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The UNICA Vision
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Context & Urgency

Cancer: a leading cause of death in EU.

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

Although mortality rates are falling (2024 vs 2018: -6.5% for
men and -4.3% for women), the absolute number of cases is
rising.

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



https://ecis.jrc.ec.europa.eu/

Challenges

Unlock the potential of medical imaging by:

e Leveraging Al Rapid Al advancements  offer
unprecedented potential for better screening and early
detection.

e Breaking Silos: Vast repositories of imaging data exist but
remain isolated in individual centers. '

& POTENTIAL
Data Access
& Integration
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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.

EUCAIM Project: Creating a pan-European
federated infrastructure of de-identified

cancer imaging data to support Al
innovation.

Unlocking access to
high-quality data

Enhance Al
Extend the Al capabilities

applicability

Building large-scale Building a
computing infrastructures strong Al talent
across EU base
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UNICA Mission

Increase the geographical reach of EUCAIM by facilitating the federation
and secure sharing of de-identified cancer imaging and clinical data (e.g,
mammograms, X-rays, CT and MRI scans, ..), primarily from screening
programmes and opportunistic screening for lung, breast, and prostate

cancer.

Lung Cancer

Snowflake = uniqueness /

Awareness ribbon

Co-funded by
the European Union
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Objectives

Data
FAIRification

¥

- Empower

patients

Increase
geographical
coverage

Align with
EU initiatives

g Promote
adoption
of Al-based tools

&

Objective 1. Perforrm cancer data standardisation by
applying FAIR principles in alignment with EUCAIM's
standards » FAIR-ification

Objective 2: Expand the geographical coverage of the
European Cancer Imaging Infrastructure (EUCAIM) by
onboarding new imaging data repositories from
underrepresented regions » EU-wide data

Objective 3: Ensure comprehensive alignment with key
EU initiatives » EU-wide strategy

Objective 4: Promote patient empowerment through
targeted communication strategies and dissemination -
EU-wide patient information

Objective 5: Demonstrate the adoption and integration of
Al-based technologies for cancer imaging analysis by
piloting advanced Al models -»Al adoption




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

FEDERATED ENVIRONMENT ‘

REUCAIMC
&d

CANCER IMAGE EUROPE

Data
Provider

Technology
Providers
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Consortium Credibility

L

UNICA

]

D

Technology providers
Data providers

-—

'

5% UNiICA
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15+1 partners from 10
countries across Europe:

ma Estonia (siw)

= Germany (UKK, ULED)
= Greece (AUTH, UOI, 3RHA)
Ll [taly (DATRIX, POLIMI)

@ Lithuania (Lsmu)

== Poland (wssk)
Portugal (Lus, EPR, coa)
@ Slovenia (ukcma)

B Spain upy)

= Ukraine (cccH)
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Consortium
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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/

Project Snapshot

WP1 - Project management

T1.1 - Administrative and financial project management
T1.2- Scwentific and technical project management

T1.3- Project monitoring, quality sssessment and control
T1.4- Day-lo-day management and reporting

T1.5- Data management

WP2 - Ethical and legal agreements, IT security

- Legal, ethical end data protection documents preparation
T2.2 - Warkshops and stakeholders engagement

T2.3- Agreements sion and approvals

T2.4 - 1T security requiresnents

WP3 - Callaboration and alignment with the EUCAIM project
T3.1 - EUCAIM coordination and hnowledge exchange

13 2- Technicz| alignmeni and interoperability

T3.3 - Joint dis semination and outreach

WP4 - Datasets FAIRification and preprocessing

T4.1 - FAIR assessment and improvament

T2

T4.2 - Data warehouse creation

T4.3 - Data harmonisation, quality control, and annotation pipeline

T4.4 - Alignment and ccordinztion with similar 2fforts for the EHDS

14.5 - Promote the adoption of EEHRYF

WIP5 - Federating data into the Cancer Image Europe platform

T5 .1 Federsted node activation

15.2- Training and capacity building

15.3 - Continuous data integration

15.4- Data access and prvacy-preserving mechanisms

WP6 - Technological pilot of Al-based salutions

T6.1 - Development and training of the Al models for the pilats

76.2 - Deployment of the technolagical piot in a chinical setting and federated leaming
16.8 - Testing of the seiution ¥ a clinical setting and collection of feedback

