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* FLASH radiotherapy (FLASH-RT) is a novel treatment modality based on Flash effect [1]:
» Ultra-high dose rate (= 40 Gy/s)
» Totalirradiation time <200 ms
» Protective effect on normal tissues compared with conventional irradiation
» lIsoefficacy on tumoral lesions

* AIM of this study:
— verify the possibility of using low energy electron FLASH-RT as an Upper Eyelid
alternative treatment modality for localized uveal melanoma

» highly radioresistant
» most common primary intraocular malignancy in adults [2]
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» stereotactic radiotherapy (SRS-RT) Nk B ) melanoms
> particle therapy e
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* FLASH radiotherapy (FLASH-RT) is a novel treatment modality based on Flash effect [1]:
» Ultra-high dose rate (= 40 Gy/s)

>
N Main steps of the project: irradiation
S P Dose distribution evaluation and optimization (Monte
Carlo tool)
ii. RBE voxel by voxel implementation + FLASH sparing Adapted from [2]
* AIN effect
B * invivo and in vitro experiments and/or literature data an SEEEeS
a .
iii.  Evaluation of the therapeutic potential of FLASH-RT i
compared to SRS-RT + development of a quantitative e
comparison tool based on dosiomics and advanced Cornea —
statistics .
¢ Tr1 (4% of cosen)
> enuc le at| on Cilliary body Optic Nerve
» plaque brachytherapy
. . Lower Eyelid
» stereotactic radiotherapy (SRS-RT) ' Choroidal melanoma
. (+ 90% of cases)
» particle therapy
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 ElectronFlash (EF) research LINAC installed in
Pisa A.O.U.P. - S. Chiara Hospital [3]

* The system operates in electron mode only,
with energies of 7 and 9 MeV [3]

* Thee-beam is collimated by means of a passive
beam optics + tungsten shaper [3]
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AC installed in

e

=

The e-beam is collimated Dy means of a passive
beam optics + tungsten shaper [3]

Independent parameters
e-beam current (mA)

Pulse time width (us)

Dose-per-pulse (Gy)
Average dose-rate (Gy/s)
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e EGSnrc Monte Carlo = HE
Software / 0.000 | i i | | o x
> 9MeV electron beam »30mm
@30'm m primary _ ) \Tungsten -
collimator (PMMA) - Jell shaper with Jo—
A8 | 2 iz
> Tungsten shaper for lorz:enciirg‘tra' LI
further beam collimation \° |
\ I | .
Beam optics
Part of the setup has been mcé‘éesued n
. . nrc
already dosimetrically
validated!
63:911 \\ H \\
67.906 —Z- mc. ‘
Xz view — I ! Plot properties... I ! Print... I ! Close I
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A | li =
SOftware Simulated PDD in water |
> 9MeV electron beam 100 . T =
/ N ¢ Build-up = 13.60 mm
> ®30mm primary / \\ e R90 =21.60 r:nm e
collimator (PMMA) 80 1 maxtarget o Pag=a3s0mm
depth
» Tungsten shaper for R [
further beam collimation |z \
o
£ \ |
\ optics
Part of the setup has been -0 \ '}led n
. . nrc
already dosimetrically \ ’
validated! 0
0 ZIO 40 60 80 100 30.044
penetration (mm) 63.011 \
* Target coverage with beam .
R90 - | = =
> limiting factor xz view | ot properties... | rint... | ose
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patient [ maxtarget Jbeam angle|| collimator tumor cross configuration
depth (mm) (deg) angle (deg) |[dimensions (mm?) Feasibility study
PO1 22 270 0 15x12 C1
29 180 0 14x 12 C2
23 225 45 15% 14 c3 /N
21 240 45 10x 10 C4
P02 29 270 0 20x18 C1
36 180 90 20x18 C2
35 200 75 20x 20 C3 ‘
PO3 35 270 50 19x 14 c1 nesen
34 225 0 20x 15 Cc2 PET | clinical
43 180 0 19x 14 C3 target
P04 33 270 84 20x 25 C1 e-beam
35 180 75 20x 25 C2
31 230 0 17x25 C3
32 250 85 17x25 C4
P05 27 270 0 20x18 C1
37 180 65 20x18 C2
30 235 0 20x18 C3
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max target _ tumprcross 5 Simulated PDD in water @9MeV
depth (mm) |[dimensions (mm<~)
22 15x12 100 —— Open Field
—— shaper 20x20 mm?

