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The size of the field

Query:+ Machine + Leaming (Total=17132) ) Query:+ Deep + Learning (Total=7392)

Meodical+Treatment+Recommendation

Meadical+Treatment+Recommandation
%

As per 2023
e 17K papers on Large Language Models were published in Arxiv;
e 263 new LLMs released !

Verlingue et al, Artificial intelligence in oncology: ensuring safe and effective integration of language models in clinical
practice, The Lancet Regional Health - Europe, Volume 46, 2024,




Machine/Deep Learning
application in oncology
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Fig. 2 | Examples of Al applications across the human lifespan. dx, diagnosis; IVF, in vitro fertilization K*, potassium blood level. Cradit: Debbie Maizels/
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LLMs & Multi-agents for diagnosis and treatments
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Limited clinical genomic data is a major bottleneck

YES
oanmiona 3 . .
Model Type & }5:33 . Predictive In Vitro Clinical Data Available w Model Validates

o (2T ) o RE
2023 Benjamin Haibe-Kains, Princess Margaret Cancar Centre Content of this presentation is open-source. Perméssion is NOT required for re-use. [}
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Al has a troubled history going from R&D to clinics
- Low adoption due to lack of usefulness’

- Logistical hurdles that slow deployment?

- Requiring clinicians to do more work, not less®

- Do not improve accuracy *°

Google

A Human-Centered Evaluation of a Deep Learning System Deployed in Clinics for
the Detection of Diabetic Retinopathy Proceeding, Beede et al, 2020
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12:00 - 12:35 How Al will transform cancer care

: THOMAS POWLES

Continuous monitoring of
algorithms across time

Impact assessment
Broad imple-
mentation

Assessment in
limited setting

In silico algo

i) = Amy Abernethy

Implementing artificial intelligence
in oncology at scale

———

rceon [z V] e Madrid Auditorium - Hall 2 BARCELONA SPAIN 13-17 SEPTEMBER 2024



Breast cancer screening

a Breast cancer in 3 years (UK)

Prospective 3,746 women

Compared to double reading,
implementing the Al-assisted
additional-reader process could
achieve 0.7-1.6 additional cancer
detection per 1,000 cases

Sensitivity

0.64 4

0.2 0.62 4 ASpecificity = 1.18%
ASensitivity = 2.70%
060 L} L L ] ) 1
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0 0.2 0.4 0.6 0.8 1.0
1 - Specificity
— Al system « Mean first reader ¢+ Consensus

Al operating point = Mean second reader

Ng, A.Y., et al. Prospective implementation of Al-assisted screen reading to improve

International evaluation of an Al system for breast cancer screening, Scott Mayer ;
early detection of breast cancer. Nat Med 29, 3044—-3049 (2023)

McKinney, et al, Nature volume 577, pages89-94(2020)



How to evaluate? 0

Prediction +

Scenario #1: inter-patients comparison l

Randomize Randomize

« Patient monitoring (e.g symptoms)
» Treatment recommendation systems

Consent

Prediction -

+ Treatment effect prediction Y ¥
* Prognosis estimation for an intervention l l \£ l

Use it

0
. . . Electronic
Scenario #2: intra-patient consent

comparison

- : : ®
+ Clinical trial matching systems K —)

« Treatment recommendation systems W

» Multidisciplinary tumor board Arm 1: prediction
recommendations Arm 2..stgnd_ard of care
(+ prediction in 3
months)
Verlingue et al, Artificial intelligence in oncology: ensuring safe and NSCLC
effective integration of language models in clinical practice, The KRAS G12C mutation

Lancet Regional Health - Europe, Volume 46, 2024,

Dont use it:
standard of

Use it

care

Human supervision of
the prediction

Treatments and trials:
NCT05462717
NCT04956640

Adagrasib
Sotorasib

Dont use it:
standard of

care

3 months follow-up

Arm 1: 85% success
Arm 2: 70% success

Objective:
recruitment in clinical
trials



Evaluate the impact on
Patient — physician relationship
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Figas 1 Triadic model In

