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Radiotherapy — External beam therapy

Conventional dose rate ~ 0.03 Gy/s

* In 20 — 30 fractions to affect all cell cycle phases,
and to reach the hypoxic centre of a tumour

The cell "double checks” the 7
duplicated chromosomes for #

error, making any needed
repairs.
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FLASH effect

Conventional dose rate ~ 0.03 Gy/s
* In 20 — 30 fractions to affect all cell cycle phases,
and to reach the hypoxic centre of a tumour
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FLASH effect

Conventional dose rate ~ 0.03 Gy/s
* In 20 — 30 fractions to affect all cell cycle phases,
and to reach the hypoxic centre of a tumour

FLASH dose rate > 40 Gy/s
* Lower toxicity in healthy tissue but same tumour
control
 Effect only consistently observed in-vivo, not in-
vitro
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FLASH effect
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Conventional dose rate ~ 0.03 Gy/s
* In 20 — 30 fractions to affect all cell cycle phases,
and to reach the hypoxic centre of a tumour
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FLASH effect
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FLASH effect

 Consistent irradiation

Beam particle
Beam delivery

Average dose rate
vs peak dose rate

Dose threshold
Fractionation

Dosimetry

e Simple model

Irradiation time for delivering 10Gy (s)
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Proton Therapy at TRIUMF

e Clinical operation since
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Proton FLASH @ TRIUMF
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Proton FLASH @ TRIUMF
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Fibres for Proton FLASH at TRIUMF
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Cell irradiation — Proton FLASH

Desiccated yeast model:

* Usage: In space radiation research

(BioSentinel, Deep Space Radiation Genomics)

* No specific transport or storage requirements (Can be
prepared off-site)

Research aim:
Validate desiccated yeast model to be an appropriate model
for radiobiology experiments, to be used in extreme

conditions

PINT collaboration: C. Thome, S. Tattenberg, NOSM




Validating the model
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Validating the model
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Validating the model

Desiccation
Oxygen enhancement (OER)
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Validating the model 20-
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Proton FLASH at TRIUMF

Photon - rad51

0.1+

0.01

Relative Survival

0 100 200 300 400 500

Dose (Gy)
-o- Conventional
-+ FLASH




Proton FLASH at TRIUMF

Photon - rad51 . Proton - rad51
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Photon FLASH @ TRIUMF
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Photon FLASH @ TRIUMF
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Photon FLASH @ TRIUMF

FLASH — DoseEqg @ 10 MeV

Average dose rate up to ~ 200 Gy/s
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Photon FLASH @ TRIUMF
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Photon FLASH with Sapienza University
SApienza Flash Electron Source for radio-Therapy (SAFEST)

Klystron
Canon (5MW 200 Hz)

Pulse compressor
(LNS-INFN design)

beam

Modulator
Scandinova k100

ARIENZA INFN

Istituto Nazionale di Fisica Nucleare

In final construction phase at
University of Rome “Sapienza”

Testing VHEE SW & TW technology

C-Band (5.712GHz) LINAC,

compact and modular

layout

Optimal compromise for

a) High-charge electron
bunches

b) Compact accelerating
structures

c) Low disperse flux

Slide Prof. V. Patera



Photon FLASH with Sapienza University

SApienza Flash Electron Source for radio-Therapy (SAFEST)

Klystron
Canon (5MW 200 Hz)

Pulse compressor

C-Band (5.712GHz) LINAC,
compact and modular
layout

Optimal compromise for
a) High-charge electron

bunches
Modulator b) Compact accelerating
Scandinova k100 structures

c) Low disperse flux

SAPIENZA

UNIVERSITA DT ROMA

Slide Prof. V. Patera

Istituto Nazionale di Fisica Nucleare
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