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Al for Health Imaging

= Research funding programme of the EC: DT-TDS-05-2020 (Deadline: 13 November 2019)
= Budget: 40 million Euros

= (Objectives:
1. Construction of large interoperable repositories of cancer images.

2. Tools for data anonymisation, protection, curation, harmonisation, annotation and
quality.

3. New Al-based cancer imaging solutions for cancer diagnosis & treatment.
New approaches and methods to validate the Al solutions.
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Projects

1. EuCanlImage: A European Cancer Image Platform Linked to Biological and Health Data for Next-
Generation Artificial Intelligence and Precision Medicine in Oncology

2. INCISIVE: A multimodal Al-based toolbox and an interoperable health imaging repository for the
empowerment of imaging analysis related to the diagnosis, prediction and follow-up of cancer

3. ProCAncer-I: An Al Platform integrating imaging data and models, supporting precision care
through prostate cancer’s continuum

4. CHAIMELEON: Accelerating the lab to market transition of Al tools for cancer management

5. PRIMAGE: PRedictive In-silico Multiscale Analytics to support cancer personalised diaGnosis and
prognosis, Empowered by imaging biomarkers
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Some Statistics

= 100 institutions

= 36 universities, 30 companies, 23 research institutions, 11 others

= All European regions represented (Northern, Southern, Western, Eastern)
= Non-EU partners (USA, Israel, Turkey, Serbia, UK)

= Final budget: € 49,083,915.00
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Focus

EuCanImage Breast (MR, MMG, CEM); Liver (MR, CT); Colorectal cancer (CT,
pelvic MRI)

INCISIVE Breast (US, MMG, MRI, CT, PET-CT, histopathology); Lung(MRI,
CT, PET-CT, histopathology); Colorectal cancer (MRI, CT, PET-
CT, histopathology), Prostate (MRI,CT, Bone Scintigraphy)

ProCAncer-I Prostate (multiparametric MRI); Histopathologic (Whole Slide
Pathology Images)

CHAIMELEON Breast (MMG, DBT, US, MR) ; Lung (CT, PET/CT) ; Colorectal
(MR, CT); Prostate (MR)

PRIMAGE Neuroblastoma (MR, NM, TC, PET/CT); DIPG (MR, TC, PET/CT)
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Common Objectives

1. Define standards (data models, ontologies, open-source tools, cloud infrastructures, Al
standards)

Improve quality and interoperability between repositories and solutions
Define Al guidelines to promote clinically and ethically driven Al
Promote open science, open data and responsible data sharing

Initiate common projects, publications, studies, initiatives, etc.

o oA N

Ensure a single strong voice on key issues (e.g. ethics, data ownership, future research)
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AI4HI Working Groups
| reupe | commite | Bt | "REA® | antpement | il

Governance of the AI4HI Focus on Ethical & Focus on metadata Focus on data Focus on clinical
Definition Network. legal framework, models (imaging and  storage & curation, requirements and
ethics of AI and open non-imaging data). access manager, data unmet clinical needs.
science. linkage.
Deciding on strategic Defining strategic Defining strategic Defining strategic Defining strategic
questions, sustainability  position on the ELSI position on metadata position on the topic.  position on clinical
Objective of the platforms and the issues. Discussing models. Discussing Discussing common issues. Discussing
data, commercial common questions. common questions. questions. common questions.
exploitation.
Communication
WG on image quantification, WG on AI Validation. WG on annotation. WG on common
Definition distributed learning and campaigns, D&C
interpretability. materials.

Defining strategic position on the Defining strategic position  Defining strategic position  Defining strategic position

Al development. Discussing on the Al validation. on the annotation. on D&C activities.

common questions. Discussing common Discussing common Discussing common
questions. questions. questions.
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FUTURE-ALI: Guiding Principles and Consensus
Recommendations for Trustworthy Artificial Intelligence in
Medical Imaging
Karim Lekadir*", Richard Osuala®, Catherine Gallin®, Noussair Lazrak*, Kaisar Kushibar®,
Gianna Tsakou”, Susanna Auss6, Leonor Cerdd Alberich?, Kostas Marias®, Manolis Txiknakis,

