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The medical motives

= Need of precise and early characterization to:
» diagnose and guide treatment of diseases otherwise incurable at later stages

» evaluate efficiency of (expensive) therapeutics to not delay more effective
treatment, and not cause unnecessary side effects
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The medical motives

Need of precise and early characterization to:

» diagnose and guide treatment of diseases otherwise incurable at later stages

» evaluate efficiency of (expensive) therapeutics to not delay more effective
treatment, and not cause unnecessary side effects
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= Evolution towards personalized medicine
groups of patients — the individual patient
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= Evolution towards personalized medicine
groups of patients — the individual patient

= Diagnostic and therapeutic advances mainly driven by non-invasive bio-
imaging, particularly at individual level, for molecular signature
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Need of precise and early characterization to:

» diagnose and guide treatment of diseases otherwise incurable at later stages

» evaluate efficiency of (expensive) therapeutics to not delay more effective
treatment, and not cause unnecessary side effects
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Evolution towards personalized medicine

groups of patients — the individual patient

Diagnostic and therapeutic advances mainly driven by non-invasive bio-
imaging, particularly at individual level, for molecular signature

» molecular changes precede morphological ones (more sensitive for early
diagnosis and evaluation)




PET Predicts Prognosis After 1 Cycle of

Chemotherapy imn Aggressive Lymphoma
and Hodgkin’s Disease
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Lale Kostakoglu. MD!; Morton Coleman, MD?; John P. Leonard. MD?; Ichiei Kuji, MD!: Holly Zoe!:
and Stanley J. Goldsmith, MD!

(P <0.001)
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THE JoURNAL oF NUCLEAR MEDICINE * Vol. 43 + No. 8 = August 2002



Brain hypoperfusion in patients with depression

99mTc-ECD

Normal

M.O. Habert

Richieri et al., EINMMI 2011



50% of brain dopaminergic loss before first symptoms of Parkinson

Fs *N

Healthy subject Patient with Parkinson’s disease



e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 AUGUST 30, 2012 VOL. 367 NO.9

Clinical and Biomarker Changes in Dominantly Inherited
Alzheimer’s Disease

Estimated Years to Onset = -24.7 years




The medical motives

Need of precise and early non-invasive characterization to:
» diagnose and guide treatment of diseases otherwise incurable at later stages

» evaluate efficiency of (expensive) therapeutics to not delay more effective
treatment, and not cause unnecessary side effects

Evolution towards personalized medicine
groups of patients — the individual patient

Diagnostic and therapeutic advances mainly driven by non-invasive bio-
imaging, particularly at individual level, for molecular signature

» molecular changes precede morphological ones (more sensitive for early
diagnosis and evaluation)

» molecular biomarkers better evaluate complexity of each disease at patient-
and lesion- level (more specific for precise diagnosis and evaluation)
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Green : rCBE  Red: gray matier volume — Yellow: Overlap of rCBF and gray matter volume

Baseline 1-v later 2-y later Baseline 1-y later 2-y later

Matsuda et al. 2002
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The medical motives

Need of precise and early non-invasive characterization to:
» diagnose and guide treatment of diseases otherwise incurable at later stages

» evaluate efficiency of (expensive) therapeutics to not delay more effective
treatment, and not cause unnecessary side effects

Evolution towards personalized medicine
groups of patients — the individual patient

Diagnostic and therapeutic advances mainly driven by non-invasive bio-
imaging, particularly at individual level, for molecular signature

» molecular changes precede morphological ones (more sensitive for early
diagnosis and evaluation)

» molecular biomarkers better evaluate complexity of each disease at patient-
and lesion- level (more specific for preecise diagnosis and evaluation)

v this molecular complexity is linked to prognosis, and therapy (companion drugs)



Lancet Neurol 2010; 9: 363-72

11C-PiB PET assessment of change in fibrillar amyloid-f3 load Published Online

in patients with Alzheimer’s disease treated with

March 1, 2010
DO1:10.1016/51474-

bapineuzumab: a phase 2, double-blind, placebo-controlled, 4422(10)70043-0

ascending-dose study

Juha O Rinne, David] Brooks, Martin N Rossor, Nick C Fox, Roger Bullock, William E Klunk, Chester A Mathis, Kaj Blennow, Jerome Barakos,

Aren A Okello, Softa Rutl'ri(_,‘uu Martinez de Llano, EnchiLiu, Martin Koller, Keith M Greqg, Dale Schenk, Ronald Black, Michael Grundman

0-4 ® Placebo

A Bapineuzumab
03—

Estimated mean change from baseline in mean “'C-FiB

02 I I
Baseline 20 45 78
Week

Figure 2: Estimated change from baseline over time in mean 11C-PiB PET
Data are least squares means and 95% Cls. * Difference between patients in the placebo group and those in the
bapineuzumab group at week 78=-024 (p=0-003). FiB=Pittsburgh compound B.
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* 13F_PIB Flutemetamol (GE Healthcare)