WP7 - Communication and dissemination sirategy

T7.7 - Communication and dissemination planning

17.2-Sesentific dissemmnation

ed projects and inftiatives
t and data altruism campaign

T7.3- Collaborations with
TT7.4 - Patienis empowerme:

Sep 2025

UNICA
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Thanks!

michele.compare@datrixgroup.com
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The Cancer Image Europe
Platform and how UNICA fits
as a "Tier 3" integrator

Ighacio Blanquer
23/02/2026
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EUCAIM Data Population S EUCAIM

CANCER IMAGE EUROPE

| Atlas of Cancer Images | | RWD Observational Studies |

ColA/ MoU

- : | » Lt | Collections Under
Existing Collections —_— ‘ ‘. —_— Construction
Tir .23 & W D

Terms and Conditions Central Hub Terms and Conditions =
Specific \ & ) Specific

dataset dataset

« Basic with the Data Federation Framework

w v Public metadata catalogua search F [ A I R
-Medium-level of compliance @000 020222 — ——
v Fodorated query functionalty y
EUCAIM’s Hyperontology v2.0
* Full compliance
v Federated processing

Co-funded by DSA: Data Sharing Agreement ColA: Collaboration Agreement
the European Union DTA: Data Transfer Agreement MoU: Memorandum of Understanding 17




EUCAIM Architecture

Data User find, explore,
request, access and process

data
Hospital & | Federation
Local Research |  Layer
Data N
Infrastructur
N e Data
| HPC| Holder DSA
= Nodes
DTA |

1
[
[
[
[
[
[
[
’

Access Committee Steering Board

Metadata
Catalogue

Co-funded by

the European Union

Central Hub

Dashboard
Distributed Access
Processing Negotiator

___________________________________________________

References Node with SPE

"

EUCAIM

CANCER IMAGE EUROPE

Hospital &
Research Local
Infrastructure Data
Data Holder
Federated Node
Search
V
DTA DSA
< Temporary
Transfer
18



Data Users’ Journey .': ENHR.[,EAGEEURM

. ; Data = Permit i,
x Iscovery e m—— application m
Data (catalogue T ] —@ (negotiator)
J & explorer) = e EUCAIM
ser 2 Access
—— Committee
Data Preparation
(Data Minimisation,
access
permissions)
Data use T 3355 & pALs i
(@Reference s x Sy v
nodes SPEsor .. = - I s
. F— Researcher = == - =
. Fed processing P == = T et e
) Cmvln"lrwIpn':v“l“:m:rcwni:lllﬁrﬂuli«:m Data .“‘ 1 .

Resource Outputs e
provision -

(@SPEs or Fed

rocessing )
Co-funded by
the European Un




Data Access Model *=" EUCAIM

B CANCER IMAGE EUROPE

P — N o
[~ ]
Flower F ? Flower [ EUCAIM] )
| Federated . s Download
S Processing =, - dataset
l on-site

processing

3. Due to strict traceability
requirements, the datasets
cannot even be directly
viewed by users.

1. External public datasets or
datasets with fewer
traceability restrictions.

2. Datasets that cannot be
downloaded but can be viewed
and processed using VRE
on-site.

“““““

Co-funded by
the European Union



Data Request Lifecycle

Data User

‘ Submitted
)

Abandoned

Co-fundt
the European Union

Approved

Declined

Access
am Committee

Paused

!.: EUCAIM
CANCER IMAGE EUROPE
si% UNiICA

Dataset
Responsible

In Progress

Concluded /

X Submitted

& Representative Unreachable

a: Representative Contacted

< Returned for Resubmission

Q. Checking Availability

@ Resource Unavailable, Willing to Collect
& Resource Unavailable

v Resource Available

() Access Conditions Indicated

v Access Conditions Met

Resource Not Made Available




Data Federation and
Interoperability Framework

M Co-funded by ..- E U c M
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chitecture of the Federation

External services EUCAIM Helpdesk

Core services

Hyperonto PID .
logy Resolver User access .

l

Velero Backup

Dashboard Catalogue Negotiator

Federated Node

|

Local Local Searching

Distributed
Processing

FEM Client

Materializator

Local Support T Service Local Access Service OCl registry
| | ]
@ T
Data atio N 1 Local D — Local Processing Environment -~
Holder . ocal Data

Co-funded by
the European Union

EUCAIM
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Interoperability Layers

Tier 1: At the Catalogue
level

Aggregated information on the
number of studies and subjects that
meet the filtering criteria.