Sara Colantonio*, Nickolas Papanikolaou®, Zohaib Salahuddin’, Henry € Woodruff?, Philippe
Lambin’, Luis Marti-Boamati*

“Anificial Inselligence in Medicine Lab (BON-AIM). Foculty of Mathematics and Computer Science, Unéversity of
Barcelons, Spein
*Maggioli SPA. Research and Development Lab, Athens, Greece

First White Papers

“Al for Health Imaging” White Paper on
Metadata Models for Medical Imaging
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Considerations for Artificial Intelligence with Clinical
Impact in Oncologic Imaging: An Al4HI Position Paper
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— X o X o ‘ o %2 Department of Radiology, Medical University of Gdansk, 17 Smoluchowskiego Str.
er Abstract Metadata for medical imaging include data generated from an imaging modality, exam prescription

; codes, description data based on an order, and annotations indicating the content and/or anatomy 80-214,Gdansk; Poland
e The recent advancements in artificial intelligence (Al) combined with the extensive amount of of a particular image [1]. The core of metadata in medical imaging is represented by the Digital © Department of Medical Physics, German Oncology Center, Limassol,4108, Cyprus.

~ data gencrated by today's clinical systems, has led 1o the development of imaging Al solutions Imaging and Communications in Medicine (DICOM) standard that defines the acquisition, the 7 Department of Radiology, Clinica Girona, Institute of Diagnostic Imaging (IDI)-Girona, Faculty of
- across the whole value chain of medical imaging. including image reconstruction, medical im- exchange and the processing of images and associated metadata in the medical domain. The WiSdicing URisrsisy o Girens: Spalh

- age sepmentation, image-bascd diagnosis and treatment plansing. Notwithstanding the successes DICOM file includes metadata that describe the patient’s demographic, the modality and 4 ¥ ;
S and future potential of Al in medical imaging, many stakeholders are concerned of the potential acquisition parameters, and individual image details, ¥ Department of Radiology and Nuclear Medicine, Radboud University Medical Center, Nijmegen, The
~ risks and cthical implications of imaging Al solutions, which are perceived as complex, opaque, . . - .

. and difficult to comprehend, utilise, and trust in critical clinical applications. Despite Py Other medical metadata are represented by the radiology report. which can be in a free-text format Netherlands

- cerms and risks, there are currently no concrete guidelines and best practices for guiding future or a structured format (structured reporting). The report is generated by the human interpretation *Barcelona Clinic Liver Cancer (BCLC) Group, Department of Radiology, Hospital Clinic, University of
/_ Al developments in medical imaging towards increased trust, safety and adoption. To bridge this of images, associated with clinical data, and contains intrinsic information that can be wansformed Barcelona, CIBERehd Spain

gap, this paper introduces a careful selection of guiding principles drawn from the accumalated
experiences, consensus, and best practices from five large European projects oa Al in Health
Imaging. These guiding principles are named FUTURE-AI and its building blocks consist of (i)
Faimess, (1) Universality, (1) Traceability, (iv) Usability, (v) Robustness and (vi) Explainability
In a step-by-step approach, these guidelines are further translated into a framework of concrete
recommendations for specifying. developing. evaluating, and deploying techmically, clincally and
cthically trustworthy Al solutions into clinical practice.

Keywords: anificial intelligence, medical imaging, trustworthiness, recommendations, gusdelines
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into metadata. Many natural language processing applications Lo extract quantitative information
from free text reports are already under develoy However, the d reporting initiatives,
promoted by national and international radiological scientific societies, are speeding up the
adoption of structured reports in clinical practice. Structured reports already have the appropriate
format and content for metadata extraction, and therefore represent an important source of
metadata for large-scale analysis of patient cohorts, for artificial intelligence training and for
multiscale-based simulations

Imaging biomarkers as a specific type of quantitative metadata [4-7][8]

¥ Foundation for Research and Technology Hellas, Institute of Computer Science, Computational
Biomedicine Lab (CBML), FORTH-ICS Heraklion, Crete, Greece

** Universitat de Barcelona, Departament de Matematiques & Informatica, Artificial Intelligence in
Medicine Lab (BCN-AIM), Barcelona, Spain

