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Intelligence artificielle et diagnostic des amyloses
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LES METRIQUES D’EVALUATION EN IA # METRIQUES CLASSIQUE

Précision (Precision)
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Proportion ce prédictions positives correctes.

TP

Précizion — TP + FP

Rappel / Sensibilité (Recall)

e ; Le FB-score est une moyenne harmonigue pondéeree de |a precision et du rappel :
Proportion de vrais positifs detectes parmi lez cas resllement positifs

TP a Précision - Rappel
=__JF Fy=(1+8%)-
Reppel = 5T p= k0 (8% . Précision) + Rappel
Fl-score Pour F2 -
Moyenne harmonique precision—-rappel, utile pour fes donndes déséquilibrées.
Précision - Rappel
Fi_EHP‘rE::isiunthppd B=2 = FE:E‘Q Précisi R ]
~ " " Précision + Rappel i o

Courbe ROC & AUC

Capacite du modele a distinguer deux classes, indépendamment du seuil.
Specificité

Bonne classification des nagatits.
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La publication fondatrice pour les LLM :
“Attention is All You Need” (Google, 2017)

Al vs Machine Learning vs Deep Learning

ARTIFHAAL INTELLIGENGE

Attention Is All You Need
MAGHINE LEARNING
Ashish Vaswani” Noam Shaceer” Nkl Parosas* Jakob Usekorelt”
Google Hrala Google Hiain Google Reseach Google Research

avhniknifgosgle coe soandgosgle.com  aikipOpeople.con  uazlycogle.cos
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Abstract
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performing models b 1 the der and decader through an setention

o Noursl mechanism, We propese a acw simple network architecture. the Tromformor,
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notwoarks Nowral strely, Experimsnts on two mate sasdation teks show these modeds to

DEEP LEARMBG natwarks be saperioc in quatity while being more paralielizable and requiring 4 psficimtly
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NLP = Natural Language Processing = Transformer + Embeddings prsadineplnio yo s doproopaie St ose i cien
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Artificial intelligence: revolutionizing cardiology with large language models.

Anamress

Guidelines

= Imaging
oP ; and literature
JECC S L
»Lib
* Cehers
‘ » Medieal chathet: precision
« Medcal chatbor, Patient m&w -
QA8A and sggested reacing applations » Auterrated lab ordesing
* Auto anamncss and pationt T e 4 » Clinkal (discharge) summaries
remreedm::’mes . = Consukation speech to text
= Layrran medical summa‘ies * Pre-consdtation warkop
Research * Guidaline adherence
applications
= Diagnoss identfication and automated codirg + Screening and efigibility
« Quality of care assessment + Informed comsent procadure

» Planed g and kgistics * Adverse event identification

European Heart Journal, Volume 45, Issue 5, 1 February 2024, Pages 332-345,
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Une hallucination pourun LLM (Large Language Model) désigne la production d’une réponse fausse, non
fondée, ou nhon conforme aux données existantes, alors méme que le modele la formule avec assurance.

Misinformation and
Biases

e Hﬂnm:mﬂl-lﬂﬂ El-'l-'lm Data - F:j]ﬂwll_'ligﬂ Bu-u:ru:[ar}r

— [nferior Alignment Data

- Hallucination from
Pre-training

Hallucination from

Hallucination L Traii g =t Hallucimabion from SFT

" Causes (§3)

__ [mperfect Decoding
Strategies

— [hver-confidence

Hallucination from

~ Inference
— Softmax Bottleneck

— Reasoning Failure

.—!ﬂg_
|

Bender et al. [20], Lee et al. [159], Lin et al. [182] 'j
¥y

. Katz et al. [149], Onoe et al. [230], Singhal et al [279] "

. Gekhman et al. [98], Li et al. [168] |

. Li et al. [180], Liu et al. [183), Wang and Sennrich [313]

- Schulman [26-5‘], Yang et al. E':Hl], Fhang et al. {3&2' II

g

— Hallucination from RLHF —ilt.,q.

e

Colra [64], Perez et al. [245], Sharma el al. [274], Wei et al IE-I‘?[I
i

o
|

— &5

Holtzman et al. [118], Stahlberg and Byrne [283]

