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2014

2018-2019

Vincent Favaudon

Growing community
Of 1500 scientists

2024: 213 articles
2025: 82 articles



Preclinical results 

> 40 publications

➢ >18 publications
➢ >23 tumor types

Single dose and HypoFx
TGD, TC and carcinogenesis

Chabi et al. study show Rr to FLASH
Not properly powered to show isoefficacy

Long-term sparing 
of vasculature
No fibrosis



Accelerator

developments

Mechanistic

studies

Clinical 
applications 

of FLASH

Pre-clinical  
studies

Understand how Normal 
tissues are protected and 
Tumors destroyed? 

Fully control the required 
physics parameters 

Fully control the required 
conditions

How can we use FLASH safely in the clinic?



Kacem et al., 2021, IJRB

Time (s)
BIOCHEMICAL Step

PHYSICAL / PHYSIOCHEMICAL
& CHEMICAL Step

10-15 10-6 1 3600 Long term effects60

BIOLOGICAL Step

FLASH
• Less toxicity 
• Tumor control 

CONV
• Toxicity
• Tumor control



Less ROS due to Radiolytic O2 depletion?

Wilson et al., Front in Oncol, 2020

Year Lead author Paper type
O2 depletion per 100 

Gy

1949 Day M.J. experiment 3.3%

1969 Evans N.T.S. experiment 2.6%

1974 Weiss H. experiment 3.3%

1975 Ling C. modelling 2.6%

1986 Michaels H.B. experiment 3.3%

2019 Pratx Modelling 5.5%

2020 Boscolo D. Modelling 2.4%

2020 Petersson K. Modelling 5% and 10%

2020 Zhou S. Modelling 2.6%

2020 Hu A. Modelling 3.7%

2020 Labarbe R. (IBA) Modelling 2.2%

NO, Measurements do not support any radiolytic oxygen depletion
at therapeutic doses (10 Gy) delivered FLASH

FLASH

CONV



O2 depletion
NO

But oxygen status does matter



FLASH does not induce 
Lipid peroxydation

0.1 Gy/s

100 Gy/s

10e6 Gy/s

Gupta et al., Rad Res, 2024, doi: 10.1667/RADE-23-00131.1 

Peptide oxidation is 
lower with FLASH

Froidevaux et al., Rad Phys Chem, 2023, doi: 10.1016/j.radphyschem.2022.110733 



DNA damage

Cell death

Stem Cells and Progenitors depletion

Inflammatory response

Vascular damage

Organ function alteration

Normal tissue toxicity cascade?

Less apoptosis and senescence

Preservation endothelial cells and 
vascular integrity

Better pool preservation and proliferation

Less expression of pro-inflamatory molecules
Less activation of innate immune cells

Pierre Montay-Gruel, PhD

Function preservation



Less inflammation 

Montay-Gruel et al. 2020
Montay-Gruel et al. 2019

Favaudon et al. 2014

Simmons et al. 2019

Cunningham et al. 2021, pFLASH 

Velalopoulou et al. 2021, pFLASH

in the brain

in the lung

in the skin

Preservation of organ function

YES! YES!

Montay-Gruel et al. 2017
Montay-Gruel et al. 2018
Montay-Gruel et al. 2019

Simmons et al. 2019
Alaghband et al. 2020

Allen et al, 2022
Alaghband et al., 2023

Limoli et al. 2023
Almeida et al., 2023
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Pediatric 
model

Levy et al. 2017

in the gut

Kim et al. 2024

in the heart

Chowdhury et al. 2024

in the salivary gland



Better anti-tumor immunity?



25 Gy
pFLASH: 257 ± 2 Gy/s
pConventional: 4 ± 0.02 Gy/s

Iturri et al., IJROBP, 2023, doi: 10.1016/j.ijrobp.2022.12.018.
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Almeida et al., R&O, 2023,
doi.org/10.1016/j.radonc.2023.109953 

Tumor experiment

Rechallenge experiment

20 Gy
pFLASH: 100 Gy/s
pConventional: 0.1 Gy/s



B. 