12 Maggioli S.P.A., Research and Development Lab, Athens, Greece

* Correspondence: Luis Marti-Bonmati marti_lui@gva.es
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FUTU RE_AI www.future-ai.eu

Al
E HOME FUTURE-AI GUIDELINES v ASSESSMENT CHECKLIST CURRENT PROJECTS v CONTACT US

FUTURE-AI: Best practices for
trustworthy Al in medical imaging

FUTURE-AI is an international, multi-stakeholder initiative for defining
and maintaining concrete guidelines that will facilitate the design,
development, validation and deployment of trustworthy Al solutions in
medical imaging based on six guiding principles: Fairness, Universality,
Traceability, Usability, Robustness and Explainability.

Best practices and concrete recommendations to build imaging Al tools that are:
Fair, Universal, Traceable, Usable, Robust, Explainable (FUTURE)
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http://www.future-ai.eu/

Common Challenges

Gianna Tsakou
INCISIVE project coordinator

https://incisive-project.eu/
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Legal & Ethical issues

« Data anonymisation vs.
pseudonymisation: unclarity /
neterogeneity of interpretatio

- Data governance, data ownership

« Heterogeneity of data access
procedures
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Data Interoperability

» Heterogeneity of data models
across clinical centres

 Lack of a single, adequate,
standardized data model

fragmentation of
data repositories
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Image heterogeneity & Annotation

« Heterogeneity of image
acquisition protocols &
equipment used

- Lack of common data annotation, g :v 1S
. A"

curation protocols and standards WY N oy
in cancer imaging A‘l‘?&‘ |

N
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Data Storage

......

Y
Al

» Centralized vs federated approach for storage & access
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Sustainability

« Appropriate models

» Supporting

sustainability

& further | @

enrichment
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Towards a common approach:
A Federated Data Infrastructure

Luis Marti-Bonmati
CHAIMELEON project coordinator

https://chaimeleon.eu/

https://www.primageproject.eu/
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Distributed Data: Medical Centers Perspective

» Data standardization, data quality, data harmonization, data privacy, research reproducibility, and transfer

to clinical practice are critical aspects.

. Federated Core
Healthcare environment Services
Healthcare service Data Warehouse
(Production - RWD) {Research) Research
Platform
* Electronic Health Records at hospitals et s s
Updae Hook Dtk ot be adoraticly staced
e T
Imaging Data
are the source of Structured and e gy
Numbers/pseudonyms batch a“[dnamﬂ:::?“
——
n agi Clinical Data
. 2posha (OMOP & eCRF)
Anonymized Data Warehouses before Loca OMOP 3 Lete
| Mo::zlgyog:«nd Globally Searchable Metadata
s ——— Exlansion eraction
the secondary use of information. AR
Case Request
and Federator
Imaging studies extraction fredne e
Based on the ":f“::::’;:"i:v’“ﬂb:;ﬁ‘g received from . Resource only accessible by the IT team ﬁ
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Distributed Data Infrastructure: Interoperability

é )
« Data Warehouses locally integrate information. - Rules of Participation | [,
o - Service Level T fU
« Standards definitions: OMOP models & Agreements ‘ T‘:;ir:fn‘g’& S o
terminologies, repositories (DICOM, MIABIS), ' izzg‘ge:iiig":de'sg‘ . Use Cases
common Electronic Form Templates.
. ope . ofe ofe C t I Common <
* FAIR (Findability, Accessibility, Interoperability lnfra‘:tr;ufture Access Data |
and Reusability ) principles. Portal
- Central J
Clinical & Image Data Services Clinical & Image Data
Request / \ Request
Public Searchable
Interop Metadata Interop
( Plugin Plugin \
FAIR & FAIR &
Harmonization Harmonization
International / National Institutional Resources
/ Regional Repository Local (Hospital)
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Distributed Data Infrastructure: Hybrid System

» Data providers share linked metadata (images,
molecular, genomic, endpoints).

 Metadata is accessible through a central data
portal.

* Hybrid solution: data is both locally distributed
and centralized in repositories.

