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Background

Ultra-high dose rate irradiation (UHDR-RT) vs Conventional irradiation (CONV-RT)

The FLASH biological effect: /n vivo model Increase normal tissue tolerance and maintain tumor killing.

The biological FLASH effect was found with different particles with different temporal
structure: Electron, proton and X-rays.

The FLASH effect might depend upon the early physico-chemcial events, biochemical events and biological outcomes
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Technology

Electron beam structure Proton beam structure
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Water radiolysis



Water Radiolysis experiments Radiolytic yield (G-value):

Number of species created (or destroyed)
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Experimental procedure
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Savenging method to compute G°(H,0,)

HO® + HO® - H,0,, k= 1.1 x 1019 M~1s-1

HO*+S—> P
f [S] > tg= ! \ ___, HO%is sc.ave.nged at
[SIxks earlier time
Exemple: [S1]:[H,0,] = G(H,0,)1 x Dose
A
[H,0,]
(mol/L) G(H,0,)1

Dose (Gy)

—+ G(H,0,) \

G(H,0,) = G°(H,0,) — p x V[9]
A

Go(HZOZ)*\

*
G(H,0,) E N

(molecules
/100eV) *
—
[S]Y/3 (mol/L) 2/3

(Sworski 1954)



Chemical system for scavenging method

Samples composition: N, saturated aqueous solutions (2% of
using Hypoxia hood) containing various [NaNO,] + 25mM [NaNO;,]

[NaNO,] = 10 pM

NO, + HO®* - NO°,+OH, k=8x10°M1s71 100 M
1mM

HO® + HO®* — H,0,, k=11x101°M1s71 10 mM

100mM

H,0, + HO®* - HO*, +H,0, k= 2.7x10" M~1s71

NO; + e, NO,%, k=9.7x10°M~1s71 [NaNOQ,] = 25 mM

NO; + H* — HNO;, k=1.4x10°M~1s71

H,0, + €, = HO"+OH, k=1.1x10""M~'s™!
H,0, +H* - HO*+H,0, k=9x10" M~'s™!

(Buxton 1988)



Results: G°(H202)
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Results: G(H202)
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DNA Damage



Experimental procedure

Plasmid DNA
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Results

e-RT6_5.5MeV_electrons_21%02
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Results

PSI_235MeV_Transmission protons_21%02
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UHDR-RT results in similar DNA damage as CONV-RT in the plasmid model "



Zebrafish development



Experimental procedure
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Results

Survival assessments of Zebrafish embryos
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The FLASH sparing effect was found with electron at 21400 Gy/s and proton at 0.1 and 1260
Gy/s with a minimal impact on embryo survival and growth 5 days post-fertilization. Toxicity
was found with 225 kV photon and electron beam at conventional dose rate.

(Kacem et al, R&O 2022 Attepted)



Results

Fish length assess developmental retardation induced by
irradiation at 5 days post-fertilization

at 10Gy
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Developmental sparing effect was found at 5 days post fertilization induced
by proton (conventional and UHDR) and electron UHDR. Whereas alteration
in fish length was found with 225kV photon and CONV electron



10Gy at 48h post RT
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at 10Gy
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UHDR-electrons protected the development of ZF, protons at both dose rates were isoefficient at sparing ZF embryos



Conclusions

UHDR-RT does not impact early physico-chemical events

Differential production of H202 was found at UHDR compared to conventional irradiation

DNA damage in the plasmid model is similar at both dose rates with atmospheric conditions

Dose responses in ZF model were found for electron and proton beams whereas dose rate
responses were found for the electron but not for the proton beam. Proton beams appeared to be
protective at both dose rates.



Acknowledgments

Biology team CHUV Physics team CHUV

Physics team PSI

In vivo Imaging Facility

MC Vozenin F Bochud S Psoroulas A Benechet
C Bailat M Togno
P Montay-Gruel JF Germond M David Cellular Imaging Facility
J Ollivier P Froidevaux A J Lomax EM hal
B Petit L Desorgher S Sairos orgenthaler
A Martinotti P Jorge Goncalves D C Weber
| Petridis V Grilj R Schafer S—
P Barrera F Chappuis ' ‘.
. ) s suiss
G Boivin S Zein Scé:stTzAET:z?chA:ERUINA5|0NALF0NDS
C Romero
3 ° ° WISS NATIONAL
N Cherbuin Clinical team CHUV
R Leavitt .
A Almeida Radiation-Oncology . .
I Bourhis Varian, Healthineers company
C Godfroid
b Ballesteros-Zebadua W Jeanneret (Palo Alto, CA, USA)
M Oszahin
J Franco-Perez
F Herrera

H Luo

UNIL | Université de Lausanne

Faculté de biologie
et de médecine