Only aggregated metadata is
available on the platform.

Datasets are shared directly through
the Data Holder's facilities.

Co-funded by
the European Union

Datasets are shared directly in secure
environments.

EUCAIM

CANCER IMAGE EUROPE

b

Tier 3: At the level of the
Federated Processing

All data is encoded using EUCAIM's
CDM.

Datasets can be accessed in secure
environments and through federated
processing.



EUCAIM CDM and S EUCH M
hype ronto logy B CANCER IMAGE EUROPE

EUCAIM hyper-ontology version 2.0 (Dec 2025) defines > 3800 classes, 170 object properties, 50 data
properties, and 55 annotation properties

15 Preprocessing tools available in EUCAIM catalogue (de-identification, annotation, quality assessment,
harmonization, FAIRIification).

EHDS alignment: EUCAIM DCAT-AP in alignment with = =~ ﬁ“"““’e " S— —
the HealthDCAT-AP. B

- Domain-specific model based on FHIR mCODE with
constructs from OMOP CDM (Episodes, Concept tables).

' o *o
fjome® @ e »
Wgusgn an i; Eay g Y R

EUCAIM's Hyper-Ontology

§
g
5
:
L
%:
H

Documents available

- D5.3. The EUCAIM CDM and Hyper-Ontology for
Data Interoperability: final version (link).

- D5.6 Minimum Data Federation and Interoperability
Framework (link). v

- D5.9: The EUCAIM tools for Data Preprocessing and p—
Data/Metadata Management & Interoperability (link). LSS S e

- D5.8 Set-up of Local Nodes for Data Federation (link). S - : ’

Cie aa:
Labceatory of Mudesd Inlomunics s Wrowietge Erginearng i o-Heath (LIVICS|
(Xa85) g Hypee-Osiciogy, 2.0 Zavo

ok 1o Tl

Co-funded by . hyperontology.eucaim.cancerimage.eu https:/zenodo.org/records/18099893
the European Union



https://drive.google.com/file/d/15Tf3-k32EME3mA074UMOrdzt7r_44JpF/view?usp=sharing
https://drive.google.com/file/d/1a8zK-6oFd4xzeSmColbC_VG9V2ffWLum/view?usp=sharing
https://drive.google.com/file/d/1Mn3kpa2dNjJXNmEcVJeHR0Ko4ZO4QYf1/view?usp=drive_link
https://cancerimage.eu/wp-content/uploads/2025/05/D5-11_Local-Node-Set-up-for-Data-Federation_InterimVersion_final.pdf
https://zenodo.org/records/18099893
http://hyperontology.eucaim.cancerimage.eu

Summary of the DH Journey

Initial Assessment

Apply to become a Data holder, TIERs
and DW maturity level questionnaire

Ethical And Legal

Legal Handbook documents and
DTA/DSA

Data Uploading
Request a space in a Reference node,
upload imaging and clinical Data
Run ETL to transform to Tier 3

Dataset Creation

Create and Publish the Dataset,
make a request on the registry.