Clinical & Image
Request

Interop

Plugin

FAIR &
Harmonization

Common service for :
hash/encrypted ¢ _
pseudonymization i (= ("
supporting merged mm;f%;
datasets for secondaryuse. | | 7 2 £

International / National
/ Regional Repository

DV
Public Searchable
Metadata

( )
Rules of Participation .
. P Access Committee
Service Level
Terms of Usage
Agreements . .
. Training & Education
Business Models &
. Use Cases
Recognition
Common
Central
Access Data
Infrastructure
Portal
\_ J

Central

Services

Local

Clinical & Image Data
\ Request

Interop

Plugin \

FAIR &
Harmonization

Institutional Resources
(Hospital)
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Distributed Data Governance

é )
* Data access request: approvals by the Access T —
. . - Access Committee
Committee. - Service Level . e
Agrt-eements Training & Education
- Business Models & Use C
 Terms of Usage for controlled access and Recognition 5€ £A5€S

agreements with data providers.

Central Common
entra Access Data
. . Infrastructure I
« Data Providers should commit to Rules of Porta
Participation and Service Level Agreements. 9 /\ D

Central
Services

Clinical & Image Data
Request

Clinical & Image Data
Request
Data (

Governance FAIR &
Harmonization

Public Searchable
Metadata

Interop
Plugin

Interop
Plugin

neo®

\

FAIR &
Harmonization

Institutional Resources
(Hospital)

$5330u4 International / National

http://www.idatainc.com/datagovernance/ (Regional RepOSitory
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Distributed Data Infrastructure: Quality

é )

. ) ) ) ) - Rules of Participation Access Committee

* Quality gaps in medical imaging datasets lead to ~ Service Level Terms of Usage
profound errors in experiments. gﬁ;e::;sem el & Training & Education
Recognition Use Cases

 Graded dataset quality and compliance.

. . . Common
*  Services for Data Curation and Annotation. Central Access Data [¢

Infrastructure Portal

g 7 N\ p

Centra)
Clinical & Image Data

Services Clinical & Image Data

Accuracy How well does a piece of information reflect reality?
Request Request
Completeness Does it fulfill your expectations of what's comprehensive?
Consistency Does information stored in one place match relevant data stored elsewhere? .
Public Searchable
Timeliness Is your information available when you need it? I nte ro p Metadata I nte ro p

4 )

Validity Is information in a specific format, does it follow business rules, or is it in an unusable
format? FAI R &
Unigqueness Is this the only instance in which this information appears in the database? Harmonization
https://www.precisely.com/blog/data-quality/data-quality-dimensions-measure I nte rn at IoNna I / N atlo na I
/ Regional Repository

Plugin Plugin

FAIR &
Harmonization

Institutional Resources
(Hospital)

J




Distributed Data Processing & Federated Al

Distributed processes are implemented if data
providers host processing resources for Federated Al
Deep Learning solutions.

)

Models are trained
locally in each center
(data doesn’t move
outside the center Centers Centers

Combining
the trained

Training Iteration i Training lterationi+ 1

DOI: 10.1007/978-3-030-60548-3_18

Clinical & Image Data
Request

FAIR &
Harmonization

Internat. / National /

Plugin

Regional Repository

Central

Services

Public Searchable
Interop Metadata

( )
Rules of Participation .
. P Access Committee
Service Level
Terms of Usage
Agreements . .
. Training & Education
Business Models &
. Use Cases
Recognition
Common
Central <
Access Data
Infrastructure
Portal
\_ J

Interop
Plugin

(Hospital)

Clinical & Image Data
Request

FAIR &
Harmonization

Institutional Resources



Towards a common approach:
A Centralised Core-Services Platform

Manolis Tsiknakis
ProCancer-I project coordinator

https://www.procancer-i.eu/
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Centralised Core-Services

® Irrespective of whether one adopts a centralized or a
federated approach there is a need for the availability of a
range of Core Services, that need to exist centrally.

® These range from

% Services supporting data interoperability

» Services supporting image annotation and curation
Services supporting access control

Services to monitor data usage

Services to facilate Al development and testing

Services supporting monitoring of models post-deployment
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Data Interoperability

®* Key Challenges for establishing data interoperability on Imaging & Clinical data:

R/

% How to define a common data model resolving syntactic and semantic

ambiguities? Data matters more than algorithms

% How to store/retrieve data and their metadata? '

e Common Data Model: OMOP CDM v6.0 Focus on data quality
% Oncology CDM extension for representing cancer data.
s+ OMOP standard vocabularies for the data values

e

Focus on non ambiguous
data representation

®* Open Challenges: No standard entities and vocabularies for imaging data and '
relevant workflows!!

