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What is an Al system ?

« a machine-based system designed to operate
with varying levels of autonomy and, that may exhibit
adaptiveness after deployment and that, for explicit or

implicit objectives, infers, from the input it receives,
how to generate outputs
such as predictions, content, recommendations or
decision that can influence physical or virtual
environments »

Source: N Alkhayat DG SANTE ‘Al Act / MDR webinar with TEF-Health’, 10. Jun 2024
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What is an Al system ?

e N e
« NUMERICAL »

« a machine-based system designed to operate
with varying levels of autonomy and, that may exhibit
adaptiveness after deployment and that, for explicit or

implicit objectives, infers, from the input it receives,
how to generate outputs
such as predictions, content, recommendations or
decision that can influence physical or virtual
environments »

Source: N Alkhayat DG SANTE ‘Al Act / MDR webinar with TEF-Health’, 10. Jun 2024
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What use of Al in health ?

Predictive
e.g., disease prediction

Precision Medicine
e.g., recommending treatment

Decision Support

e.g., health indicators suplpying
Preventive

e.g., pharmacovigilance

Assisted Surgery

Robots /Assistant e.g., specifying zone

e.g., guiding patients
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S AI-Powered Cardiology Assistant Helps Doctors Predict
* Heart Risks Early
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BUILD IT: CONNECTIVITY

How voice Al can slash healthcare clinicians' workloads —
and offer companionship for older adults

By Effie Webb

THE BEST INVENTIONS OF 2024

Catching Cancer Early
Northwell Health iNav

1 MINUTE READ
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Conformity assessment

12 July 1 Aug 2 Feb 2 Aug 2 Aug 2 Aug 2 Aug 31 Dec
2024 2024 2025 2025 2026 2027 2030 2030
I I I I I | | I
EU Al Act published EU Al Act Rules on subject Rules on The EU Al Act applies, Rules on high-risk Al The grace period for
in the Official Journal enters into matter, scope, notifications, GPAI the general grace period systems under Art.6(1) high-risk Al systems
of the EU on force definitions, Al models, certain for high-risk Al systems come into effect on intended for use by
12 July 2024 1 Aug 2024 literacy, and enforcement issues, ends, and the bulk of the 2 Aug 2027 public authorities
(Art.113) prohibitions come and penalties come operative provisions (Art.113(c)) ends on
into effect on into effect on come into effect, on 2 Aug 2030
2 Feb 2025 2 Aug 2025 2 Aug 2026 (Art.111(2))
(Art.113(a) (Art.113(b) (Arts.111(2) & 113)

. EU Artificial
— + Intelligence Act
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Risk-based approach
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UNACCEPTABLE RISK Prohibited Risk-based approach

e.g., social scoring

HIGH RISK Pgrmitted b_ut subject to compliance
with Al requirements and ex-ante

e.g., medical devices )
conformity assessment

TRANSPARENCY RISK Permitted but subject to
e.g., deep fake information/transparency obligations

MINIMAL OR NO RISK Permitted with no restrictions
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Testing and Experimentation Facilities (TEFS)

Al-Act: Defines the role of TEFs ‘"' i q’\
As implementation instrument AlA . ’ +
TEFs provide "technical and scientific support @=p

for providers and notified bodies* Higher education Healthcare
Institutes ‘ Applied research
‘e

. Basic research
Four TEF projects

« Agri-Food: “agrifoodTEF”
« Healthcare: “TEF-Health” h y 3
« Manufacturing: “Al-MATTERS” Industry 2 i /%
* Smart Cities & Communities: “Citcom.Al" Small and medium-sized enterprises (SME:s) fz \‘x iz | of
Research and development Py -
Marketing and sales QQHea\’CC

https://tefhealth.eu/home
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Medical Device Requirments + Guidelines — Health community initiatives

CONSORT-AI
FUTURE-AI
TRIPOD+AI
PROBAST+AI
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Medical Device Requirments + Guidelines — Health community initiatives

RESUARCH MCTHILS AND KIDCETING

FUTURE-AI

TRIPOD+AI
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Medical Device Requirments + Guidelines — Health community initiatives