. Chen et al. [45, 456], Liu et al [193], Miao et al [212] 1

. Chang and McCallum [38], Miao et al. [212]

. Berglund et al. [22], Zheng et al. [386]

JiZ. et al., “A Survey on Hallucination in Natural Language Generation”, Computational Linguistics, 2023.
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Agent |A avec RAG (Retrieval Augmented Generation)

Génération Augmentée par Récupération

Base de Connaissances
! ' Documents, bases de Conndes,
Récupération
intamet, donnens intermes. otc
Cherche <3
Mirdormaton
= v >
- A
!, =
Agent |A
Question .g Réponse
Modele de langape
de Nubssateur précisa e Nable

Clavde, GFT, st

A

Génération
Crée une
reponsa

RAG: Comment ga fonctionne?

1. Recharche d'informations pertinantés dans des sourcas axtames
2 Comblno ces Informations avec 5e% CONNAIGEINCRS PAUr UNG NIPONSe précise
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Fournit des réponses basées sur vos documents
internes.

Réduit les hallucinations et les inventions de faits.
CITE LES SOURCES

Permet d'accéder a des informations récentes, au-
dela de la date limite du modeéle.

Excelle dans les domaines tres spécialisés ou
techniques.

Traite des données privées qui n'existent pas dans
l'entrainement du modele.
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@ Cardiac Amyloidosis: Diagnosis, Monitoring, and Treatment Guidelines < Portoger @ Pammetres
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Artificial intelligence: revolutionizing cardiology with large language models.

Anamress

Consultation
notcs

Guidelines

* maging
» Procedures and literature
+ECG S A
. 3‘;,“ Cardio .‘
large language
models
* Medical chathet: precision
« Medical chatbot Fatient medicine, dagnostics and
Q&A and suggested reacing applications ; releant iwl:xbm'c
.mmd m:m:f i » Clinkal (discharge) summaries
-mm&dmwm * ConsuXation speech to text
* Pre-consdtation warkop

* Guidaline adherence

= Diggnoss identification and automated codirg
« Quality of care assessment
» Planed g and kgistics

* Screening and efigitility
+ Informed comsent procadure
* Adverse event identification

European Heart Journal, Volume 45, Issue 5, 1 February 2024, Pages 332-345,
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Agent |A avec RAG (Retrieval Augmented Generation) Medical ChatBot

Génération Augmentée par Récupération

Base de Connaissances
Documents, bhases de gonnaas,

Récupération | ,
intamed, donness intermes. otc
Cherchs -
fMirdormaton
- 7
¥
- -
r— r—
/ N \ p N

/ \ Agent |A [ \
( Question E—— Aiodal —T Réponse ’
odele de langape
\ de lussateur / : \ précisa et fiable /
/s Clade, GFT, st \ 4
~ o e >

1

Génération
Crée une
reponse

RAG: Comment ¢a fonctionne?

1. Recherche d'informations pertinantas dans des sourcas axtames

Hippocratic Al

2 Combine ces Informations avec ses coONNAIGEINCRSs POUr UnNe reponse précise . — Do Mo Harrm —
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Identifying signs and symptoms of AL amyloidosis in electronic health records using natural language processing,
diagnosis codes, and manually abstracted registry data

’étude vise a comparer trois méthodes de détection de 15 signes et symptémes de 'amylose AL dans
les dossiers médicaux électroniques (EHR) :

1.Registre manuel (extraction humaine — Attaché de recherche clinique)

2.Codes diagnostiques ICD-9/ICD-10

3.Traitement automatique du langage naturel (NLP) appliqué aux notes cliniques
(« augmented curation »)

Population : 1223 patients avec amylose AL systémique confirmée par biopsie, Mayo Clinic, 2010-2019

Temporalité : données extraites de -1 an a +90 jours autour du diagnostic et avant tout traitement.

Am ) Hematol. 2023 Sep;98(9):E255-E258,
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Identifying signs and symptoms of AL amyloidosis in electronic health records using natural language processing,
diagnosis codes, and manually abstracted registry data

il s el el O Segry O L e

Elera Falise fhap=s
Jri ECH] . i

@ Augmented curation @ Registry < ICD codes

Edema
(n = B76)

%ﬁ;.