Attaquer les tumeurs de l'intérieur grace a la radioactivite

LE PRINCIPE D'ACTION DU LUTATHERA

On aceroche un elément radioactif
Sunvecteur (molécule)

Lutétium 177 {177u)

2 Cela donne un médicament,
i Lutathera

Le médicament |
est attraps par des
récepteurs quisont spécifiques

aux cefules cancéreuses,

Cellule saine

ESSAID'AUTRES TYPES DE RADIOTHERAPIE INTERNE

ESSAICLINIQUE :
PHASE (évahuation de atoxicié) Cerveau
PHASE i [test d'efficacite de fa molécule)
© PHASEN (étude pivot avant Fautoisaton
‘ mm:;m sur le marché) Peau anone]
Thyroide : lode 131
Sang

mm

Pancreas

Cellule cancéreuse " tneaulicnks gt e borarve: sonsimisi)




Multi-view Separable Pyramid Network
for AD Prediction at MCI Stage
by *F-FDG Brain PET Imaging

Xiaoxi Pan, Trong-Le Phan, Mouloud Adel, Caroline Fossati, Thierry Gaidon. Julien Wojak, and Eric Guedj,
for Alzheimer’s Disease Neuroimaging Initiative

IEEE Transactions on Medical Imaging, vol. 40, no. 1, pp. 81-92, Jan. 2021

Clategory Method Data type Subgects ACC SEN SPE AUC
Hinnchs e al. [6] MRI, "*EFDG PET SOAD + INC =4 44 w2 4710
Padilla o al. {7) WEEDG PET SIAD + SINC H6.50 K750 8536
Gray ev al 9] YSE.FDG PET SOAD + SINC sS4 m32  guw -
Ciomilont i Li et at. [10] WEEDG PET 25AD + JONC - 89 a2 56 07
Zhu et al 2004 (1] MRL SF-FDG PET. CSF* SIAD + 3INC m3 923 a3.0 966
element-wise Zhu et al. 2006 [12) MRL "EFDG PET SIAD + $2NC 633 .
Pan ¢2 al. 20195 |15] 'SEFDG PET 237AD + 24INC 9257 9059 9442 0083
Pan er ol 20090 [16] \SE-FDG PET 23TAD + 242 0420 1A 0676 D742
Axlal Lu ot at. 127) ISE-FDG PET 226AD + WSNC 9358 09154 95406 —
109%91x91 Suk o1 al. [25] MRL “*EFDG PET 03AD + IDINC 9220 SS504 0633 0798
heightx widthxslice Emerging methods Lin es al 130 SEEDG PET GAD + 10ONC 002 914 91D u5)
Yee er ol [33] \SE-FDG PET 237AD + 39ONC wan 023 w42 TG
Huang et al |34] MRIL "E-FDG PET 265AD + 4%NC  ®0.11 9024 RTTT H249
MiSePyNet (Ours) YSE-FDG PET 27AD + M4INC 0213 9032 4549 0701

*CSF = Corebrospanal Buid

elemont-wise TABLE VIl

Concatenated Layer

Coronal PERFORMANCE COMPARISON WITH STATE-OF-THE-ART METHODS FOR IMCT VS SMCIC%)
91x91x109
Casegory Method Data type Sebjects ACC SEN SPE AUC
Gray e al 19] SEFDG PET S3pMCT = 64MCT 631 52.2 74.2 —
Zhu eral 2004 [11]  MRL "EFDG PET. CSF 43pMCT « S6sMCI 0.8 27 a4l 774
. Zhu er al 2016 112] MRL “*F-FDG PET 43pMCT = S6aMCT 0.9 — = oL
Conventional methods = o ng eral [14]  MRL WEFDG PET,CSE 43pMCl« S6MCI 706 764 679 744
Pun o1 al. 2019 [15) E-FDG PET 166pMCT = 3605MC1 7943 6014 BLI6 K388
Pan er al 20196 |16] EFDG PET 166pMCT « 360sMCl 8048 0504 RT.05 K507
Sagittal element-wise Tu el 127] TFFDG PET 112pMCT = S0XMCI 8261 81.36 K285
91x109x91 Bliiii st Sak e al. [25] MRL **F.FDG PET TopMCT « 128sMCl 7078 2545 0065 T204
Yee ot al. |33) E-FDG PET 210pMCT = 427:MCI Y 74.0 75.0 sL1
~ MiSePyNet (Ous) R DG PET 166pMCT « 360MC1 83056 7212 8500 K680

Marseille Imaging Insitute



A multiparametric molecular imaging



A quantitative imaging to
characterize molecular signatures

Understand, Diagnose, Select, Predict, Evaluate, Treat

Biomarker Companion Drug || Theranostic
Neuroscience Oncoloqy Oncology/Neuroscience Oncoloqy
v GLUT1 v GLUT1 v Targeted therapy v 131 Jodine
v Cerebral blood flow v LAT1 i v 88Ga/"77 u-SSA
v Dopamine transporter v Choline-kinase v Anti-amyloid v SOY/177L uy-TheraSphere
v DOPA-decarboxylyase v PSMA v Anti-TAU
v D2/3 v Tyrosine v' Anti-inflammatory
v" Noradrenergic reuptake v" Somatostatin receptor v DOPA
v 5HT1-A v" Fluor
v" Acetylcholinesterase v’ VCAM-1 .
v" NMDA receptor v" Thymidine-kinase EXtended tO .
v TSPO: microglia activation v Hypoxia
v' Amyloid burden v NOTES
v" TAU phosphorylation
v TMS/DBS
v' Radiosurgery
v CBT

