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FLASH radiotherapy

Irradiation at ultra high dose rate

Very fast deliveryof the dose

Shift from minute of exposure to milli- and even micro-
second

V Favaudon

eRT6 Oriatron PBM/Alcen
Electron beam, 5.5 MeV energy
Pulsed beam



Conventional dose rate RT FLASH-RT



THE FLASH EFFECT 
is a biological effect
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And FLASH-RT is equally able to eradicate
tumors compared to CONV-RT

Normal tissue sparing
FLASH-RT does not induce Normal tissue toxicity

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

Using TGD assay (no TCD50 assay has been published)

• Using electron and proton beam
• In preclinical mouse model

• Small volume
• Single dose and hypofractionated regimen
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Test Endpoint Neuronal
pathways

Novel Object Recognition
Visual / Working

memory

Hippocampus
Pre-frontal cortex
Perirhinal cortex

Temporal order
Visual / Working /Temporal 

memory

Hippocampus
Pre-frontal cortex
Perirhinal cortex

Fear Extinction

Conditioned learning
Fear / Stress evaluation

Fear suppression
Dissociation learning

Hippocampus
Pre-frontal cortex
Amygdala

Object in Place
Visual / Working / Spatial 

memory

Hippocampus
Pre-frontal cortex
Perirhinal cortex

FLASH-RT preserves brain’s function

• Cognitive skills of FLASH-RT irradiated mice 
is equivalent to control mice

Montay-Gruel et al. 2019, PNAS
Montay-Gruel et al. 2018, Radiother&Oncol
Montay-Gruel et al. 2017, Radiother&Oncol

J Ollivier  B Petit    P Montay-Gruel C Limoli          M Acharya    J Baulch   B Allen

Normal Brain irradiation
10 Gy WBI with FLASH and CONV dose rate



Doubling brain pO2 reverses FLASH effect P Montay-Gruel

Montay-Gruel P et al., PNAS, 2019

J Ollivier  B Petit 



Testable hypothesis: O2 depletion

Wilson et al., Front in Oncol, 2020

Year Lead author Paper type O2 depletionper 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%



In situ Oxygen depletion after FLASH and CONV-RT- measured with oxylite
irradiation

Veljko Grilj



Measurements do not support any radiolytic oxygen depletion
at therapeutic doses (10 Gy) delivered FLASH



Houda Kacem

Particles Chemical system G°(H2O2) 

(molecules/100eV)

Reference

6 MeV CONV electrons

[NO2
-] /[NO3

-]

0.77 ± 6.07x10-3

Kacem, in prep

6 MeV FLASH electrons 0.71 ± 5.2x10-3

137Cs γ-rays 0.726 Wasselin-Trupin 2001

60Co γ-rays
CH3OH/[NO3

-]
0.69 Laverne 2002



Consistently the impact on plasmid DNA is similar with CONV and FLASH-RT 

Nicolas Cherbuin

Cherbuin et al, in prep

GEANT-4 DNA 
S Incerti, L Desorgher



Amplex Red method (fluorometry) DEDP .+ method (Spectroscopy)

Montay-Gruel et al , PNAS, 2019 Froidevaux P, unpublished data

Minutes 
[H2O2] 
measurements
from PNAS 
paper



• No radiolytic oxygen depletion at therapeutic doses (10 Gy) delivered FLASH

• H2O2 Primary yield is similar FLASH and CONV

• But at Isodose FLASH-RT produces less ROS (H2O2) than CONV-RT

Recombinaison process?

Alteration of the biological cascade?

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



2019 March 2021

At Ohio State University,
President Biden Introduced to the Future 
Potential of FLASH with Electrons



How use FLASH-RT in the clinic?

Technology and medical physics’ questions
Impact of fractionation/interval

Impact of the volume/conformality



What are the devices able to operate at Ultra-high dose rate?

