(1 Institut de
C) Cancérologie

[ OARRONAX ] SUbOEGCh (© de I'Ouest

1 1 o p 2 = - E o
'u’ IV Nantes
T Atintique W Universite unicancer
Erelagne-Pays da a Loie
Frole Mnes-Telseom

Dosimetric environment of preclinical FLASH
hadrontherapy studies at the
ARRONAX cyclotron

Manon Evin, Charbel Koumeir, Quentin Mouchard, Gregory Delpon, Ferid Haddad,

Vincent Potiron, Gaélle Saade, Mathieu Chocry, Noél Servagent, Stéphane Supiot,
Vincent Métivier, Sophie Chiavassa

Groupement
@ C- D R de recherche

MI2B Outils et méthodes nucléaires

pour la lutte contre le cancer




_

FLASHMOD project

Time (s)

=

. PHYSICAL Step =

—> Development of FLASH external radiotherapy - lonizations and excitations S

Q)

PHYSIOCHEMICAL Step —+

FLASH effect 1o Molecular dissociations o

-}

Increase in dose rate from 0.1 GY/S (CONV) Heterogeneous CHEMICAL Step =

to at least 40 Gy/s (UHDR):  «  Reduced toxicity to healthy tissue Enlargement of 10° PO ?D

e Same anti-tumoral efficienc —_— ; Homogeneous CHEMICAL Step —

Y the the:japeutlc . Reactions and diffusions 4P

. WIinaow
Main goals
3600 DNA repair and enzymatic reactions
Understand the FLASH effect mechanisms BIOLOGICAL Step
Cellular and tissue response

\/

Montay-Gruel,P., et al. (2019). DOI: 10.1073/pnas.1901777116

Facing the technical challenges of UHDR

——> Multidisciplinary team around the ARRONAX cyclotron
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Dose rates
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- ARRONAX preclinical irradiation platform
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Beam control

UHDD and CONV beam monitoring Quentin Mouchard

Linearity with dose rate
Fluorescence of the air dinitrogen: peak at 337 nm (UV) =—> Photomultiplier tube (PMT) Y

500+
— 4 ® Mesures PMT
oo T T T ot S < 400 Droitey=ax
Fluorascence PMT ~ 7 —_— ~ J—a=0.12710.000
sol Spectrum N seconaen, — > 1  R%=99.97%
BV, 1 E 2 300
€ Direction of . \ = ) _
S 60 light =n|re=> }d — c 4
: JX = T 500-
: d + -
¢ dor ( Faceplate/ U : \ c 200 ]
i Anode Stem I: ]
20 Electron multiplier (Dynodes) .
Construction of a photomuttiplier tube. 2 1 O O ]
%Ool * = 300 e :100 * 500 Matsuada website, « Photomultiplier Tube (PMT) ». o E
wavelengthl :’l. [nm] [31/05/2023]. 0 T T T T I T T T T I T T T T I T T T T
0 1000 2000 3000 4000

Mean dose rate (Gy/s)

Temporal structures of beams
Charaterization of the method

— PMT

r —— Trigger

Selection of the best PMT candidates
Feasibility of UHDR and CONV monitoring
Feasibility of temporal monitoring
Feasibility of a geometric profile

0.04

delay (50 ps)

4 09
| -0.021 001
' 4 E ; :ggi:é 32-.8_4:13
—0-04__ ,0_04EI r — T — T T
) 0.06 ] 48.6 48.7 48.8
acuum o

0.02

ANENENEN

Amplitude [u.a.]

Amplitude [u.a.]

