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* Physics of FLASH RT
* Equipment used for FLASH RT
 FLASH RT - Preclinical evidence
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What is FLASH?

Ultra-rapid radiation treatment
(dose rate > ~40 Gy/sec) ‘

How does it compare to conventional dose rate RT?

Varian TrueBeam dose rate (calibration conditions) =24 Gy/min = 0.4 Gy/s
(at 10 MV FFF mode for an open field)

Varian TrueBeam dose rate (real world) = 10 Gy/min =0.1667 Gy/s
(10 MV FFF intensity modulated plan)
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Dosimetry for conventional beams

’ n NATIONAL
— i A = @ ACCELERATOR

D ™A 150RATORY

%)

ionizing radiation creates ion pairs high voltage current

Codes of Practice:

Formalism for clinical reference dosimetry of Plane-parallel ionization chamber in
high-energy electron beams (3 — 50 MeV) a water phantom
- IAEA’s TRS 398, AAPM'’s TG-51, DIN 6800-2 (recommended for electron beams)
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Physics of FLASH RT

* Standard linac
t,: pulse width  time between pulses t. =1/PRF

operation:
e Dose or dose rate per A ny: # of.pulses ti)tal irradiation time t;= (n,-1) x t,+t, T
pulse DPP=D,xt,  D=(n,xDPP)/t P

'UD.

macro-pulse

* Pulse frequency
« #of pulses
* Delivery time

micro-pulses

dose rate

What are the physical
parameters to achieve
the FLASH effect?
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Physics of FLASH RT © O
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conventional FLASH VHEE |laser-driven laser-driven protons from proton FLASH
radiotherapy radiotherapy (CLEAR) electrons protons synchrocyclotron (from cyclotron)
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Limitation of ionization chambers
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Dose-per-pulse (Gy)

If an error is made in dosimetry, the
difference in tissue response between
conventional irradiation and ultra-high
dose rate irradiation at apparently the
same total dose may be due to this error
and not due to the FLASH effect.
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Petersson et al., Med Phys 44 (2017) 11°¢
https://doi.org/10.1002/mp.12111

® Semiflex 0.125
4 PinPoint 3D
-e-Diode SRS

Tools and methods established in
dosimetry for conventional RT are not
suitable for FLASH-RT '

no active dosimeters for real time
dosimetry

no formalism (Codes of Practice) for
reference dosimetry

no corresponding primary standard
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Petersson et al.
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high dose per beam pulse
- high density of ion pairs
— ion recombination
— deviation from linear response E/
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FLASH - Current technologies (preclinical)

MeV electrons at Synchrotron kV x-rays at >100 MeV protons at
Lausanne U, Stanford, IU and Lund U ESRF (Grenoble) Curie, U Penn, Groningen

. ‘ - @

| B

,,,,, =

‘ T
| \ | _‘ /
| g g : |
) | ““ 4 i'i‘A ° 4 | \ I
ey & vy M e > & ‘ | . |
57 P
E i

T ””w |

e
....
""""
......

Schuler IJROBP 2017 = .
Jaccard Med Phys 2018
Montay-Gruel Radiother Oncol 2018
Patriarca [/JROBP 2018

Kim Phys Med Biol 2019
Lempart Radiother Oncol 2018
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MeV electron FLASH -RT at CHUV
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Prototype 6 MeV electron Linac
PMB-Alcen, Peynier, France
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Oriatron 6e

Dose rates: few Gy/min -
>1000Gy/s

Wide range of parameters

Gun current, pulse-repetition
frequency, pulse width, and
SSD

Dosimetry characterized
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MeV electron FLASH -RT at Lund U
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Accelerating waveguide ...

|

To linear accelerator

TYR Trigger ON/OFF

Thyratron

Pulse
Modulator
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Ultra-rapid “FLASH” RT: New biology
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8 weeks
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36 weeks

Y

Normal organ sparing

Lung

17-Gy CONV 17-Gy FLASH 30-Gy FLASH
Control y-rays 4.5 MeV el. 4.5 MeV el.
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Favaudon Science Translat Med 2014
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Preservation of neuronal microanatomy
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Skin sparing in mini-pig Therapeutic index in cat nasal cancer

Before RT

&

Mean Follicle Nb /Section
. -

B 34Gy* 31Gy* 28Gy* 7 months post-FLASH

Conyv

14 months post-FLASH

FLASH

Vozenin Clin Canc Res 2018
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FLASH experiments at Stanford and U -
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Levy/Rankin, Wang/Loo/Maxim Unpublished 2019
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FLASH total abdomen irradiation
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Levy/Natara jan/Wang bioRxiv 2019
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FLASH total abdomen irradiation ’,

Syngeneic orthotopic (peritoneal) ID8 ovarian cancer in C57BL/6
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Proton beam 230 MeV treating in plateau region
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Ultra-rapid “FLASH” RT: New biology
Tumor control isoeffectiveness

Subcutaneous Orthotopic lung

No tugmr TC-1 Luc+
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FLASH: potential mechanisms?
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PULSED IRRADIATION OF E.COLI B/r UNDER VARIOUS
OXYGEN CONCENTRATIONS

A 1% 0,

" 2d%0;
A :54%0;
r 1 =11% 02
oY .21%0;
o -100% 0,

Ultra-high dose rate effects
A

50
Dose (kilorads)

Fic. 2.

Survival curves for Escherichia coli Bfr irriadated with single
short (30 ns) pulses of electrons under various oxygen
concentrations. Taken from Epp et al. (1968).

Hall Br J Radiol 1972
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Monta
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Novel Object Recognition
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Compared to conventional dose rate irradiation, FLASH achieves:

 Reduced normal tissue injury

* Equal or better tumor killing in vivo
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Take home points

e Ultra-rapid FLASH has shown the potential for increased therapeutic
index for cancer therapy in multiple preclinical models

* Radically new technologies are being developed to deliver FLASH for
general cancer radiotherapy indications

* There is much more to be studied biologically, technologically, and
clinically
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