Impact of artificial intelligence in transforming the doctor - cancer patient relationship P.-E. Heudel et al, ESMO RWD DO, 2024



SaMD & IA act = haut risque

Principes de Maitrise de I'lA

Principes concernants la
gouvernance des données (Article
10)

Maintenir le controle humain
(Article 14)

Transparence + intégration Al act
de la documentation technique

Credit @Francesca Gennari




Communication and training

%v{-mu a

ACERCA DE LA MEDICINA DE PRECISION

o

.5'{. oo .*.... w
PRECISIONSMEDICIN INOM CANCER
» PRECISIONSDIAGNOSTIK, o<
MALINRIKTAD BEMANDLING

LUTILISATION DES OUTILS DE RECHERCHE

UACCES TRANSFRONTALIER
D'ESSALS CLINIQUES

FRANCE - BELGIQUE

| KLINISKA STUDIER
\& >\( —— 0\-, ‘?
: ( AV E= Trigling  Klineo sownact
s

1125

R e U T

e A AR

Acerca de la medicina de Precision :  Precisionsmedicin inom cancer - ¢ Tutoriel d'utilisation des outils de ¢ Lacces transfrontalier France - :
#episode53 precisionsdiagnostik, malinriktad... recherche d'essais cliniques... Belgique #episodeS51
12 vues iy aojours 07 vues * ily a7 jours T3vues *dyalmos jGvues * ily a1 mois

1"‘."..... }"{.x,..... .}"{.:..,.‘ *,.....
MEDECINE DE PRECISION EN FRANCE LAS INTELLIGENCIAS ARTIFICALES J
LE POINT DE VUE uocwnwxom PARA MAJORAR LA INTERPRETACION CHORDOMA NETWO‘?K IMPLEMENTATION
DE MUTACIONES EN CANCER & ACCESS TO CLINICA OF DLCT & DATA \
i 0 TRIALS / POOLING IN NORWAY
= manamm Y \ S 16:01 i
La meédecine de précision en france, :  #episoded9 - Las intelligencias ¢ Chordoma Network & Access to :  Data pooling & Implementation of :
le point de vue socioloaiaue... artificiales para las mutaciones en... clinical trials in other countries... DLCT in Norway #episoded?7

Lucas Coelho,

https://www.youtube.com/@PCM4EU Manon Antouly

S £



https://www.youtube.com/@PCM4EU

Data / IA santé

& Cando repetitive work

D ;

Scandals

Al will take my job!
Data sharing headache

Power & money & Energy SSS
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CRCL Saintigny team

Thank you

loic.verlingue@Ilyon.unicancer.fr
Info https://github.com/DITEP



mailto:loic.verlingue@gustaveroussy.fr
https://github.com/DITEP

Pour / contre ?

RESTAURANT /S
CHeck w7




Energy

Consumption COse (Ibs)
Air travel, 1 passenger, NY <SF 1984
Human life. avg. 1 year 11.023
American life, avg, | year 36.156
Car, avg incl. fuel, 1 lifetime 126.000

Training one model (GPU)

NLP pipeline (parsing, SRL) 39
w/ tuning & experimentation 78,468
Transformer (big) 192
w/ neural architecture search 626.155

Energy and Policy Considerations for Deep Learning in NLP, Emma Strubell, arXiv, 2019



Power & money & Energy

Données stockées (Exaoctets)
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Data sharing

Data should be FAIR

Data protection & Property
Data quality

Data sharing : is it realastic ?

Power & money & Energy



Data sharing = data should be FAIR

Findability

— Identifiable, searchable ressource
Accessibility

— Communication protocol, persistant (meta)data
Interoperability

— Application language

Reuse

— accurate and relevant attributes

https://www.go-fair.org/fair-principles/



CLINICAL MODEL

OS'RIS | o | | e
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FIG 2. OSIRIS clinical data model. This figure shows the OSIRIS event-based clinical data model to follow the disease course longitudinally. For each
event type (primary tumor and local and metastatic relapse), the response and adverse events of a treatment are associated. Moreover, any analysis
carried out on a sample (imaging, omics, biology, pathologic examination) is also linked to a specffic event.