Federated Search
Deployment of FS Local
Components, and ETL Mapping
to CDM, run ETL & Request
registration in the FS explorer

Federated Processing

Deployment of the FEM client
and a federated computing node

R Co-funded by
the European Union

Dataset Registration

Collect Dataset’s metadata and
make a request on the registry

®= EUCAIM

B CANCER IMAGE EUROPE

Preliminaries

Check documentation, request and
account, follow training

DSA

DTA Local Node Setup

Setup your local node

DTA

Data Preparation

Extract the Imaging and clinical
data, annotation,
de-identification, re-identification
risk and Data Quality assessment

DSA



Data Preparation

Conversion To CDM

Conversion To CDM

N
I e 1 Format Standardization | Data Structuring |
I Format Standardization |
______ == ====-= | | | |
Quality Check (level 2) | Quality Check (level 3) |
De-identification I I I I

De-identification Risk Assessment

Quality Check (level 1) |

Metadata registration in the |
catalogue

De-identification Risk Assessment

De-identification Risk Assessment

Data preparation includes a de-identification process that removes
personal data and obfuscates sensitive data, including detection using

OCR.

The data is transformed into a common model and verified before being
made available to the user.

Tier 3 data undergoes several de-identification risk assessment tasks.

Co-funded by
the European Union

EUCAIM

CANCER IMAGE EUROPE
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https://bio.tools/t?collection|D=%2
7EUCAIM%27

B8 tio.tucl - Blointormatics Tools - X V.

C @ O htpsiio.tools)

-

Menu ~ Iblanque -

Segmentation evaluation

Thia tcol cakculates segmentation metrics (Dice score, infersection over union, Hausdarff distance,
and normalised surface dstance) between two sets of masks. It can be used to quickly caiculate o
rumber of metrics for segmentation medels

o - el

s dnsisis

Commandiinetool [ SOEYAL | EUCAM

Denoising-Inhomogeneity Correction Too! (EUCAIM-SW-015 T-01-01-015}

reprogucitslity of radlomics festunes
ng ueing one of the § intagrated filters
ow Filter (CFF), SUSAN und Non
Locat Means (NM)), and anotner for the ANTs N& and another for the ANT's N4 bias correction
féter. The paramater configurarion of this tool has baen optimised for TW1, T2W, OWI and DCE
sequences In neuroblastoma (NB} and pacdiatric brain tumours, but It cen also be canfigured with

ellect, thus impoving image quaiity
£ two ndependent steps: one for de

some of their parameters using a JSON param onfiguration file.



https://bio.tools/t?collectionID=%27EUCAIM%27
https://bio.tools/t?collectionID=%27EUCAIM%27

Data Users
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EUCAIM’s Core Services (l) == EUCAIM

CANCER IMAGE EUROPE

Catalogue Federated Search

- Provides the list of datasets fulfilling

- Acatalogue has 86 datasets registered. the inclusion criteria and the number

- FAIR Data Point exposing metadata in DCAT. of studies.
- Connected to the Access Request Service - 27 searchable items from EUCAIM’s
; CDM.

« ¢ sy mam e
< CAMCER INAGE BURDPE  Comtmyun  Ditvasrst rLCHM

.......

0 o0
h

o

& :‘rf‘ ;" # ProCacnr “aum “x
h;:t:;e: ava .va’ e ¢ ™ owmrLIon 106 1088
datasots avalablo
h the Europeaﬁ Union health i ®



Status of Core Services (lll) S EUCAIM

CANCER IMAGE EUROPE
Access Request Service Dashboard
- Customised BBMRI-ERIC Negotiator. - Entry point for the user.
- Full life-cycle of dataset access - Data monitoring and User’s Library with the
implemented. datasets with access granted.

- Access forms customised at dataset level.

s Hapstiater x +

Inegotistor-aucaim. grycap Smuugy.ea) od m & B K ® - o

CHAIMELEON ctum Cay = b Y, i)
sasiwrmmssse s wwe o P o BBMRI-ERIC®
the European Union J



EUCAIM Core Services: Training -.: EUCAIM

and Helpdesk

Moodle E-Learning Platform

- Three training courses available for users

- Internal training course (consortium only) is planned

https://training.eucaim.cancerimage.e

- La
d'q.zf IR How Fe BC;Plorforms

" - &
powm L 7
UNivaRrsITA pi Pisa

Co-funded by ) Qe | B @
the European Union SYNLABY/ ¥ o nessiionm

CANCER IMAGE EUROPE

Helpdesk

Integration with RT (Helpdesk/Negotiator) : email forwarding in
place

Integration with Health-RlI XNAT helpdesk : email forwarding
in place, ongoing discussion to implement user templates.