% A first version of Radiology extension to OMOP-CDM is being developed for Data curation
. : : should be accompanied
annotation, segmentation and curation data

by proper metadata
% Participating in the OHDSI Imaging Working Group offering a prostate
cancer use-case
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Image Annotation

One procedure per use-case
o Central
o Local
o Hybrid

Structured reporting
o Dynamically created for each use case

BRADS MBS

Configure Form: BI-RADS MRI

Image annotation (for breast, colorectal & liver)
o Bounding box (2D/3D)

= Amount of fibroglandular tissue (FGT): . © Information ’
o Free draw (2D/3D but manual per slice) 0 sakgound precrym o | i |
o Smart draw (2D/3D semi-automatic) . || @ oo |
AI/Algorithm driven annotation 3| [l |
o Container event 2 3
> Template (input / output) S
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Data Curation

Image Curation is of paramount importance for AI model development

1. The Image Curation tool guides the users through a
series of steps for the curation, quality check, motion
correction, co-registration and final approval and
submission of the study.

Motion Correction

2. Primary tasks:
+» Motion correction of the DWI & DCE Perfusion DICOM Series

% Inter-series registration of DWI & DCE Perfusion Series to the
anatomical T2W Series ¢

»
"E

Level 1
:
Level 2
Level 3
Run.

,,,,,,

3. Users perform quality assessment after inspection of the result
series

% Study-level & Series-level machine-readable metadata
regarding the quality of the respective series are stored in the

Metadata Repository The motion correction services



Data Access

G .
— AR

DATA
REQUESTORS

tt

A

DATA ACCESS COMMITTEE

Tools mediating between Data
Controllers and Data Processors

enforcing the Data Access
Policies

EUCAN
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Control

~ Decentralized setting of Data
~ Controllers and Data Processor

6 Home Networks ~ Studies ~ Datasets ~ Data Access Request Research ~ !n & Polyxeni Gkontra

Data Access Request / My Data Access Requests
My Data Access Requests

€ New Data Access Request

| - Contact and Research Project Information

A. Name, institution, and contact details of the Applicant (Principal Applicant)

Please ensure that a full postal address and a valid institutional e-mail address are included. In case of more than one affiliation, applicants are asked to only provide their contact information
pertaining to the institution they are affiliated with for the purpose of this research project
Name Institutional Email

Title Alternate Email
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Al Central Environment

Virtual

Research = ) Login
Environment

*
*
*

Home
i Homepage
L User Workspace ‘ PROTEOMICS ‘ ‘ IMAGING ‘ ‘ oMICS ‘
& GetData
£? Run Tool / Visualizer
Run ool Viual g.\ i One stop access
@ Help < - - "
1° o :ﬁ: and use of tools
s Ty \ and services to
machine learning multi-omics radiomics RNA-seq SNP ) *support Al model
toolbox network analysis analysis analysis filtering development and
. ; fine tuning
Eabiobb DICOM 2 NIFTI || cardiac image
MD setup converter segmentation

95",
ez 5. PRIMAGE
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Centralised Core-Services

® Services and Mechanisms for Model
Performance monitoring | @ .

*%* support traceability

New

* anomaly detection methods to keep i A
track of drifts (data drifts or model | l
drifts) and provide automated alerts and i e . < AlModel vX.XX

O/

development ! prototype |
warnings. — | | G epertuser veriication
e i | |
* These services are also required in making ( New ) | |/ ualty sssurance
sure that data controllers do receive e | |
“attribution” for their contribution by “data Development branch Test branch Production branch

processors” (i.e. model developers)

** A model passport service is being
developed.

The standardized design and development of these services remains a significant challenge that
demands concerted efforts.



1.
2.
3.
4.
5.

Open Issues

GDPR implementation across jurisdictions

Data ownership and access mechanisms

Data recognition models (e.g. academic recognition)
Business models and sustainability

International cooperation (e.g rare cancer types)
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Thank You
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