"Jambes gonflées" (Swollen legs)

"Pieds enflés" (Swollen feet)

"Gonflement des membres inférieurs«
"Augmentation du périmetre de la cheville"

Table 54 Frevalence counts and proportions of AL amyloidosis signs and symptoms across the registry,
ICD codes, and angmented curation of clinical notes data sources, along with infersections.

ke Bt + Mgty + Hoha+ rwmry+

: Toobs + Toal
anby Motes  ICD codes [CD codes T i

Registry -
ks Teakss only

Categary. % [n]

Edems S [#] | 25.0% [209] DA% [1]  504%[520] O.0%[1] 22% [19] 94%[E2] 100.0% [§75] Am ] Hematol. 2023 Sep;98(9):E255-E258.




0

CONGRES]
FRANCOPHONE

MULTIDISCIPLINAIRE

Mercredi 17 décembre 2025

EVENEMENT HYBRIDE Fondation Biermans-Lapodtre mPARIS

www.congres-amylose.com

Identifying signs and symptoms of AL amyloidosis in electronic health records using natural language processing,

diagnosis codes, and manually abstracted registry data

Analyse comparative des méthodes sur Protéinurie avec seuil >=0,5g/24H chez 974 patients

Source de Données Spécificité Sensibilité PPV
Curation o 8 or 9 or 10
Augmentée (NLP) 67,2% 73,2% 76,5%
Registre 66,4% 12 75,1% 13 76,5% 14
Codes CIM 91,9% 1 32,2% 17 85,3% 18

Pas de différence entre ARC et NLP mais IA quasi instantanée

NPV
63,2% 1!
64,6% 1°

48,1% 1°

Am ) Hematol. 2023 Sep;98(9):E255-E258,
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NLP - Reconnaissance d'Entités Nommeées (NER) Named Entity Recognition

——>
——>

Identification Patients

Aide au remplissage de CRF
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A machine learning prediction model for Cardiac Amyloidosis using routine blood tests in patients with left
Ventl’i U Ia r hypert rophy Check electronic medical revords of hospinlized
6 463 patients hospitalisés avec LVH entre 2015 et 2022 R Sy

Tnnc e siont criteria of CA:

Wuhan Asia Heart Hospital Eot Pe il iy o
. , Inchsion criteria of oontrod:
261 cas d’amylose confirmée (=4 %), nm’g;.‘é:._.ﬁm.u.c..m..un..
72 parametres biologiques initiaux > 45 retenus aprées exclusion des >60 % o s e
de données manquantes. Du,m:,m,,s

T2 woutine blood tests were inltially screenod =0303|
CA (n=261), Contred {(n6202)

. »
- el : " | Prep [ A !
7 4 e [ i reoessng Fonturos Aoy sy o mesg mio o
l Se—— L—fw: . | ——> i-- ’wul: Oen GF% wese o lulod
Trws rw ey . — “yl
Rasting blaed jesty Machine Lesrniog
R agiesie Ragreniian ' '
lnt.mlrm.
Xfiteew) Irusing Coban (904%) Festing Coboet (10%)
Heperparameter -
Chptimirnibom
v
Prospective thieicnl Constiucted three machise learmng models (fowste

applicatina

v (R = f regreszon, random focest. XGBoost)
festires roshisg l : EQ ' P '
o ’ on e Moded perfonpance was evaluared, and the madel with the highest AUC was sdected
Bautine Moad test \ -

for explommocy analysis
whwis Tor € A Slagmanin Hignls sensirive detectionof C A

Wremmtdabe
L e

Fag i Dvavlegramd cvnl averaal vabidainn id o madise barvarg smndel for caiban sonvloadoim v v v
desalcaton wing routas bood oss
Featre impostinee