Guérin J. OSIRIS: A Minimum Data Set for Data Sharing and Interoperability in Oncology. JCO Clin Cancer Inform. 2021



Data protection & Property

* |dentifiable data - GDPR (RGPD)

— De-id

— De-id et droit rétraction des patients (eg IQVIA)
* Who the data belong to ?

— Property depending on the data : public or not,
knowledge or patients...

— Business: cost v benefit



Data sharing




La protection des données de santé
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LE ROYAUME-UNI OUVRE L'ACCES COMPLET AUX DONNEES DUNHS A
AMAZON
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Un contrat dévoilé awu grand jowr révéle gque Jle gouvernement britannigue
autorise Amazorn & accéder librement et gratuitement 4 toutes /es données de
santé du National Health Systerm du Royawmme-Uri. Un véritable scandale awusx
yeux de nombrewux c/ltoyens.

En juillet 2019, le secrétaire a la santé britannique Matt Hancock annongait un
partenariat avec Amazon. L‘'objectif annoncé était de permettre aux patlents de
recevoir de meilleurs conseils médicaux par le biais do Vassistant vocal Alexa.
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Data sharing: data quality

* Multiple data sources

* Interoperability

* Cancer: multiple diseases, few homogeneous
cohorts T
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Data sharing : is it realastic ?

e Public data

— Molecular: The Cancer Genome Atlas Program, ICGC, UK Biobank - UK
Biobank, EGA)

— clinical trial data : (ClinicalStudyDataRequest.com, European Medicines

Agency);
— health databases (danishhealthdata, mimics 3&4)

— health-data-hub
* Medical information exchange

— Dossier médical partagé https://www.dmp.fr/

— H2020 interopehrate.eu protocols for secure and cross border exchange of
health data

e Consortium data
— Difficult



https://www.cancer.gov/tcga
https://dcc.icgc.org/
https://www.ukbiobank.ac.uk/
https://ega-archive.org/
https://clinicalstudydatarequest.com/
https://www.ema.europa.eu/en
https://www.ema.europa.eu/en
https://www.danishhealthdata.com/find-health-data?category=%7b23E40F00-D278-44F9-99FB-B743EBE8C003%7d
https://www.dmp.fr/
http://www.interopehrate.eu/
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Urbanisation des données au CLB+

EMR
EMR structured

unstructured data

data (80%)

" Manually

collected
databases
2024

Genomic
Data
(2024/2025)

Digital Slides

(2025)

Structured data
sent back to the
EMR

Counting the
corresponding
patients at
another center
among 10

=

+ PoleData
+ Bioinfo
+ ...

Cohorts identification

Structured Data on international
referentials (CIM O3, Vidal, CTCAE, ..)

T [wee REDCap
UN » I_:‘_l HEALTH (:
.‘.'.‘ DATA HUB IDEA4RC
@ TriNetX

strong aya




The dark side of LLMs and potential
harm for healthcare applications

Environmental impact

Alienating work

Disproportionate fashion

Gender discrimination

Demographic origin and other stigmatisations
Models’ ditractions

Bias transmission to offspring models
Humans under influence

Challenge for reproducibility in Al
Impossible evaluation

Hustling the physican-patient relationship



Will Al take my job ?




Checklist to increase the bright side of
language models in healthcare

* Data collection and cleaning

* Model training

e Selection of the outcome

e External validation

e Data sharing

* Federated learning

* Generalization performance and evaluation
* Deployment of the tools

e Calibration drifts

* Monitoring for dataset shifts

* Master regulatory requirements

* Ecological impact of your project

* Evaluate impact on patient-physician relationship