RESUARCH MCTHILS AND KIDCETING
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Medical Device Requirments + Guidelines — Health community initiatives

Specific to Al for health evaluation

CONSORT-AI
Technical Privacy and Diversity, non- Societal and
FUTURE-AI Humanag?ncy robustness and data Transparency  discrimination, environmental  Accountability
and oversight ‘ : :
safety ‘governance and fairness wellbeing
TRIPOD+AI
PROBAST+AI

Many criteria for Trustworthy Al in health
-> concrete definitions and methods/metrics to
evaluate each are still in development
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Medical Device Requirments + Guidelines — Health community initiatives

Specific to Al for health evaluation

CONSORT-AI
Technical Privacy and Diversity, non- Societal and
FUTURE-AI Humanag?ncy robustness and data Transparency  discrimination, environmental  Accountability
and oversight ‘ : :
safety ‘governance and fairness wellbeing
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Objectives

2 Creating a European interdisciplinary network to gather complementary expertise

|/

glﬁ Implement services to facilitate market access for these technologies, taking into account regulatory requirements
\J|Z/ (certification, standardization, code of conduct, etc.)

{(B- Testing and evaluation of Al solutions (software and hardware) in real or realistic, large-scale environments.
—élls I licies for th luti loppi hodologi ificati

N upport regulatory policies for these solutions by developping concrete methodologies (certification, standards, etc.)
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Single EU-wide
entry point through
www.tefhealth.eu

A

-
* Idea

* Research & Development
N Data collection

‘---------------------

—

(. Innovation and validation
« Testing in simulated/real environments
N CE marking

T T d

’--

----------------------4 -I

. Medical Device on the market

« Solution available to
. patients/healthcare professionals Bed
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Business Models 1. Need

TEF-Health supports Ui g

fields of application

2. Idea (concept)
First idea of a venture,
program or solution.

TRL 6 and higheﬂl.Standard practice

Sustainable scaling

Technology Readiness

Level (TRL)
9. Day-to-day use Implementation 3 Proof of
(production) concept
Business model Problem-
holds and can scale " Solution Fit
8. Approval & Launch Validation 4. Proof of

feasibility
Product on market , Customer definition

o A 5. Proof of value
7. Validation (operational (relevant environment)

environment) S Customer validation

Product-market fit & Prototvping Hypothesis testing

Review Meeting #02
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Business Models 1; Need

Understand problem and
fields of application

TEF-Health supports
TRL 6 and higheﬁl.Standard practice

lechnical and scientific support for
=it A a /1 ore = ale :‘;‘F\, o .-:-_
2. 1dea (concept) Health Al providers and notified bodies

First idea of a venture,

Sustainable scaling program or solution.

Technology Readiness

Level (TRL) - eirg arc
9. Day-to-day use Implementation 3 Proof of - :.: -
(production) concept
Business model Problem-
holds and can scale I Solution Fit A
S-S
‘5‘“ arww A - e
8. Approval & Launch Validation /ff‘ 4. Proof of . s / w

T 4
>

R, S feasibility
Product on market Ny /-“'" Customer definition
~ ” o

- ) — 5. Proof of value N
7. Validation (operational (relevant environment) . %Y o

environment)
Product-market fit

Customer validation

6. Prototvping Hypothesis testing
Review Meeting #02

Open to
the whole

of EU & 337

beyond

Services
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TEF-Health Call 2
EU/EEA startups and SMEs evwp—— Y
can apply for price reductions pariners in 9 countries cficing testing |

What & TEF-Health? Who Can Apply?

5] SMEs legally estaniished n EU or EEA

faciliti s expurt > el .
. e e s o A | 2 Dol Al somotes aor i https://tefhealth.eu/call/call-2
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Work with Alex Poiron, PhD student - Coming paper
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Trueness refers to the closeness of agreement between the arithmetic mean of a large number of test results and the true or
accepted reference value [ISO 5725-1:2023]
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Trueness refers to the closeness of agreement between the arithmetic mean of a large number of test results and the true or
accepted reference value [ISO 5725-1:2023]

'