Sci Rep. 2024 Nov 19:14: 28644, slyv

Compared wath

Cocrelation asalyns biomarker FLC
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A machine learning prediction model for Cardiac Amyloidosis using routine blood tests in patients with left

ventricular hypertrophy

ROC curve comparisons of CA detection across three ML Feature importance scores for the XGBoost algorithm using
models, each utilizing a unique algorithm the routine blood test values
A 400 = —— n
1.0 , Hematological tests
: 1 ,—l"jlr Biochemical tests
Coagulation tests
0.8 300 = Immunological 1ests
£ 0.6+
- ’ -4
= ol
Z
g 044
h 00—
0.2+ w— X G ROOSUAUC=0.95) [ .
s Random foress{( ALC-0.91) 1 ‘ 11 -
0.0+ w— Ligtstis regressionf AUC OHI)I 0 ’ , :
T S S S S ;kﬂﬁﬁi*%ft@ig*fois?k’% B APAPTARE FPoaNEiARRT
0.0 02 04 06 08 1.0 < & i 2

l-Spt’ﬂﬁClt,V »  Altdeation rénale (eGER 1)

F1 score of 0.89 (95%Cl: 0.85-0.92) * Atteinte myocardique marquee (CTnl, NT-proBNP1]
s Atteinte thyroidienne (FTE 1L TSH 1)

| Risque dievefitting » Inflammation/atteinte mddullalre possible (ANC 1, RBC |, anomezlles da la coagulation)
o A0V10 sl
* Paide cohore edteme 5ci Rep. 2024 Nov 19;14:28644,

& Hyperparamitres déterminds sur be mdmo datasot
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Deep Learning -> Réseau de neurones a convolution (16 description 1968 )

Lead | "“4‘/\ M ‘JY/\-' Convoluticnal  Convolutional Data Brut : XML

layer layer . . .
ISamplc signal POSS|ble a pal’tll’ de scan
0 4 34 20 20 43 53 SB = = = = «I07 <107 47 <07 =407 <117 =107 <112 <307 —> Pooling ' -
Numerical val A\ .
st Convolutional blocks
Lead Il L/\_“ﬂ-/¥
l Sample signal
. — ‘-‘ — —r |
0 &% 10 2% 24 3 s 68 - = = = -O8 -108-101 -11% 54 =55 -4) -4 ~1% —> Pocling + Fooling
Numerical values (pV)
/
. ‘r S J'
Lead V, { O O
ISample signal \ //
o W — » v ‘—-‘ l.
U 2 I 2 3 @ M 58 - = == 10 -100 120 91 -1D) -85 -5 -B3 -0 —> Pooling -~ Maodel
Numerical values {(uV) output

Nature Reviews Cardiology 18, 465-478 (2021)
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Artificial Intelligence-Enhanced Electrocardiogram for the Early Detection of Cardiac Amyloidosis

Clinical example

Al model predicts cardiac smyloid twe yrars in asvancs of
clinical disgnosis, ECG was inlerprelod &3 permal

T Digresss of AL
10 - ‘
b ’
230 NModel prediens TA /
254 paterts cardac anviod = oy 4 \ / M rforma
2 terts card o - Mok thrrtold 7 A/ odel pe nce
:§ E /'\J‘ 1o e p——
i ’
1 g Q20 - - -_‘/'\ "f ' /_
000 LaE N e . T \_, A . 075
Matched with 2454 cantroh. 10 LR v 8 9 ! -
Years bafore diagrosis s '
1 E 080 -Jf
v ] Normal sinus rhythm Q35 ~
rain, validare, test an Al ool 10 detect Normal ECG
cadiec avydodoses from |l-ead ECG
Q00 o= r
| wa " ol =t
%l L —L—T T & [' 5 #4004 0~ Ly LS o0 LS )
=15 Speciicty

