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Introduction to radiation therapy

Normal tissue 
toxicity Tumor 

control

Strategy 1: To increase tumor sensitivity to radiation 
without any additional effect on normal tissue 

Strategy 2: To increase normal tissue resistance to 
radiation without any additional effect on tumor

Conventional RT UHDR RT
1 Gy/min > 40 Gy/s
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FLASH-RT limits radiation induced-toxicities while being isoeffective on tumors compared to conventional-RT

Electrons ; Protons; Photons ; Carbon ions

Brain :     
Montay-Gruel et al. 2017
Montay-Gruel et al. 2018

Simmons et al. 2019
Allen et al. 2020

Montay-Gruel et al. 2020
Alaghband et al. 2020

Gut :     
Levy et al. 2020

Diffenderfer et al. 2020
Evans et al. 2021
Kim et al. 2021

Ruan et al. 2021

Skin :          
Field et al. 1974
Inada et al. 1980
Soto et al. 2020

Cunningham et al. 2021
Velalopoulou et al. 2021

Tinganelli et al. 2022

Lung :          
Favaudon et al. 2014
Girdhani et al. 2019
Fouillade et al. 2020

Vozenin et al. 2019
Rohrer Bley et al. 2022

Vozenin et al. 2019
Rohrer Bley et al. 2022

Kondradsson et al. 2021
Velalopoulou et al. 2021

Flash effect

Montay-Gruel et al. 2019
Beyreuther et al. 2019
Pawelke et al. 2021

Schoenauen al. 2024
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Pathogenic mechanisms induced by radiation is modulated by UHDR irradiation

Biological features of FLASH irradiation
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FLASH facility at H.U.B

Mobetron by IntraOp

UHDR modeCONV mode

6 or 96 / 9 / 12Energy [MeV]

1 - 2500,1Mean dose rate [Gy/s]

0.5 – 4.01.2 Pulse width [µs]

10 - 12030 Pulse frequency [pps]

≈ 1054.10³Instantaneous dose 
rate [Gy/s]

# of pulse and distanceMonitor UnitsDose delivery

FLASH-IQTM Advanced 
Dosimetry

Dual Ion 
ChamberDose control

Mobetron Clinical Electron IORT System

Cherenkov Effect
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FLASH results with Mobetron

Schoenauen et al. CTRO (2024) Data from Nina Blond (H.U.B) Valdes Zayas et al. Cancers (2023)
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What do we know, what do we don’t know ?

 Demonstrated with various ionizing radiation
 Demonstrated in multiple pre-clinical models
 Demonstrated in single dose and hypo-fractionated regimen

X   Data regarding tumor control 
X   Mechanism(s) responsible for the FLASH effect
X   Volume effect
X   Optimal beam parameters to trigger the FLASH effect
X   Late toxicity data
X   Fractionation schedule
X   Multi-field irradiation
X   Optimal tools for robust FLASH dosimetry
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Which tools do we have to use for dosimetry ?

Physics of UHDR beams differ from conventional ones  Dedicated tools have to be used 

Wrong tools ! 
Ionization chambers 

Usual tools need correction factors !

Kranzer et al. 2021
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Jorge et al. 2019

All detectors were found to agree within 3% at
conventional and FLASH dose-rates, indicating
excellent dose-rate independence

Ashraf et al. 2020

Which tools do we have to use for dosimetry ?
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Which tools do we have to use for dosimetry ?

Ruan et al. Int. J. Radiat. Oncol. (2022) 

C3H mice model
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What is the impact of fractionation ?

H454 orthotopic glioblastoma model

Montay-Gruel et al. 2021
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What is the impact of fractionation ?

H454 orthotopic glioblastoma model

Montay-Gruel et al. 2021
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What is the impact of fractionation ?

H454 orthotopic glioblastoma model

Montay-Gruel et al. 2021

Data from Montay-Gruel et al. 2021

1 X 25 Gy3 x 10 Gy1 X 14 Gy2 x 7 Gy1 x 10 Gy4 x 3.5 Gy

876034242019BED tumor [Gy]
(α/β = 10)

23313079474330BED brain [Gy]
(α/β = 3)
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Volume effect

Rohrer Bley et al. 2021
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What are the mechanisms responsible for the 
FLASH effect ?

Kacem et al. 2021

More than 20 hypotheses :

? Oxygen depletion / transient hypoxia
? Radiochemical alteration
? Immune response modulation

…
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Take home message

 FLASH - RT spares normal tissue and is equally able to eradicate
tumors compared to CONV-RT

 The effect was demonstrated in multiple pre-clinical models, in a
broad range of tissues

 Preclinical radiobiology studies highlights several challenges to
address in order to ensure a rapid and successful transition of the
technology to the clinic
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