Gallium, for tailored peptide labeling

v Virtual Reality Exposure Therapy
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Spatial dimension

= Local approach: texture analysis

New digital PET detectors
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Ge(m, m, k) = 0 (m, n, k) .8100d(m, n, k) .cost(m, n, k)
Gy(m, m, k) = p (m, n, k) -Stny(m, n, k) sinf(m, n, k)
G:(m, m, k) = p (m, n, ky.cosg(m, n, k) -
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81 AD vs 61 HC: 92.96% of accuracy -

Garali et al., EUVIP 2016
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Table 8
Performance comparison for AD vs. pMCI vs. sMCI vs.NC(%).
Method Subjects ACC
Voxel 123AD + 123pMCI + 125sMCI + 123NC 60.57
ROI 123AD + 123pMCI + 125sMCI + 123NC 53.65
Our method 123AD + 123pMCI + 125sMCI + 123NC 70.04
Zhu et al. [30] 51AD +43pMCI + 56sMCI + 52NC 56.29
Zhou et al. [33] 190AD + 157pMCl + 205sMCl+ 226NC 48

Pan et al., 2019
Computer Methods & Programs in Biomedicine

‘
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Spatial dimension

= Regional approach: metabolic connectivty on static imaaes

European Journal of Nuclear Medicine and Molecular Imaging Published online: 18 November 2019
https://doi.org/10.1007/500259-019-04574-3

From metabolic connectivity to molecular connectivity: application
to dopaminergic pathways Midbrain connectivity

Pan et al., 2018

IEEE JBHI
Inter-regional
correlation
analyis, IRCA
Verger et al.,
EJNMMI 2018
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Mesocortico-limbic system |

Graph theory ' Sparse precision matrix
Le et al, Computational Statistics & Data Analysis 2020

‘ Verger et al, Human Brain Mapping 2018
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Temporal dimension

= Complex paradigms of activation, inside VR environment

=\/M ¥

CPTRP UP PANE e OF W O e

Acrophobia, PTSD
Verger et al., EJNMMI Res 2018 & Eur. J. Psychotrauma 2020 ; Rousseau et al., EJNMMI 2019; collab. IRBA

= Fonctional connectivity on dynamic images

Werage plaama radisoctviry 8 Navmiatived whede beain the
CORCET AT 2ty s

- R 15 480 1  .. 0@ % 0% X PNH project (@INT) “ @ a 0 é
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A multimodal imaging




Processing Stream Overview
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1. T1 Weighted 2. Skull Stripping 3. Volumetric Labeling 4. Intensity
Input Normalization

Folded Pial Inflated Pia Spherical Pia Avg. Pial

Surface Surface Surface Surface

5. White Matter 6. Surface Atlas 7. Surface Extraction 8. Gyral Labeling
Segmentation Registration

olllustrations : DOI: 10.1037/neu0000446 - http://ielvis.pbworks.com/ - https://www.andysbrainblog.com/ - Anissa Rice

@Jacques-Yves Campion


http://dx.doi.org/10.1037/neu0000446
http://ielvis.pbworks.com/
https://www.andysbrainblog.com/
https://slideplayer.com/user/11526194/

PET projected
on surfaces
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lllustrations : ADNI subject — Clinca documentation

@Jacques-Yves Campion



TN

Pl L
;&f‘cgosg’-.
e g |

LA

Standard space

| Registerto
fsaverage
SPM Inter subject
> R SPATIAL analysis in
NORMALISATIO standard
N space

lllustrations : ADNI subject

STATE OF THE ART AND o 1o | S e |
IMPLEMENTATION ~ inctiate " Inserm ) (657" @ S Leaa—

@Jacques-Yves Campion



ARTIFICIAL INTELLIGENCE

O PyTorch ¥ TorchlO Weights & Biases

« PETsurface » prediction PETCritics
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@Jacgues-Yves Campion



2D PROJECTION
VIEW

» Freesurfer tool to apply data to sphere
« 2D projection (mollweid)

=>New visualization for nuclear physician
=>Easier |A algorithms (2D vs 3D mesh)

g B \é" | o

lllustrations : ADNI subject

@Jacgues-Yves Campion



HOLOGRAPHIC VIEWS

« Convert Freesurfer data to 3D model

* Implement 3D model to Augmented Reality with web
interface

« Create 3D interface in Mixed Reality with Hololens 2
« Statistics visualization

« Better patient ad interview

« Upgrade medical inferaction and diagnosis

lllustrations : ADNI subject - https://www.philips.com/

@Jacques-Yves Campion



