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Fundamental Research
Radiobiology: particle interaction / cell

In vitro Imaging
Cellular Imaging
In vivo Imaging

Bioinformatics

Diagnosis
Clinical Exam

Medical & Molecular Imaging
Contrast Agent

Modeling & Simulation (Geant4, Gate)
Reconstruction Algorithms

Therapy

Radio-Immunotherapy
Hadrontherapy

Surgery



1963, Hal Anger
First clinical study

using 68Ga

2016, FDG exam

Radiopharmaceutical
- 1976, FDG

Detector improvement
- Scintillation crystal (NaI -> LSO)
- Photodetector (PMT -> SiPM)
- block structure

Acquisition protocol
- 2D -> 3D, 4D, 5D…
- whole-body
- Multimodality (PET/CT, PET/MR)

Nuclear Medicine Molecular Imaging

Molecular Imaging should be Accurate, at an Early stage, Predictive.
Theranostics (Therapy + Diagnosis )

The Right Drug To The Right Patient
For The Right Disease At The Right Time With The Right Dosage

Motivations

Personalized medicine



What are our imaging expectations ?
Molecular Imaging should be Accurate

Improve Spatial Resolution & Detection Efficiency of Positron Emission Tomography (PET)
- Dedicated Readout Electronics
- Crystal/photodetectors coupling
- Reconstruction Algorithms 

- Innovative Instrumentation (PET 3γ)
- Time Of Flight (TOF) 

Rat 
Phantom

LOR
3rd

g

XEMIS2 and 3-Photon Imaging Project (Subatech)
Compton imaging
using  liquid xenon telescope

digiPET Project (IPHC)



What are our imaging expectations ?
Molecular Imaging should be at an Early stage

Development of new radiolabeled molecules for PET & SPECT
- Research and Production Sites (ARRONAX, Subatech, IPHC, GANIL) 
- Innovative Radionuclide for Nuclear Medicine

- Generator: Sr-82/Rb-82, Ge-68/Ga-68,
- Theranostics: Cu-64/67, Sc-44/47
- Long Half-life: Zr-89

- Research in Radiochemistry
- Target development

Tc-99m / Rb-82
Arronax -> generator Sr-82/Rb-82

X-Cu-64
IPHC
Jiao tong University, Shanghai

24h, PI



Isotope for Therapy

Theranostics couple:
Ga-68 / Lu-177
Ga-68 / Ac-225 



Isotope for Therapy

Principle of Radio-Immunotherapy:
- (1) Specific recognition of cancer cells (eg monoclonal Ab’s, Ab-fragments, peptides)
+ (2) Chelate/Linker (derivatives of DTPA, DOTA)
+ (3) Effective killing

β-: Cu-67, Sc-47

α: At-211

Applications for Alpha-Immunotherapy:
- Monocellular cancers (eg Leukemia)
- Micrometastatic disease
- Minimal residual disease after chemotherapy
- Residual tumor tissue after tumor resection

(1) (2) (3)

Cluster of cells

Individual cell



Hadrontherapy

Detector for
beam monitoring

Detector for
dose control
dose measurement
imaging system

Input from « fundamental research »
Radiobiology
Radiochemistry (DNA and cell damages) 
cross section for secondary particles

Modelisation

Treatment planning Optimisation



Hadrontherapy
Imaging systems, quality control in a clinical environment

PET approach

!

γ-prompt approach

Compton camera

Hodoscope

IVI approach

pCT approach



Hadrontherapy Modelisation in a clinical context



ARCHADE aims to create a European Centre for Research and Development in 
Hadrontherapy dedicated to basic and applied research.
But also to conduct a collaborative research program to develop and validate a 
cyclotron prototype.



Hadrontherapy Preclinical infrastructures

AIFIRA (Bordeaux)
proton,a < 3MeV
In Vitro
Micro-beam < 2µm

Radiograph (Lyon)
proton < 3,5MeV
In Vitro
Macro-beam < 2 cm

PAVIRMA (Clermont)
X, neutron < 2,5MeV
In Vitro

Arronax (Nantes)
Proton,a < 70 MeV
In Vitro
Macro-beam < 5 cm

PRECy (Strasbourg)
Proton < 25MeV
In Vitro and In Vivo
Macro-beam < 2 cm

GANIL (Caen)
12C < 95 MeV/n
In Vitro 
Macro-beam < 5 cm

Development of complementary  irradiation platforms
- different particles and energies
- in vivo and in vitro experiments

from cell (micro-beam) to tumor irradiation 



Example: merging Hadrontherapy and Imaging

Longitudinal studies
metabolism
Cell proliferation
Apoptosis
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rpPET project, IPHC



Perspectives…

Almost 20 years ago…

PET/CT is a technical evolution that has led to a medical revolution
(Johannes Czernin, UCLA, 2003)

Invention of the Year

SNM Image of the Year



MRI compatibility

PET/CT is a technical evolution that has led to a medical revolution
(Johannes Czernin)

PET/MRI is a medical evolution based on a technical revolution (Thomas Beyer)

PET/CT or PET/MR, use of multi-parameters approaches ?
AI can help ?



Almost 20 years ago…time of flight (TTV03)

Non-TOF 
backproj

Non-TOF 
OSEM

P Lecoq, C Morel, J Nuyts



Dedicated imaging systems…
Whole body imaging

https://explorer.ucdavis.edu



Dedicated imaging systems…
Brain imaging

Helmet-PET BrainPET Possible geometry



Targeted therapy and companion test
Use of metalic isotopes

Source: MEDraysinstell, 2018

Source: Kratochwil et al, JNM 2016



Artificial Intelligence…

From Duffy et al, Molecular Imaging, 2019
From Duffy et al, Molecular Imaging, 2019

From Häggström et al, Medical Image Analysis, 2019