Knowledge base structure is completed and implemented

EE| 31


https://help.cancerimage.eu/#knowledge_base/1/locale/en-us
https://training.eucaim.cancerimage.eu/
https://training.eucaim.cancerimage.eu/

Fed. Processing Dashboard

= r A s oaa

FClUHPL ATM

l— SCUP AIM
| E

= UL ATM

SEUCAIM
|

File type Data type Execution Actions

Al v | an v AN | © Gicar filees |

=3 uploads O uploads 2025102405 06:13 654.00B
README md @ TXT configuration_file uploads 2025102/05 06:13 654.00 B m

= 3rd-demostrator @ 3rd-demostrator 2025002105 09:25 ezo0e  CRES
= weights.zip € zp FL_model_weights 859MB
[rew] fl-aggregator BSCd... © TXT 3.22 ke m
[;:;1‘ fl-rainer HULAFEL.. © TXT LOG_gaia 9 kB m
(=] fl-rainer_CHAIMEL .. © TXT 90 kB =
=3 fl-rainer_UB2 logs @ X1 LOG_data 16 kB m
=3 fl-trainer_BSCd.logs @ TXT LOG_data 1 kB =

= EUCAIM-datasets © EUCAIM-datasets 0008 ot - fs]
bsc:dd662669-bbeb... © URI remote_dataset EUCAIM-datasets 0.00
o IR 1 0.00 o2~ ]
569-39... © URI 0008
ab; (] IRI 0008 =
(=3 repository © repository 2025/02/05 06:13 0008 m

the European Union

EUCAIM

CANCER IMAGE EUROPE

.

Dashboard - FEM
integration

- LS-Login integrated
- Status of Federated
Nodes

- Job management

Current development,
integration with

- Negotiator API
- Data catalogue
- Tools catalogue

-  Main EUCAIM
Dashboard

https://fl.bsc.es/eucaim-fld/



https://fl.bsc.es/cancerimage-fedcomputing/

EUCAIM Core Services:
Virtual Research Environment

SE EUCA M
CANCER IMAGE EUROPE

= 2 @ [ | % Dataset Explorer X s 2023-11-01-15-41-15—jupyts X | +
« C hai am.up ™ C O = B ] o D Mounts the
A GUI with an T QRM p studies of the
ubuntu o .-~ datasets as a
container in a o s et e { 't‘ . U | POSIX volume.
network- | | EEET 5
restricted o ™ \ . ol - \:t
environment U A & Link to a batch
0 U 0 Ui qgeue system
1 ~__|--- with GPUs
Data Analytic and powerful
SW libraries resources.

Data cannot be downloaded due to the network policies and the restricted
-_configuration of the access proxy - accesses are traced and preserved.

b N z\\;; \/&/
3
& Quibim \W )



Tier 3 Federated Nodes

M Co-funded by ... E U c M
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Data Holders Handbook

- Concise document with all the necessary
steps, documents and tools available for

data holders to become nodes of EUCAIM.

- Two checklist for Data Transfer and Data
Sharing nodes.

https://eucaim.qitbook.io/handbook/

Co-funded by
the European Union

s EUCAIM
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https://eucaim.gitbook.io/handbook/

Legal Model EEUCAIM
Fit in EHDS/HealthData@EU e Skt

(a) Appropriate technological capabilities: secure processing environment (SPE), interoperability, technical support, data cataloguing

(b) Having a internal governance framework in place: Data Access Committee and ethical management /data access request
verification, self-assessment tools for data access requesters, internal ethics experts-body or external advisory support.

(c) Compliance frameworks:
(i) GDPR: legitimate origin of the data, roles definitions, risk approach (DPIA, security, data protection by design), SPE + federated
data processing, proper anonymisation and secure pseudonymisation in closed and traceable closed SPEs.
(i) IPR: framework for intellectual property rights, trade secrets or associated rights addressed to data holders and data users.
(iii) DGA+Data Act: Ensure proper integration of data altruism and/or portability processes with DGA and Data Act provisions.
(iv) Have in place requlatory compliance procedures related with the Artificial Intelligence Regulation:

- Granting compliance of artificial intelligence-based information systems that integrate the EUCAIM’s catalogue of applications
or services.

