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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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Why FLASH - Thera peUth index er A v

Holthusen’s hypothesis
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Ultra-rapid “FLASH” RT: New biology
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FLASH - Current technologies (preclinical)

MeV electrons at Synchrotron kV x-rays at
Lausanne U, Stanford, IU and Lund U ESRF (Grenoble)
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Schuler IJROBP 2017
Jaccard Med Phys 2018
Montay-Gruel Radiother Oncol 2018
Patriarca IJROBP 2018

., & Kim Phys Med Biol 2019
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. MeV electron FLASH -RT at CHUV

Prototype 6 MeV electron Linac

PMB-Alcen, Peynier, France * Oriatron 6e .
an s T . * Dose rates: few Gy/min -

>1000Gy/s
* Wide range of parameters

* Gun current, pulse-repetition
frequency, pulse width, and
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MeV electron FLASH -RT at Lund University |- .»:gg;
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‘Proton FLASH RT at U Penn / Groningen

°* |IBA Proton RT

* March 2019 IBA announced first
proton FLASH-RT at University
Medical Center Groningen

* May 2020 - Mevion/Wash U
announced 226Gy/s FLASH at Bragg
peak using 230MeV proton beam

PHASER team Indiana University - Stanford - SLAC -7;



‘Proton FLASH RT at U Maryland

*Varian FLASH Forward Consortium / U
Maryland

* Modified clinical ProBeam
* FLASH (40Gy/s) vs conv proton RT (1Gy/s)

* 30% reduction in lung fibrosis with
FLASH in mice

* Reduced incidence of skin dermatitis and
improved overall survival in FLASH- vs

conventionally-treated mice
Ghirdani Annual conference AACR 2019
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Proton FLASH RT at Institut Curie .. ® .,
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138 MeV and 198 MeV:

>40Gy/s

3D printed Lucite ridge filter
2 cm spread-out Bragg peak
Offline animal immobilization

Camera alighment system
Aperture for irradiation
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FLASH experiments at Stanford and U 1 A
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FLASH total abdomen irradiation
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FLASH total abdomen irradiation
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. FLASH total abdomen irradiation

E F G
50 ok 1000 *
| | | |
([ X ]
£ 404 — 2 800 °
g I = ns
— _ A= ] [ I
2 30 ns % 600 A
(?) 1 =
Yy— 20 .l 6 400 Py ]
(@ o m E .0
(@] (@] =
Z 10 = = 200 I_h
A [ - A
0 0,
Control CONV FLASH Control CONV FLASH
0 Gy 14 Gy 14 Gy 0Gy 14 Gy 14 Gy

Levy/Natarajan/Wang bioRxiv 2019

PHASERteam Indiana University - Stanford - SLAC -;



W FLASH proton total abdomen irradiation e ag e
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FLASH - Summary of biological findings g ag
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Com

nared to conventional dose rate irradiation, FLASH achieves:

* RecC

uced normal tissue injury

* Equal or better tumor killing in vivo
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PHASER: Next generation radiation therapy
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* 400X faster: Freezes * FLASH RT: New biological * Compact & economical:

motion, ultimate precision advantages Global access to RT
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Multi-center FLASH collaboration o ,.
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NCI program project grant proposal

* 4 projects on brain tumor
el 8 ’a and normal brain responses
f“‘ “’“ ue s" N to FLASH, and mechanisms
T #EW _led by Stanford, UClI,
Lausanne U, and U lowa

8C Obcemea

e NG L & = * 3 coresincluding FLASH
| . irradiation infrastructure
and neurocognition - led by

¢4 e Stanford/IU and UCI
FLASH electron linac facility at Lausanne U/CHUV
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Immediate next step: preclinical system

FLASH Experimental X-ray Conformal Therapy
(FLASH-EXaCT)

10 MeV
electron linac

DRAGON linac I-!igh sensitivity CCD camera
Light source +
6MW commercial MV target & excitation/emission filters
modulator/klystron selectable collimator
I
cd

\
Rotating stage/mouse jig\

10 MV treatment beam

International collaboration: tBeam f.ibstr optic prfbe tation/emission fil
. stopper 18 source + excitation/emission tiiters
UC Irvine, Stanford Rad Onc/SLAC, Real-time PMT detector -

Lausanne U/CHUV, Indiana U, U lowa
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‘Take home points

* 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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