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Medical application of energetic electrons (VHEE)
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« Comparison of relative depth-dose distributions »

Treatment planning (photons)
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(Ronga et al., doi : 10.3390/cancers13194942)
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Temporal effects in toxicity, FLASH

Mice in-vivo bilateral thorax exposure (4.5MeV electrons)
Lung fibrosis occurrence following irradiation
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CONV e-: 0.03 Gy/s
FLASH e-: 60 Gy/s

Favaudon et al., DOI: 10.1126/scitranslmed.3008973
Ponette et al. int. j. radiat. biol 2000, vol. 76, no. 9
Bayart et al, DOI:10.1038/s41598-019-46512-1
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Du%lgpulse in vitro survival assay (e-, 4.5 MeV)
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Electrons,

e Dose per fraction: mGy to Gy
- E <250 MeV LASER-DRIVEN « Dose deposition:
_ short time, high dose-rate

e o2 10011+ erston 12 Instantaneous « Delay between fractions: >ms
dose-rate
~10°— 102
Gy/s

Duration:
icosecond
Average dose-rate
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Gy/min H
1 dm3 target
volume Repetition: Hz- kHz CONVENTIONAL
MeV
()cm; 150
1e\ect(or\ pea Ll §
Required charge for 10Gy: 500 nC - Dinst 109
o Total laser energy: 7.5 kJ (15 J/nC) : D > 10
.« Treatment time: 755 (100 W) : avg
entrance/exit : .
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Target dose: 0Gy, 10Gy, 13Gy, 16Gy Lateral irradiation size: > 30 mm
Vertical size: limited to 20-25 mm
Coorte: 24 mice (6 weeks old) Dose at intestines < 1 Gy
CT scan, C57BL6/) Mouse
Oropharinx

Organs at
risk
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LUNGS
Hearth Mylar \ Holder PMMA
Build-up /
bolus \
Organs at |
risk Lung tissue
Intestines

XI
(Credit C. Giaccaglia) 7
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Counts (a.u.)
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Electron source parameters (Salle Jaune) ‘NaS; POLYTECHNIGUE
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Normalized dose

ROI: 10 mm diameter

Az: 16cm Penetration test phantom
(Credit C. Giaccaglia)
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In vivo irradiation setup ”\m POLYTECHNIGUE

Scintillating
beam monitor

Alignment beam

Electron beam
shield I-au

(2= 91 cm) \\‘ f\

Mouse holder A"" I _ |  r ﬁ

(z =100 cm) L 5 L- .,....-l_-llg

Electron beam

Gas nozzle
(z=0)

Beam diffuser
(z=50cm)
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Biological holder and dosimetry

air-tight enclosure Razor IC
channel
100 pm Mylar ,
separation \-\
5 mm bolus ——__ & o i
| i
(R, ), 1y Sy

mouse support

/

fluid circulation
channels

Exposure conditions:

e 30-50 mGy/shot @ 0.5Hz

e Dose rate: 0.9 — 1.5 Gy/min
e Current: 250 pA
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In vivo mice experiment (May 2024) D W b EAgSs
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Scintillating screen

(beam monitor)
+ bolus & RCEs Alignment laser &
e- Beam shaping
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Monte Carlo source modeling
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Spectral condition on target
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Electron spectral components on bolus
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(Credit J. B. Amakkattu)
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Mice followup: 10 months

Weight (g)

30+
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Mice weight follow-up
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Mice survival
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Days after irradiétion (days)

6 months

e No sudden death for dose at intestine

e No head/larynx/esophagus complications
e No cardiac problems for excess dose

e No volume effect

(Credit C. Giaccaglia)
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Irradiated mouse, 16Gy full thorax, 4mo. post C | 7
Dose per pulse: 50 mGy/shot @0.5Hz (1.5 Gy/min) oronal cut, /mo post-exposure
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(Credit C. Giaccaglia)
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« Laser-driven electron beam for radio-biology in novel temporal modalities
« Beam and protocols for in vivo manipulation and irradiation

« Controlled exposure of 24x C57BL/6 mice, 1.5Gy/min, fast-fractionation

e Uniform dose deposition in depth over >15 mm, 40 mm?

 Toxicity study is ongoing.
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