- Verifying compliance requirements of access to data applicants including related regulation (Medical devices)
(v) Procedures for auditing, verification and reporting of violations to the competent authority.
(vi) Procedures and legal documents templates

Co-funded by
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Data interoperability

- The data can be transformed
from the Data holder’s CSV
format into the EUCAIM’s
Hyperontology by means of the
ETL.

- The ETL uses a mapping schema
provided by the Data Holder to
map the different terms,
identifiers and timepoints into the
EUCAIM CDM.

- ETL persists the clinical data into
a Postgress Database.

- Medical Images should follow a
hierarchical model.

Co-funded by
the European Union
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Setup of a local node S EUCAIM

A SW for local node deployment to facilitate the
integration of DH who do not host a local node released

(https://eucaim.qgitbook.io/handbook/federated#id-7.5.-setting-up-a-local-node-with-mini-node)

- Three flavours are being defined

: : R

;irst Micro. It includes a storage area for the anonymised Medical Images, | =~ =" —
version | @ catalogue, an API for creating datasets, a local OIDC AAl, a Secure | =. = ==z ===

Available | Processing Environment with batch processing capabilities and a '

[ Catalogue of Applications.
Mini. It includes the Tier 2 and Tier 3 federation capabilities s i
38

(Federated Search, Federated Execution client, ETL)

Standard. It includes the full data management and processing
functionalities of the EUCAIM Node (it requires a QPInsights licence).
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ol A
The EDIC roadmap %l: CEANHRF&A?JRM

Progress achieved so far towards the constitution of the EUCAIM EDIC:

/ 1
' i START OF
-------------------- L. - e et v e EDIC
| I OPERATIONS
T
EDIC WG Rules of Pre-notification of | epic | Formal Commission
constitution Procedure EDIC application Statutes | application decision
(RoP) N o
WG meetings started Approved Submitted Drafting started Expected
February 2024 JuSintitulel)n24 January 2152025 March 2025 2026
13 MS participating ‘
h Feedback from MCP Accelerator received

May 26th 2025

: CANCER IM EW(
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ions

- The European Cancer Imaging Initiative is imple
through EUCAIM a federated infrastructure for sha
medical imaging data in Cancer.

- Federation maintains a high level of sovefeignty but
implies non trivial infrastructure and operation costs.

- The federated model follows a compliance model by tig
Registry, discoverability and processing.

- Services follow the guidelines of the Europe |
Data Space. v

GENERALITAT
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Thanks!

iblanque@dsic.upv.es
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Agenda

The UNICA Vision - Dr. Michele Compare

Synergies with EUCAIM - Prof. Ignacio Blanquer
-> FAIR Data & Technical Foundations - Prof. Cinzia Cappiello

Federated Learning for Cancer Al - Elia Broggio

Q&A & Wrap-up



UNICA

UNIFIED NETWORK FOR INTERNATIONAL
CANCER ADVANCEMENT

\

FAIR Data & Technical Foundations

Cinzia Cappiello, Associate Professor in Information Systems at POLIMI

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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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The need for Federated Learning

e Getting the best from Al requires high quality, large datasets
e However, GDPR and local policies hinder the collection of large
centralized dataset
e A possible solution is exploiting Federated Learning:
o Each data provider has its own dataset
o Each data provider contributes to a large virtual dataset
m Large-scale data — patient privacy preserved.

- This requires to harmonize the values in the dataset across
Institutional borders

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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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Why we need Preprocessing - Example

H T 0 H H U H i)
Three hypothetical EHRs from DOSSIER MEDICAL 'F'R'E'R d &
_ _ o CARTELLA CLINICA T
different INstitutions, the same INFORMATIONS PATIENT(E) coutal Recor pae
) ) ., DATI DEL PAZIENT A
fact “patient is female - Nom:  Dubols
. ° ° Data di Nassica Eta: 34 renem: | Sophie .
represented in three distinct  swsism s - DOB: I4/0%/1995
. . g;:gmsan@smo: ;‘kks Prénem:  05/09 1988 Kae: 190 em
and incompatible ways. oaii iy e e i
- We need to harmonize RESMRTOBELAYSITA Tale; 175 | Blood Type A
. 4 *la paziente si oytime condition )
the representation Prewae e 7T 2= Aanual check-up. Healthy.
conzizioni gen:rali pe la controlo FU"(“ [féminin | No concems.
de controli di routine. Nessuna T
Conscilata activita fisica fisica Separedet
regulare e dieta equlibirita. =
7
Attribute Value \52(.—]:‘/

