalities | Query
patterns Mappings OMOP types/subtypes criteria
(Exact)
2.0 (Dec25) | >3700 >150 >120 >2250 >3030 >3370 >250 >50 >450

ooman 1 remmnotoor

° H H - . H H Cancer Types/Subtypes ICD10, SNOMEDCT, ICDO3, NCIT
New data sets (Pilot sites n=6): breast, lung, thyroid, glioblastoma, e S ush e
sarcomas, prostate Body Structure/Topograghy ICDO3, SNOMEDCT, NCIT, RADLEX

Clinical Findings SNOMEDCT, NCIT
* Cancer Types (new=16, total n=22): Prostate, Breast, Colon, SRS EARRy R0ty SHCMERG
. . . . Staging/Grading (e.g., TNM staging, SNOMEDCT, Cancer Modifier, NAACCR,
Colorectal, Liver, Rectum, Lung, Ovary, Brain, Kidney, Bladder, Cervix, Gleason grading) NCIT

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

Co-funded by
the European Union -o

E o—
E o—

Tumor Marker Test (e.g., PSA, ER, PR)
Procedures (surgical, therapeutic, etc.)
Medication
Patient D« graphics (e.g., g
age at diagnosis)
Absence/Presence Findings (e.g., negative,
positive, absent, none)
Unit of Measure
Time Pattern/Time Point (e.g., start time,
follow-up)
Image Modalities (e.g., MRI. CT)
Image Procedures (e.g., MR! of prostate)
Manufacturer (e.g., GE, Philips)
Image Assessment (PI-RADS, BI-RADS)

o

, S6X,

LOINC, SNOMEDCT, NCIT
SNOMEDCT, NCIT, CFT4, ICD10PCS
RxNorm, SNOMEDCT, ATC. NCIT

GENDER, Race, BNOMEDCT, LOING

SNOMEDCT, LOINC
UCUM, NCIT, SNOMEDCT
SNOMEDCT, LOINC, NCIT

RADLEX, SNOMEDCT, NCIT
SNOMEDCT, RADLEX, NCIT, ICD10PCS
BIRNLEX
RADLEX, SNOMEDCT
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Conclusion & Outlook !-: ENEREA%JRM

Achievements Future Directions/Challenges

FAIR-Compliant cancer imaging hyper-ontology: & Continuous ontology/CDM evolution
@ and versioning - expert supervision.

Findable (Zenodo [1]), Accessible (public), Interoperable

(standards), Reusable (documented [2], extended) 2 Extension: Integration of additional

g}} Support of semantic interoperability and “* cancer domains and data holders.

harmonization across standards e Scalability and complexity: ontology
(OMOP/FHIR/DICOM). Al size, complex relationships/patterns.

W Sustainability: new terms, new contexts,

E lish icl )
@ stablished a common semantic layer updated vocabularies, standards updates..

supporting interoperability within EUCAIM.

[1] Zenodo Link: https://doi.ora/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
Co-funded by Modular Hyper-Ontology. In Formal Ontology in Information Systems (pp. 179-192). IOS Press. doi:10.3233/FAIA241305
the European Union [4] El Gosh et al. Integrating Heterogeneous Real-World Cancer Data for Semantic Interoperability in Oncology and 38
Medical Imaging: Development and Validation of the Cancer Image Europe Hyper-Ontology, Accepted JMIR 2026.
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Tiers of data federation and LTI EUCAIM
interoperability comp"ance B CANCER IMAGE EUROPE

+ Basic compliance with the Data Federation Framework : e Interoperability at a dataset metadata

¥ Public metadata catalogue level.
e N/Arequirements for node setup.

; 1 e Interoperability at the level of the
* Medium level of compliance :> federated search.
e FN architecture, specifications and
configuration in support of Data
Federation.

¥’ Federated query

) e Full Interoperability at the level of the
* Full compliance :> federated processing
v Federated processing (and Al model training) ® zqu:;ir::ﬁg? ?ﬁ,sz%epii)?tcslzig;staand
Federation & Federated Processing.

Co-funded by
the European Union




OMOP, FHIR, EUCAIM local data models.
For OMOP and FHIR a mediator and mapping E: EANER%A@EJRM
component is necessary.

= = —\——— — = A

the European Union
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Thank you!

