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Visual Intelligence to support image-
based diagnosis and prognosis

Credits: ALPHA GRID

Providing quantitative e repeatable support to
- detect anomalies

- quantify relevant information

- track disease progress

- monitor therapy interventions

Personal devices to self-monitor or remotely
monitor vital parameters for

- along-lasting wellbeing
- monitoring health status and chronic disease

conditions
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Visual Intelligence for precision radiology

* Attention-based deep neural networks

segmentation and quantification

85 cases - 104 lesions on MRI scans
. . Sl 7 i . 20 IPF patients - CT volumetric scans
Deep Radiomics models & E Training/Test 13/7 cases
- \H /f/\

| HRCT: UIP pattern57
. Subpleural, basal predominance

1
2. Honeycombing

3. Bronchiectasis/bronchiolectasis
4,

. # ; . Absence/paucity of:
e o 56 COVID-19 patients CT scans i St
.. 4 : « Discrete cysts
o £ IFAC Training/Test 36/20 cases s ; R | e
. \ * Ground glass opacity
_—. ‘ oty
§ i ) ]
: g i (. L]|=
- Ll -
o S o z
1 0, 0, 0, 0, 0,
Dice score 86,5%* 12,7% Jaccard score 83,5%+15,1% 2,0%
Only lung images.
Framework Test set T2w ADC T2w+ADC [\ [ sk connections
1

ML 20 0.531[0.250, 0.75] | S

multi P-RADS 0.500 [0.300; 0.715] E R B s
AG-ree DL on L-DS 20 0.667 [0.355, 0.905] F > \ —

mutti P-RADS 0.714 [0.445, 0.883] F
AG-free DL on C-DS 20 0.7750.478, 1] 0.667 [0.392, 0.903] 0.700 (0.455; 0.858] — flﬁ 1

multi PI-RADS 0.524 [0.200, 0.818) 0.547 [0.393, 0.780] 0574 (0.286, 0.819) Fullimage J =
AG DL on C-DS 20 0.875 [0.639, 1) 0.750 (0465, 0.911] 0667 [0.301, 1] § ] O

muti P-RADS 0.500 [0.278, 0.717 0.463 [0.234, 0.817) 0.283(0.09, 0.529] O !

The AUROC values are reported as median (5™ percentile, 95™ percentile]. AG: attention gate; C-DS, cropped dataset; DL, deep leaming; L-DS, lesion dataset; ML, machine leaming.
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Visual Intelligence for precision radiology

NAFLD affects about 20-25% of people in Europe, 30-40% in US, about 25% worldwide

L. i n. of subjects % of population
~ 150 cases from 2 clinical sites sEx () . P
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Artificial intelligence diagnoses lung
cancer

By James Gallagher

* There is a gap between the scientific S eton
literature, news and the real clinical e
practice
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A survey of clinicians on the use of artificial intelligence
in ophthalmology, dermatology, radiology and
radiation oncology
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roCAncer-|

A sustainable Al cloud-based
platform for the
development, verification and
validation of trustworthy, and
reliable Al models for addressing
unmet needs in the clinical
management of Prostate cancer

NAVIGATOR

An open imaging Biobank,
augmented with an open-science
oriented, Virtual Research
Environment, available for medical
researchers and general clinical
stakeholders, for radiomics
analyses and digital patient
models in oncology

A ProCAncer-l PCa

ProCAncer-l Al Framework developed models
Master model

PCa clinical
unmet needs

Al modelling
* High level Al modelling framework

e .3 * Al distributed learning capabilities  vendorSpecific model
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data _ Standardised Al models &
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UCAIM

EUCAIM is the cornerstone of the European Cancer
Imaging Initiative, a flagship of the Europe's
Beating Cancer Plan and a major contributor to
the European Health Data Space. The project aims
to foster innovative data-driven solutions thanks to
a digital and federated infrastructure of FAIR
cancer-related, de-identified, imaging data to
address unmet precision medicine.

EUROPEAN
CANCER IMAGING

INITIATIVE
| December 2022 |

#euCancerimaging

https://cancerimage.eu/



Addressing existing challenges for clinical uptake

N e M:%N ’:UTU R :‘A‘ Guiding Principles
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Flult]ulr] [l Best practices for

trustworthy Al in medicine
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for Standardised
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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

medicine and healthcare based on six guiding principles: Fairness,
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Robustness: Uncertainty quantification

Uncertainty Quantification (UQ): the process of quantifying uncertainties
associated with an Al model outputs

- Great results

- Canbe adapted
to most models

- Requires ad hoc
training

Intrusive ' FUH}’
— intrusive
Learn Rejection

Perturbation Variational

Index Autoencoders

Bayesian NNs

onteCarlo Sensitivi

Drop-out on features

Black box
methods

Inner score
Trust score

New

- Emulate inference
- Easy and adaptable
No probability intuition

e R obustness

- Full control

- Upgrade/model reduction
- Inference and posterior

- The most complex ones

- Requires ad hoc training

Experiments on a ViT and a
regression network

zzzzzzzzz

* Inner score

* Trustscore

* Topological uncertainty score
10
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Explalnablhty a co-design approach