7 AL Lower G 1 Lyparsa |

L e R e R )
L A fosi0, | % | oow |

MAYO
CLINIKC

Bepn Clin Proc 201 M-S RETER-2T8. o
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Univariable Multivariable
N RR {95%: CI) P RR (95% CI) F
AL group
Age 18324 1.03 (1.03, 1.04) <0.0001 1.03 (1.03, 1.04) =0.0001
¥ 1834 112/1.05 137} o.ona 1150102 1249} 0 01&
I A2E score 1834 222 (1.77, 2.79) <0.0001 2.00 (1.58, 2.55) <0.0001
AL stage.
I 74 Reference Reference
1] 497 2.09 (1.41, 3.07) 0.0002 1.67 (1.13, 2.47) 0.015
Ia 460 3.54 (2.41, 5.22) <0.0001 2.57 (1.74, 3.81) <0.0001
b 257 7.40 (4.29, 10.98) <0,0001 5.35 (3.58, 3.02) < 0.0001
Mo data 46 4.34 (2.96, 6.35) <0.0001 3.40 {(2.31, 5.01) <0.0001
ATTR gruup"
Age 699 1.06 (1.04, 1.07) = 0.0001 1.07 (1.05, 1.08) = 0.0007
Male sex 699 1.03 (0.77, 1.39) 0.83 Mot included
3 £90 1 57 {175 1497} 00001 133{1.04 181 00?3
| AZE score 699 2.02 (1.36, 3.12) 0.0008 2.74 (1.81, 4.24) <0.0001
Yo Stage
I 224 Reference Reference
Il 100 Z2.44 (1.78, 3.34) «0.0001 1.78 {1.30, 2.45) 0.0004
1] 89 4.70(3.42, 6.47) <0.0001 3.64 (2.64, 5.02) <0.0001
Mo data 286 1.95 {1.52, 2.50) < 0.0001 1.80 (1.40, 2.32) <0.0001

Univariable and multivariable analysis predicting mortality among cardiac AL and ATTR amyloidosis patients
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Deep Learning on Bone Scintigraphy to Detect Abnormal Cardiac Uptake at Risk of Cardiac Amyloidosis

Objectif : Développer et valider un modele de deep learning capable d’identifier automatiquement les scintigraphies
osseuses comportant une fixation cardiaque Perugini = 2, afin d’identifier des patients a risque d’amylose cardiaque

non diagnostiquée.
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Deep Learning on Bone Scintigraphy to Detect Abnormal Cardiac Uptake at Risk of Cardiac Amyloidosis

Objectif : Développer et valider un modele de deep learning capable d’identifier automatiquement les scintigraphies
osseuses comportant une fixation cardiaque Perugini = 2, afin d’identifier des patients a risque d’amylose cardiaque
non diagnostiquée.

AGEETRIE T External Validation Step

|  ROC Curve for Dotection of images Porugini=2
Cross-Wnlidation Dataset F;Score H 104
Foldl @@ @ O @ —Modd? 97.5% ;
Foldz @@ O @ @ —reade a7, I“' 2 sm
Fod-s @ @ @ @ Models  geiw gﬂ* B s
Fold-4 000 —rodds 97.5% Eﬂn § -§°"
= . @ .' ® — Madsl 5 e = Man L 01995 5 = -
@ Teaining Submet © Validation Subset @ Testing Subset eey | 2340 - | o 4 0.999
0o oz oA an ag ] } 00 0';' (l'd 0'6 0'8 10
Farbi: P Liwils B Faloe Posstres Rate
HM-UH" L-UH

Specificity 99.4 {98.7-100} 99.5 (99.2-99.8) Le F2-score estutilisé lorsque rater un positif

Accuracy 59.4 (98.8-100) 99,3 (98.9-949.7) (FN) est beaucoup plus grave que faire un

Sensitivity 98.9 (97.0-100) 96.1 (95.2-97.0) faux positif (FP).

Fz score 98.0 (96.6-995) 95.3 (94.3-96.3)

piadialon 64,7 (88.2-100) 925 (91.2-93.9) Attention au surdiagnostic

JACC: CARDIOVASCULAR IMAGING, ¥aL. 16, NO. B, 2021
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OBJECTIVES: Light-chain Amyloidosis (AL| is a rare disease caused by plasma cell dyscrasia that affects multiple organ systems. Thiz study airmed (o use

machine learning rachnigues to discover AL subtypes based on the organ systems impacted and to assess the prognostic effect of the patient subtypes 2 (37%)
on the sutcomes following diagnosis. pecific manifestations
Ab PIETHODS: We usad FQVIA Pharldatrics” Plus data from |an-2016 to Sapt-2022 with the following incusion criteria: =2 AL diagnosis codes {ICD-10:E85.81),
* 224 months of continuous enroliment pre-diagnosis, and =5 months of continuous enrcliment pest-diagnosis. We identified AL patient's cEnical ‘)
Pul manifestations pre-dizgnosis, incuding cardiovascular, renal, hepatic, neurciogic, and others. We trained an unsupervised machine learning algorithm, Proteinuria, CKD
Lty vy