Tumor growth delay 
(calliper measurement) 

C57BL/6J mice
Swiss Nude mice

NRG mice

20 Gy
3 x 8 Gy
2 x 6 Gy

Injection of tumor
cells in the flank

RTA. 
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20 Gy
eFLASH: 1000 Gy/s
eConventional: 0.1 Gy/s

Almeida et al, IJROBP, 2024, doi: 
10.1016/j.ijrobp.2023.10.031

NO!





Take-home messages:

• Normal tissue reponse is dose rate dependent but tumor killing is dose rate independent

• Radiolytic O2 depletion cannot explain the FLASH effect

• Less lipid and peptide peroxydation might contribute to normal tissue sparing 

• Normal tissue: Less apoptosis, less neuroinflammation: sparing stem cells and vessels

• FLASH kill tumor the same way than CONV (DNA damage, cell death, immune response) 

At least we can exclude some mechanisms

A common mechanism in normal tissue and tumors?



What needs to be explored

Differential effect betwen normal tissue and tumor => fundamental 
difference between normal and tumor tissue

• Metabolism
• Cell signaling
New hypothesis: 

Contribution of proteostasis
Biophysical properties of Normal tissues vs tumors (stiffness)



FLASH-RT in the clinic
Current status





30 Gy
eFLASH: 1500 Gy/s
10x4.8 Gy
eConventional: 0.1 Gy/s

Rohrer-Bley et al., 2022 Clin Cancer Res 
doi: 10.1158/1078-0432.CCR-22-0262

Borresen et al., 2023 Front in Oncol
DOI 10.3389/fonc.2023.1256760
 

3/7 FLASH treated cats

4/7 FLASH treated dogs

30-42 Gy
eFLASH: 115 Gy/s

Single 
high dose



FEATHER: Phase 2/3 trial on feline oral 
squamous cell carcinoma

2 proton arms with comparable BED (for CONV)

• Arm 1: 3x11Gy CONV

• Arm 2: 3x11Gy FLASH

Transmission beams (RBE = 1)

• Avoid energy-switching deadtime

• Avoid range and LET uncertainties

• Smaller beams = higher dose rate

Primary endpoint: acute toxicity

Secondary endpoint: anti-tumor efficacy

S. Psoroulas | New beams: FLASH

KFS 5639-08-2022, PI: C. Rohrer Bley, UZH

S. Psoroulas, UZH / DC Weber, PSI / MCVozenin, HUG

07.11.2024



How use FLASH-RT in the clinic?





Pre-clinical research dedicated to answer clinical questions

How use FLASH-RT in the clinic?

Technology and parameters
Impact of the volume/conformality



In rodent, probably yes

Have we really defined the optimal beam parameters? 



Standard RT: Dose is delivered in several minutes

With FLASH, dose is delivered in milliseconds

In micro-seconds

Even in nano-seconds

SPES cyclotron can contribute to 
define better the FLASH parameters

Intense 30 à 70 MeV proton beam: nanoAmps to 700 microAmps

The beam can be pulsed- 
pulses width = microseconds- 100 Hz 
Frequency = milliseseconds- 100 Hz 

Beam size: 9 mm total
1  = 3mm 



Kacem et al. RO in revision



SPES cyclotron can contribute to 
• Test of new detectors
• Understand better the mechanisms- 
 Radiation chemistry
 Biology of normal tissue
 Biology of tumors



Swiss FLASH «dream» team 

Biology team
J Franco-Perez
P Ballesteros-Zebadua
B Petit
J Ollivier
H Kacem
A Almeida
L Kunz
M Knol
A Job
A Martinotti
C Romero
C Godfroid
R Leavitt
J Jansen

Charles Limoli and Team
M Acharya 
P Montay-Gruel         
J Baulch
B Allen
Y Alaghband

Billy Loo  and Team

Peter Maxim

Clinical team
P Tsoutsou
A Durham
N Koutsouvelis

Physics and clinical team PSI
D C Weber
S Psoroulas
T Lomax
M Togno
M David
S Sairos
R Schafer

SPIRIT P01/R01
PHRT
Varian

Veterinary school Zurich
C Rohrer-Bley and team
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