Sex 9 Female
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The FAIR Principles

e A compass for better data
practice.

e Adaptable guidelines, not
technical rules.

e Make distributed data findable .
and organized. e

e Foster compatibility across
systems.

ACCESSIBLE

INTEROPERABLE

(REUSABLE

5% UNiICA

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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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Findability

e Each data sample (e.g., image) has an unique
persistent identifier

e FEach data sample is described with a rich set of
metadata:
o Technical metadata: e.g., manufacturer, acquisition date
o Clinical metadata: e.g, patient demographics, primary cancer
diagnosis

e Metadata are indexed in searchable catalogue or
registries



Accessibility

e Accessible # public

e Accessibility rules must be clearly stated and

enforced e
o Who can access data or portion of data (e.g., only aggregates)
o What usage of the data is allowed

e \Who has the rights accesses the data by means of

standard protocols
o Inthe context of federated learning we do not only need to

provide access but also a framework to use the data



Interoperability

e Data and metadata use shared, standardized
formats (e.g. DICOM) and vocabularies (e.g.,

LOINC, SNOMED)

e Enable different system to understand remote data
o Necessary for automatised Al-based solution

e Make easier cross-border analyses

e Enables interdisciplinary collaborations




Reusability

e Ensure that data can be re-used for future and
diverse research questions
o Metadata are associated with relevant attributes and detailed
provenance
Data usage license
Metadata meet domain-relevant community standards

e In medical research we need to respect the scope of

the informed consent
o Reproducibility
o Sligh difference/exploration (subgroups)



From Raw to FAIR to Federated Learning

e The FAIR principles are simple guidelines that must be adapted to each real use
case

e Indeed each use case may pose specific limitations or require additional
requirements

e In UNICA project:
o Medical data - strong attention to privacy and how data are used
o Images - with respect to tabular data, may require further harmonization
o Integrated with EUCAIM - follow their FAIRIfication standards

e Federated Learning requires FAIRIfication but FAIRIfication is not sufficient
o Few additional steps are required?

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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.

Co-funded by
the European Union 52



From Raw to FAIR to Federated Learning

e It is still possible to generic a simple roadmap from raw to federated data

Collection of Definition and Run ETL Fill cgtalog Make
\Wiidg! data

Raw Data Interviews validation of eline
the schema PP metadata available

FAIRIified
Dataset

Run FL code




From Raw to FAIR to Federated Learning

Validate Schema Validate Schema

Code an ETL pipeline

Provide Assistance

~ " Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
U N I < A do not necessarily reflect those of the European Union or European Health and Digital Executive Agency
Q (HaDEA). Neither the European Union nor the granting authority can be held responsible for them.
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From Raw to FAIR to Federated Learning

f Provide a catalog

Fill catalog with metadata

Make data available

FAIRIfied
Dataset




From Raw to FAIR to Federated Learning

Install FL engine FL ready system

Analysis co-creation Analysis co-creation

Develop code

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

cinzia.cappiello@polimi.it
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FAIR Data & Technical Foundations - Prof. Cinzia Cappiello
-> Federated Learning for Cancer Al - Elia Broggio

= Q&A & Wrap-up



UNICA

UNIFIED NETWORK FOR INTERNATIONAL
CANCER ADVANCEMENT

\

Federated Learning for Cancer Al

Elia Broggio, Data Scientist at Datrix

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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What is Federated Learning (FL)?

A decentralized approach to collaboratively
training machine learning models without
centralizing data



Centralized vs. Federated Learning

Centralized learning

e Data Movement: All local datasets are
physically collected and moved to a
single central server.

e Training Location: Model is trained on

/ the combined, massive, centralized
I dataset.

