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A word of caution

Difference between High Dose rate (HDR) and FLASH

FLASH effect is a biological effect that may happen
when the dose is delivered in a very short time 
duration and therefore high dose rate (HDR) beams
are used to trigger FLASH effect

FLASH effect is a biological effect and as long as one 
talks about physics, one should talk about HDR that
may trigger FLASH effect



Beam structure

 

 

 

 

 

3 6

3

2

0.5 2.2

10 5 10 /

10 5

10 1000 /

10 200

  pulse width 

  pulse repetition frequency

 dose-rate in pulse       

 dose per pulse

  mean dose-rate     

p

p p

m p

Gy s

Gy

Gy s

s

Hz

w

f

D

D D w

D D w f



−

−

−

− 

−

−

= 

=   −

          

Time

Dose-
rate

p pD D w= 

pD

1 / fw

1/f  >> w



Flash RT
Flash (HDR)

Mean dose-rate
~100 Gy/s

Treatment time
< 1 s 

Conventional

Mean dose-rate
~ 4 Gy/min

Treatment time
~ minutes



Flash is really a flash



Why is Flash RT of interest?

Increase in differential response between normal 
tissue and tumors

Short treatment times (<1s)
Motion management, i.e. remove intra-fraction 
motion
Patient comfort
Improved treatment



First in human

2019

FLASH timeline

Phase I trial

2018

Transfer to pig model

Phase III trial (ongoing)

1970s

1st observation

Since 2014

Preclinical studies

Clinical transfer

2021



Montay-Gruel 2017; Vozenin 2018

Memory testing in mice
(whole brain irradiation)

Pig skin irradiation

Two important experiments

34 Gy 31 Gy 28 Gy



Metrology



Ion chamber

Usual tool not available

For traceability

For usual measurements

Petersson 2018



Traceability

Absolute dosimetry

Calibration to a national standard

There is no standard for HDR beams

No usual traceability possible

Use of redundancy
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Agreement within 3 % for UHDR and within 2 % for CONV
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Redundancy of dosimetric measurements  traceability

Take dosimeters with different

detecting principles → different

dose rate dependency

Start with reference conditions 

(conventional LINAC) →

extrapolate to UHDR

Gonçalves Jorge 2019

http://upload.wikimedia.org/wikipedia/commons/7/73/Paraquat.svg


UHDR dosimetric intercomparison



Towards primary standards

Schueller 2021



Pre-clinical



Dosimetric procedure for UHDR

Jorge 2019

Procedure developed for three 

setups

a) PMMA box (mice)

b) Water Tank (zebrafish)

c) Collimator (mini-pig)

→ Procedure applied to biological irradiations with in vivo dosimeters

Without procedure : dose deviations up to 15%

With procedure : dose deviations <3%



Pre-treatment

Pre-treatment
[Gy]

Alanine A 
[Gy]

Alanine B 
[Gy]

Dose 
[Gy]

14.9 14.9 14.9

Additional safety measures

Pulses and time counter device (independent) 

Bourhis 2019

Dosimetry of first patient
Treatment Dosimetry check



Clinical transfer



Electron UHDR

Moeckli 2021



An example of 

commissioning



FLASH with Electrons at IntraOp

Attribute Std Mode FLASH (HDR) Mode

Energy config.

(3 Modes)

6/9/12 MeV Conv 

(3)

6 & 9 MeV FLASH (2)

6 or 9 MeV Conv. (1)

Pulse Width 1.2µs 0.5 – 4.0 µs (manual adj.)

Pulse Frequency 30 pps 10 – 100 pps (manual adj.)

Dose Delivery Monitor Units # of Pulses and Distance

Screen for Entering Number of Pulses in 
High Dose Rate mode

HDR Pulse Structure Control User 
Interface Courtesy of IntraOp



Beam commissioning

Moeckli 2021



Beam commissioning

Moeckli 2021



FlashKnife, PMB/CHUV



FlashKnife – PMB/CHUV

• Pre-clinical prototype

• Partly commisioned

• Next

• Clinical prototype for IORT end of 2022

• Commissioning

• Start clinical protocol in IORT



AAPM – ESTRO joint WG



Beam monitoring



Beam monitoring / eRT6

Jorge, submitted



Beam monitoring / eRT6

Jorge, submitted



Beam monitoring / eRT6

Jorge, submitted



Beam monitoring / Mobetron

Oesterle, 2021

BCT

Mobetron Beam exit



Linearity CONV

Oesterle, 2021



Pulse shape and monitoring

Oesterle, 2021



Linearity with PW and PRF

Oesterle, 2021



Stability

Oesterle, 2021



Clinical trial



Clinical trial



Clinical protocole



OTHER DEVICES



Non electron UHDR

Maxim 2019 ; Gao 2020 ; Diffenderfer 2020 ; Darafsheh 2020 ; Resaee 2021



The future



Which beam ?
The «dream beam»

Kirkby ESTRO 2021



VHEE CHUV/CERN project

Boehlen 2021
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Brain 190cc, spherical shape
VMAT
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Prostate 104cc, spherical shape
VMAT
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Mediastinum 173cc, concave
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FLASH-RT is a promising technique
Imprvement needed in

Metrological traceability
Monitoring and control of the beam
Safety issues to be solved
Capability to treat deep seated tumors

Conclusions