How to mesasure closeness of aggreement ? How to gather the reference value ?
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Trueness refers to the closeness of agreement between the arithmetic mean of a large number of test results and the true or
accepted reference value [ISO 5725-1:2023]

How to mesasure closeness of aggreement ? How to gather the reference value ?
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Poiron, A., Cabon, S., & Cuggia, M. (2024). How Trueness of Clinical Decision Support Systems Based on Machine Learning Is Assessed?. Digital
Health and Informatics Innovations for Sustainable Health Care Systems, 813-817.
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Trueness refers to the closeness of agreement between the arithmetic mean of a large number of test results and the true or
accepted reference value [ISO 5725-1:2023]

How to gather the reference value ?
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Trueness refers to the closeness of agreement between the arithmetic mean of a large number of test results and the true or
accepted reference value [ISO 5725-1:2023]
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AREA UNDER THE RECEIVER OPERATING CHARACTERISTIC CURVE (AUROC)

Synonyms: AUC (Area under Curve), AUC - ROC (Area Under The Curve - Receiver
Operating Characteristics), C-Index, C-Statistics

Threshold = 0.4

Performance of Al for Medical Image analysis
METRICS Reloaded

Scan over
thresholds

Sensitivity

T

i— 1T 1T T 1T T 1 T 1 - Specificity
00 01 02 03 04 05 06 07 08 09 1.0

Predicted class scores
VALUE RANGE: [0, 1] T
An AUROC value of 0.5 refers to a prediction which is not better than random guessing.

Maier-Hein, L., Reinke, A., Godau, P., Tizabi, M. D., Buettner, F., P— RECOMMENDED FOR

ImLC SemS ObD InS
. . . . AUROC measures the area under the ROC curve and in-

Christodoulou, E., ... & Jager, P. F. (2024). Metrics reloaded: dicates how well the probabiles o the postive cass @

are separated from those of the negative class. In other

recommendations for image analysis validation. Nature methods, 21(2), words, AUROC represents the probabiltyofa randomly  DEFINITION

sampled positive case having a higher predicted class [Hanley and McNeil, 1982]
195_ 2 1 2 score than a randomly sampled negative case.
. METRIC FAMILY
Multi- Distance-
CARDINALITIES Counting  threshold based
TP FP FN ™ metric metric metric
@ ) & & ®
RELEVANT PITFALLS

- AUROC is not designed for object-level validation, i.e,, does not measure localization perfor-
mance, and is invariant to the number of reference and predicted objects (Fig. SN 2.1 in [Reinke
et al,, 2023]).

- AUROC tends to be averly optimistic for imbalanced datasets (Fig. 4a in [Reinke et al,, 2023]).

- Small sample sizes yield large confidence intervals for AUROC (Fig. SN 2.16 in [Reinke et al.,
2023]).

Dergity Estimatg (EC Expeced O3 o Errg ) - In the absence of predicted class scores, AUROC should not be calculated, otherwise, ad hoc
rules need to be defined (Fig. SN 2.20 in [Reinke et al., 2023]).

- Small changes in the predicted class scores may heavily affect the AUROC score [Reinke et al.,
2021).

- Within the ranking, predicted class scores are neglected, not affecting the AUROC score,

- AUROC depends on the definition of TN (undefined for ObD and InS).

Capecine Callb ration Lr

RECOMMENDATIONS
- AUROC is our recommended default multi-threshold metric for ImLC due to its ease of interpre-
tation (also with respect to a naive classifier).
- AUROC should be applied with care ...
= ... in the presence of class imbalance, unless class prevalences reflect the interest across
classes.
= .. if predictive values (PPV/NPV) are of interest.
- Otherwise, it should specifically be considered in the case of relatively balanced data due to
ease of interpretation and popularity.

scied Cost {EC False Possves per image FPP()
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Data quality — The METRIC framework
- Quantitative

- Qualitative
Schwabe, D., Becker, K., Seyferth, M., METRIC-framework
KlaB, A., & Schaeffter, T. (2024). The 2 gﬂf Eva!u#aﬂngf
METRIC-framework for assessing data sheaheniaty

. . . medical training data
quality for trustworthy Al in medicine: a

systematic review. NPJ Digital Medicine,
7(1), 203.
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