E D . D e Risk: High risk of data exposure,

Userl  User2  User3  Userd Users privacy breaches, and non-compliance

with data residency laws (GDPR, etc.).

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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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Centralized vs. Federated Learning

Federated learning
D8 e e Data Movement: The data never

leaves the Ilocal node. It remains

o sovereign.
e Training Location: The Al model is
AfAHEECES sent to the data. Local nodes train the
model on their proprietary data.

D l e Updates Shared: Only the model
updates are sent back to the central
USEI'I UserZ User3 User 4 UserS server for agg regation.

TEEET RRET SRETRES e Result: A global model that benefits
& a é é é from diverse data while maintaining
maximum privacy.

H
§ fo'aa'al

" Funded by the European Union. Views and opinions expressed are however those of the author(s) only and
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The Four-Step Federated Workflow

Step 1: Initialization

e A global starting model is initialized by the central server
e The model and training configuration are sent to the client nodes (e.g., Hospital A, B, C)
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The Four-Step Federated Workflow

Step 1: Initialization

e A global starting model is initialized by the central server
e The model and training configuration are sent to the client nodes (e.g., Hospital A, B, C)

Step 2: Local training

e Each client trains the model using its own local, private dataset for a specified number of
steps
e The raw data stays local and is never seen by the central server

Step 3: Aggregation

e Clients send only the updated model parameters (weights/gradients) back to the server
e The central server aggregates these updates to create a new, refined Global Model

Step 4: Iteration & refinement

e The improved Global Model is sent back out to the clients for the next round of local training
e This cycle repeats until the model converges or reaches the target performance metric




FL: The train station analogy

Raw data

FAIR-ification

5: EUCA Train\

CANCER IMAGE EURUPE

Analysis

Task <D
||||=é-

E

]

[I Results
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Key Benefits of FL

1. Data Privacy & Compliance

e GDPR, EHDS: Keeps sensitive data (especially medical images) where it belongs: inside the
hospital firewall
e Only non-sensitive model parameters are exchanged
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Key Benefits of FL

1. Data Privacy & Compliance

e GDPR, EHDS: Keeps sensitive data (especially medical images) where it belongs: inside the
hospital firewall

e Only non-sensitive model parameters are exchanged

2. Increased Model Robustness

e Data Heterogeneity (Non-IID): FL models learn from the real-world diversity of patient
populations and scanners across different regions

e Models are less biased and generalize better to new, unseen clinical sites

3. Efficiency & Scalability

e Reduced Bandwidth: Model updates are significantly smaller than raw image datasets.

e Computation load is distributed across the client nodes, allowing us to leverage local
processing power.




Key Challenges in FL

1. Data Heterogeneity

e Clinical data across EU member states is inherently non-uniform:
o Patient demographics: Age, ethnicity, risk profiles, etc.
o Different hardware vendors (Siemens, GE, Philips, etc.)
o Clinical protocols: varying screening guidelines, image acquisition settings, etc.
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Key Challenges in FL

1. Data Heterogeneity
e Clinical data across EU member states is inherently non-uniform:

Patient demographics: Age, ethnicity, risk profiles, etc.

Different hardware vendors (Siemens, GE, Philips, etc.)
Clinical protocols: varying screening guidelines, image acquisition settings, etc.

o
(@]
(@]

2. Data Quality & Standardization
Data across hospitals use different standards (e.g., DICOM tags, labelling conventions,

imaging protocols) -~ Mandatory FAIRification Pipelines at each local node to harmonize

data before local training

3. Infrastructure
e Varying levels of computational power and other IT resources among hospitals



Al Pilots

Two deep learning-based models:




Al Pilots

Two deep learning-based models:

e Risk assessment of breast cancer from mammograms
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Al Pilots

Two deep learning-based models:

e Risk assessment of breast cancer from mammograms

e Detection of lung cancer from CT scans
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elig.broggio@datrixgroup.com
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Thanks!

Unica Coordinator: michele.compare@datrixgroup.com

Communication Leader: yulila.sobko@S8Iwatts.com

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

Follow us on Linked|n:
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