Time [ps]
faraday cage PMT o 10 20 '3'0'_' 40 s0 e 70
with guard ring Time [ps]

* Mouchard Q., et al.. Upgrade of the flash beam monitoring system at ARRONAX cyclotron. (FRPT 2022). {(hal-03885576) 3



https://imt-atlantique.hal.science/hal-03885576

Beam control

Set-up & methodology for preclinical irradiations

In vivo dosimetry

Conclusion

Preclinical irradiations at ARRONAX
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Set-up & methodology for preclinical irradiations In vivo dosimetry Conclusion

Context Beam control

Irradiation field sizes and margins Study with 11 mice using the XRAD225Cx
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Set-up & methodology for preclinical irradiations

Irradiation field sizes and margins

Optimal homogeneous field size (cohort) = Organ size (cohort) + Margins ypgeting (- Margins gespiratory

Fluoroscopy mode XRAD225Cx (8 images/s)

Delta Antero-Posterior

Maximal amplitudes over 10 cycles of an anaesthetized mouse

1.8

M\ e

1.6
1.4 \ / i
1.2

B
: \ /
N 1 - -
[0 e Delta Diaphragm
-U .
3 0.8 e Delta Antero-Posterior
‘S 0.6F .
: \M
<< 0.4
0.2 -
0 ] ] —— 4 cmfrom @ 15 mm - simulated
0 0.5 1 1.5 2 - 101 R o %~ .. —— 4cmfrom @ 30 mm - simulated
Time (s) > [ \ 10 cm from @ 15 mm - simulated
g 0.81 | | % 10 cm from @ 15 mm - experimental FLASH
) ’ | | = 10 cm from @ 15 mm - experimental CONV
n | |
-8 0.6 |
me==p Collimator apperture (cohort) = Optimal homogeneous field size (cohort) 5~ ‘
/ .g 0 4' ‘
+ Geometric penumbra © | |
£ |
S 021 '
= | |
| ” 7’.fl . : | I I _—
|:}'EZO =15 =10 -5 0 5 10 15 20




Beam control Set-up & methodology for preclinical irradiations In vivo dosimetry Conclusion

Impact of the respiratory cycle under FLASH-RT [Verical irradiation

FLASH-RT irradiation time - ms

Dosimetric impact ?
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Heyden, Brent van der, et al.. « The Influence of Respiratory Motion on Dose Delivery in a Mouse Lung Tumour
Irradiation Using the 4D MOBY Phantom ». The British Journal of Radiology 90, n® 1069 (janvier 2017): 20160419.
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Beam control Set-up & methodology for preclinical irradiations In vivo dosimetry Conclusion

Impact of the respiratory cycle under FLASH-RT

Lateral irradiation
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Differences in homogeneity and mean dose:

the one to be considered

- <1 % for entrance lung — _ _
for biological analyses

- [1-3] % for exit lung and both lungs



In vivo dosimetry

In vivo dosimetry with radiochromic films

LET (Linear Energy Transfert) dependency
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* Villoing,et al. « Proton Beam Dosimetry at Ultra-High Dose Rates (FLASH): Evaluation of GAFchromic™ Depth in RW3 (mm)
(EBT3, EBT-XD) and OrthoChromic (OC-1) Film Performances ». Medical Physics, 2022.
https://doi.org/10.1002/mp.15526.

Gate simulation

* Villoing., et al., « Response characterization of a new radiochromic film to ultra high dose rates for » Determination of the correction factor f(LET)

light ions beams. » (ESTRO 2022). {hal-03680039)
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Beam control Set-up & methodology for preclinical irradiations In vivo dosimetry Conclusion

In vivo dosimetry with radiochromic films

Mouse whole brain irradiation: GATE simulation from XRAD225Cx uCBCT and targeting without image guidance at ARRONAX
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In vivo dosimetry

Conclusion and perspectives

PMT for beam control In vivo dosimetry Methpdolqu for -internal organs
through light emitted by air with OC-1 films targeting without image guidance
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Dosimetric environment of preclinical
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e Patriarca A, et al. « Experimental Set-up for FLASH Proton Irradiation of Small Animals Using a Clinical System »,
International Journal of Radiation Oncology*Biology*Physics, DOI: 10.1016/].ijrobp.2018.06.403. 11
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