K-Modes, to cluster the patients into subtypes based on their manifestations. K-Modes accounts for correlation between manifestations and discovers
Sepstcorepaly Splencmegily clusters based on similarty between patlents. Discovered clusters/subtypes were labelled according to the pravalent contributing manifestations within

Nanaca Vaaat each, Foreach subiype, we measurad the probability of an emergency room (ER) vislt ar an Inpatient {iF) siay in the & months post-diagnosis and 6%)
Teaght Loe calculated the adds ratio (OR} using lngistic regression, sdjusting for age, 52, and Tegion, MM)WNW
)y edema

" RESULTS: Among MN=1276 AL patients meeting our Inclusion criteria, we discovered the following subtypes: Cardiac {N=200,16%), characternized Dy
Diesitess  gardiomyopathy and heart fallure without edeima; Severe Cardlac {N=116,2%) characterized by heart fallure with edema; Renal (M=253,20%), )

Tmonle dnfimnen  £HArActerized by proteinunia, chranie kidney disease; Cardiac+Renal (N=96,8%), characterized by heart fallure with CKD, frequently comarbid with lc manifestations
wusbaen?  NEUDpathy; Mon-Specific (N=135,11%, characerized by Girhepatic manifestations; and Early Mayo Stage (N=476,37%), characterized by a lack of
PrwbeaiNee  MMANifestations. Regression analysis revealed -12x higher odds of a Cardiac ER Visit in the Severa Cardiac subtype compared to Early Mayo Stags subtype
Carpal Temeel  [OR=12.2,95WC1=6.5,23.7.p<0.007 ), with similar results for IP stays
Change )
COMNCLUSIONS: Urtilizing machine learning can be useful In effectively identifying patient subtypes for AL, which ¢an impact rrestrmant regimens o
control symptoms. " N = 1276}

CONFERENCE/VALLIE IN HEALTH INFD
2024£-05, ISPOR 2024, Atlanta, GA, LISA

value In Health, volume 27, Issue 6, 51 {June 2024) 1ta, GA, USA
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Echéances clés et impacts pour le secteur de la santé

:’5 Février 2025 (M+6) ;

* Aoiit 2025 (M+12)

( . )
8 Aoit2026 (M+24)

Le Lancement

# Entrée en vigueur
officielle de 'Al Act.

» Début du compte a
rebours pour les
entreprises.

/4

Les Interdictions

Arrét immeédiat des
systémes a ‘risque
inacceptable”.

Exemples : Notation
sociale, manipulation
cognitive.

Impact Santé : Faible
(sauf cas extrémes).

La Transparence

» Obligations pour les
systemes a Tisque
limite”.

# Action: Identifier
clairement les Chatbots
et Avatars comme étant
des |A. ‘

/4

s
>

"'@'e;ﬁros Chantier (Haut Risque) |

¢ Application compléte pour les 1A
a "Haut Risque” (Majorité des I1A
en Santé).
% Obligations clés :
& Marquage CE obligatoire
i~ & Supervision humaine garantie

f—— [ Documentation technique
auditable

“ [ Enregistrement dans la base
de données UE.

N

IA Act : Calendrier de mise en conformité européenne

' Aoiit 2027 (M+36) |

(—Les Modeles Géants

¢ Exigences pourlesiAa |
usage général a fort
impact (GPA).

¢ Cible: Les grands \
maodeles fondation
(LLMs) utilisés dans les |
solutions commerciales |
génériques. J
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i Conclusion : Feuille de Route de l'Innovation en Aide au Diagnostic

AUJOURD'HUI FUTURPROCHE [ PLUS LOINTAIN
o Py

Aide au diagnostic par < Intégration pour l'aide
analyse scientifique B  Agent conversationnel au diagnostic
sécurisée (RAG) . (DSI / Logiciel / IA Act)
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