Wilson et al., Front in Oncol, 2020

Gao et al., bioRxiv, 2020



FLASH-RT can be fractionated
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BM analysis, 20 days post-RT
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M106 PDX/T-ALL 

In Tumors

Human T-ALL with different susceptibility profile to FLASH-RT

Chabi et al, IJROBP, 2020

F Pflumio B Uzan

 

 

Delivery 

Mode 

Prescribed 

Dose (Gy) 

Beam parameters 

Source-to-

surface distance 

(mm) 

Pulse repetition 

Frequency (Hz) 

Pulse width 

(µs) 

Number of 

pulses 

Treatment time 

(s) 

Mean dose 

rate (Gy/s) 

Instantaneous 

dose rate (Gy/s) 

CONV 
 

4 

 

880 

 

10 

 

1.0 

 

>557 

 

>55.6 

 

<0.072 

 

<7.2 × 103 

FLASH 
        

4 800 100 1.8 3 0.02 200 7.4 × 105 

All tumors are not equally sensitive to FLASH-RT



M106 M114 M108

Putative susceptibility profile found after FLASH-RT in T-ALL

Inhibitor of cdc2/cyclinB1 kinase 
Wt pathway

Metabolic pathways

P53 pathway



4 mo post-RT 5 mo post-RT 6 mo post-RT 7 mo post-RT 12 mo post-RT

8X8 cm
31 Gy 1 Fx

20 p-200 ms
150 Gy/s

2.6 cm
28, 31, 34 Gy 
10p-100ms
>280 Gy/s

34Gy      31Gy      28Gy

9 mo post-RT 3 years post-RT

Impact of dose and volume



Arm 1
External radiotherapy

Accelerated 48 Gy (10X4.8 Gy)

Gasymova et al, BMC Vet Res, 2017

Arm 2
FLASH-RT

30 Gy single Fx
3p- 20 ms

Vozenin et al, CCR, 2019

FLASH-RT in superficial tumors
In the frame of a phase III clinical trial 

In cats with SCC

C Rohrer



10 Dogs (heterogeneous population, 
sarcoma, BCC, SCC, melanome, MastC)
Dose escalation from 15 to 35 Gy
Short term follow up (3 mo)

Evaluation of Flash Proton RT in Dogs 

with Bone Cancer of the Leg



J Bourhis 

Varian and the Cincinnati Children's/UC 

Health Proton Therapy Center Announce 

Initial Patient Treated in the FAST-01 First 

Human Clinical Trial of FLASH Therapy for 

Cancer

Oncology

November 19, 2020

PALO ALTO, Calif., and CINCINNATI, Ohio, Nov. 19, 2020 /PRNewswire/ --
Varian (NYSE: VAR) and the Cincinnati Children's/UC Health Proton Therapy 
Center today announce the start of the first clinical trial of FLASH therapy as part 
of the recently opened FAST-01 study (FeAsibility Study of FLASH Radiotherapy 
for the Treatment of Symptomatic Bone Metastases). The clinical trial involves 
the investigational use of Varian's ProBeam® particle accelerator modified to 
enable radiation therapy delivery at ultra-high dose rates (dose delivered in less 
than 1 second) and is being conducted at the Cincinnati Children's/UC Health 
Proton Therapy Center with John C. Breneman M.D., Medical Director of the 
center, serving as principal investigator.
The first clinical trial patient was treated this week. The FAST-01 study is expected 
to enroll up to 10 patients with bone metastases to evaluate clinical workflow 
feasibility, treatment-related side effects, and efficacy of treatment as assessed by 
measuring pain relief of trial participants. The clinical trial, informed by years of 
preclinical work, was designed by experts at Varian and multiple centers in the 
FlashForward™ Consortium, including Cincinnati's Children's/UC Health Proton 
Therapy Center and the New York Proton Center.

Impulse Trial is the First to Evaluate the Curative Potential of 

the FLASH Effect

June 2021

https://c212.net/c/link/?t=0&l=en&o=2987399-1&h=332770382&u=https%3A%2F%2Fwww.nyproton.com%2F&a=the+New+York+Proton+Center


What is needed

Technological development
FLASH specific TPS?

Implementation of conformality
Conventional fractionation

Impact of beam structure
Impact of beam parameters



What remains to be explored

Does one dose rate fit all purposes?

Impact dose rate vs volume 
Impact of dose rate vs Organ

FLASH effect in human

What about combined therapie?
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