Co-design field studies with end users - decision makers -
radiologists, clinicians

[ProCAncer-I] A clinician perspective for
REVISED & EXPANDED EDITION the GOOD Al-based teChnOIOQieS

supporting medical tasks
https://forms.gle /0J]SR4NXviXGpJh8W8

t*d T h e D E S I G N INTRODUCTION AND MOTIVATIONS
EVOLVE b m IDEA Computer-aided diagnosis (CAD) is a broad concept that integrates medical image
G EN E RAT|O processing, computer vision, mathematics, physics, and statistics into computerized
H U M A N O systems designed to support radiologists in their medical decision-making processes.
Such techniques include the detection of disease and/or anatomic structures of interest,
the classification of lesions, the quantification of disease and anatomic structures
C E N T E R E D (including volumetric analysis, disease progression, and temporal response 10 therapy),
D E S I G N T H I N G S cancer risk assessment, and physiologic evaluation. The recent advances in Al, such as

the development of software and tools based on machine and deep learning, amplified the
potential of CAD systems. On the other hand, since machine and deep learning techniques
generally lack explainability and interpretability, physicians seem to have little faith in Al-

based CAD systems, which fail to spread into large-scale clinical practice

This survey aims to better understand what characteristics the "good” Al-based CAD
D O N system must have to convince doctors 1o use it and trust it

NORMAN e

First read: the CAD system provides an output and then the physician briefly reviews the
case searching for additional findings.

& |J sability
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Prototypical part learning for breast

§
cancer 5%
S 2
CBIS-DDSM (Curated Breast Imaging Subset of DDSM 3
D%
Training Benign 577 Prototypes
Malignant 637
Benign 194
Test

Malignant

Prototype layer

Prototype
activation maps

Activation values
(similarity scores)

Last layer
connection weights

Fully-connected

Carloni et al. On the Applicability of Prototypical Part Learning in Medical Images: Breast Masses Classification ~ 0.011 3.420
Using ProtoPNet. ICPR 2022 - https://tinvurl.com/3sue5mw?2 \ Benicn Malisnant y,
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ProtoPNet's LExplanati()ns
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Al-powered assistive technologies Visual Computing Lab
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Prediction of cardio-metabolic risk based on health parameters
measured through a smart mirror

o Sugar metabolism

o Vascular function

_ Activity
o Diet

D Giorgi, L Bastiani, MA Morales, MA Pascali, S Colantonio, G Coppini, Cardio-metabolic risk modeling and assessment through sensor-based
measurements, International Journal of Medical Informatics, 2022
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Al-powered assistive
technologies

New-born monitoring through
thermal-cameras
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Challenges to Al-powered AAL

JOURNAL OF MEDICAL INTERNET RESEARCH Jovanovic et al
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Review

Ambient Assisted Living: Scoping Review of Artificial Intelligence
Models, Domains, Technology, and Concerns

\—/ Mladjan Jovanovic!, PhD; Goran Mitrov’, MSc; Eftim Zdravevski’, PhD; Petre Lameski’, PhD; Sara Colantonio’,
PhD; Martin Kampel“, PhD; Hilda Tellioghf‘_, PhD; Francisco Florez-Revuelta®, PhD
O e lDepa.r'tment of Computer Science, Singidunum University, Belgrade, Serbia
I I i _ . _ L Mtk

PbSITION PAPER ON ETHICAL, LEGAL AND

POSITION PAPER ON ETHICAL, LEGAL AND SOCIAL CHALLENGES LINKED TO AUDIO-

SOCIAL CHALLENGES LINKED TO AUDIO- AND VIDEO-BASED AAL SOLUTIONS

Network on Privacy-Aware #4
_ _ _ _ AND VIDEO-BASED AAL SOLUTIONS #1
Audio- and Video-Based Applications
POLICY RECOMMENDATION ON

for Active and Assisted Living POLICY RECOMMENDATION ON TECHNOLOGY-DRIVEN ISOLATION OR
AUTONOMY AND INFORMED CONSENT SOLITUDE

COST action 19121

Healthcare wunits overseeing management of Governments should develop strategies to

ethical medical principles, such as autonomy, fostar intergenerational solidarity by

should produce means of communication (e.g.. o mca ol .
organising activities where citizens of
short videos or brochures) to reach relatives of

different ages can interact, such as
older people and managers of facilities. These 9

recreational activities or meetings where they

htt . db th means need to describe, in accessible terms, the
pS. gOO I'O er.ell the can organise to help each other based on

importance of safeguarding relevant
principles when implementing and using audio- their respective strengths.

and video-based AAL systems.

Ccos gogdbrother

gogdbrother
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| © To guarantee the same performance when applied to similarly situated individuals
and across subgroups of individuals, including under-represented groups

-> To enforce the definition and application of standards during algorithm
development, evaluation and deployment

-> To adopt mechanisms for documenting and monitoring the whole
development lifecycle as well as the functioning of the Al tools after deployment

-> To guarantee Al apps are usable, acceptable and deployable for the end-
users in medical imaging real-world practice

-> To ensure generalization capacity and reliability of Al models

-> To provide meaningful and actionable explanations to the clinicians about
the predictions by an Al model
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