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

®= EUCAIM

B CANCER IMAGE EUROPE
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Agenda

Introduction to the UNICA Project - Elia Broggio

EUCAIM Hyper-ontology & Conceptual Data Model -
Dr. Valia Kalokyri

= UNICA's Challenge: Holistic Data Integration for
International Cancer Advancement - Prof. Oscar Pastor

=  Q&A & Wrap-up




UNICA

UNIFIED NETWORK FOR INTERNATIONAL
CANCER ADVANCEMENT

\

UNICA's Challenge: Holistic Data Integration
for International Cancer Advancement

‘ Prof. Oscar Pastor, Full Professor of Computer Science at UPV

A58 UNIVERSITAT
i) poLITECNICA
502/ DE VALENCIA
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UNICA: Expanding EUCAIM for Al-Powered Cancer Screening

i UNIC )
secu'a : % UNIFIED NETWORK FOR KN\‘ERNATlONAL | |
data sharing CANCER ADVANCEMENT \
FAIR data &
interoperability
Federated
infrastructure
Al-powered e
cancer screening |

GERMANY

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.
Ss- | Greece
O~ Connecting hospitals, Empowering secure, Advancing early detection
(QO ©  researchers and technology ethical and privacy-preserving of breast, lung and
ri providers across Europe data collaboration prostate cancers

P " Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
S U N I‘ A do not necessarily reflect those of the European Union or European Health and Digital Executive Agency

(HaDEA). Neither the European Union nor the granting authority can be held responsible for them.
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Beyond Imaging: Holistic Cancer Data Integration

Genomics

Laboratory Data

Y4
R

o0

e

~ Holistic Conceptual Model ~
of Cancer Data

Electronic Health

Image
9 Record

$i% UNICA s EUCAIM

CANCER IMAGE EUROPE




Conceptual Model of the Human Genome
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A preliminary instance of the Medical Imaging CM...
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Beyond Imaging: Holistic Cancer Data Integration

Genomics

Laboratory Data

Y4
R

o0

e

~ Holistic Conceptual Model ~
of Cancer Data

Electronic Health

Image
9 Record

$i% UNICA s EUCAIM

CANCER IMAGE EUROPE




Fast Thinking vs Slow Thinking in Knowledge-based terms

Machine
Learning

Deep Neural
Learning Networks
5;

’&; © Funded by the European Union. Views and opinions expressed are however those of the author(s) only and Co-funded by
> U N ICA do not necessarily reflect those of the European Union or European Health and Digital Executive Agency the Euronean Union
(HaDEA). Neither the European Union nor the granting authority can be held responsible for them. | J pe

S @

b

Search Identification

S

Load Exploitation

S

@) @)

N2

ONTOLOGICAL
UNPACKING

0o
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Thinking Fast and Slow
in Software Engineering

Glancarlo Guizzardi™, Oscar Pastor, and Veda C. Storey

THINK OF A child learning how to
carch a ball repeatedly thrown to her
by her father. As the child practices
or cantinues with this activity, she
becomes hetter ar it. Theough a pro-
cess of trial and error and across sev-
eral avtempts, the child, in essence, is
gathering more data on whar works
well and whar does not work and,
in this manner, mapping whar she
learns o the outcome (ball carching).
1f the child could possibly articulate
what she learned, the result could be
represented as a funcrion: an exren-
sional marhemarical device mapping
ball paths to the appropriate actons.
With beteer and more and more tn-
als, the accuracy of the function in-
creases. Nonetheless, the function
remains dependent on the available
dara |ball catching experiences).
Now, suppose that, after growing
d

it

(2 symbolic artifact). Morcover, un-
d ding (in teems of

up, the child is able to und,

what occurs when ball throwing,
in terms of concepts and proper-
ties of relevant things in the world,
c.g.. graviry, the initial force of
throwing the ball, throwing angles,
air resistance, distance, and so on,
That understanding could then be
synthesized in one single equation

Digital Odjent Iewtifics 10.110%MS, 2025 3106712
Dhate of et cersm: | Decomber 2034

gives meaning to the elements in the
equarion, and it also explains why
that ion (now an i ional

SASTTIRS00E LAY

carcumstances. Note that the equa-
tion describing the paossible move-
ments of the ball describes this class
of events but does not explain it. For
the ion, we need ro refer 1o

artifact) can account for all the pre-
vious trials (data points) and all pos-
sible future trials, At thar point, the
data points themselves are no lon-
ger needed, The equation, as a sym-
bolic intentional artifact, is all thar
one needs 1 predict how o behave
in possible ball-throwingfcatching

NOVEMBER/DECEMBER 2023 | IEEE SOFTWARE

laws of nature and the concepts and
properties populating the ontology
of the domain.!

Data-Driven Versus
Theory-Driven Knowledge

The ball-catching story illustrates the
wo complementary strategies that

139




Key takeaways

‘EUCAIM provides the common semantic framework”

“UNICA operationalises federated cancer data sharing”

“‘“Multimodal integration enables next-generation precision oncology”




Thanks!

opastor@dsic.upv.es
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Thanks!

UNICA Coordinator: coordinator@unica-project.eu

Communication Leader: yuliia.sobko@8Ilwatts.com

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

Follow us on Linked|n:
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