29 14x12 — shaper 15x15 mm?
23 15x14 80 - —— shaper 15x10 mm?
21 10x 10 —— shaper 10x10 mm?
29 20x18
36 20x 18 60 - Beam_app30L Build-up (mm) R90 (mm) R50 (mm)
35 20x 20 s Open Field 13.6 21.6 33.6
35 19x 14 E shaper 20x20 mm? 8.0 17.0 29.0
34 20x 15 40 7 shaper 15x15 mm? 3.0 12.0 24.0
43 19x14 shaper 15x10 mm? 1.0 9.0 21.0
33 20x 25 2o shaper 10x10 mm? 0.0 6.0 18.0
35 20x 25
31 17 x25
32 17 x25 0-
27 20x 18 ' - - . . .

0 20 40 60 80 100
37 20x18 penetration (mm)
30 20x18
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e Magnetron powered electron LINACs can
produce up to 30 MeV beams [4]

» Can be mechanically collimated
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R90 (mm)

21.6
26.4
29.6

20MeV 14.4 33.6
100 ;
25MeV 11.2 34.4
/ 30MeV 10.4 34.4
80
R90 @ Open Field
60 - E>20MeV
4{) -
—— 9MeV
—— 12MeV
20 —— 15MeV
—— 20MeV
—— 25MeV
0 —— 30MeV
0 20 40 60 80 100

penetration (mm)
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“~ Isodose

7 110% (29.7 Gy)
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PTV

e H

Opticherve_R

Brain
AntChamber R .

patient dim voxel phantom max target beam angle collimator beam exit point energy shaper opening
(mm3) depth (mm) (deg) angle (deg) (mm) (MeV) (mm?)
P05 1.25
0f + 0]
27 0 (-2.5,-7.7,-0.8) 20 20 x 18 Cl =~y 65% +35%
37 65 (-6.8, -4.6, -0.8) 25 20x 18 c2 | Best
30 0 (-4.1,-7,-0.8) 20 20x 18 cs”| Co nfiguration
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Dose (%)
120
100 4
Optic Nerve SRS = = = —
Dmax = 10 Gy \BQ Simulation ——
— PTV
. B0 A E1h")
£ Eye R
E —— Opt.Nerve_R
% —— Brain
= 40 - = Ant Chamber R
— Lens_R
Anterior Chamber
B 20 1
Dinax = 20 Gy
D n .
0 5 10 15 20 25 30
Dose (Gy)
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Example 1

Dose (%)
60 80 100 120
1 1 1

]..DD n LY -~
1'h'l. ﬁix \
. % h\.\
W% . .
Optic Nerve \ 2 Prescription dose
= A
Dmax 10 Gy 80 | x\\ 1‘; N 27Gy@PTV
1\.\ \:\
T 1) . . .
“\ Normalization point
__ 60 4 b - 27Gy@GTV 80%
&
o
E
=
2
> 40 8
. ‘H_:L‘ -
v, -
Anterior Chamber N,
20 - -~
Dmax = 20 Gy .
\_.\
0 1 - + —
0 5 10 15 20 25 30
Dose (Gy)
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SRS
Simulation ——

— PTV

GTV

Eye R
— Opt.Nerve R
— Brain
= Ant Chamber R
— Lens_R
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Patient 01

':."_ % IEUdUEE best conflgu ratlon PT".."
" 110% (29.7 Gy) \ GTV .
% 100% (27 Gy) A Opticherve_R
o 90% (24.3 Gy) Brain
" 80% (21.6 Gy) r ' \ AntChamber_R .

- CA0L F17 E [y
© 50% (13.5 Gy)

" 20% (5.4 Gy)

W 2 Gy

patient dim voxel phantom max target beam angle collimator beam exit point energy shaper opening
(mm3) depth (mm) (deg) angle (deg) (mm) (MeV) (mm?)
P01 1.25
22 270 0 (-27, -53, 6) 20 15x12 C1
29 180 0 (-60, -35, 6) 25 1412 c2 | Best
23 225 45 (-43, -50, 7) 20 15 x 14 c3 /] Configuration
21 240 45 (-37,-52,7) 25 15x14 C4
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HE

Dose (%)

100 +

Optic Nerve
Dmax = 10 Gy

SRS - ---

80 - Simulation ——

— PTV
GTV
Eye R
— Opt.Nerve R
— Brain
— Ant_Chamber R

Anterior Chamber m/_
Dmax = 20 Gy

0 5 10 15 20 25 30
Dose (Gy)
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* Final aim of this study: evaluation of the EF virtual treatment effectiveness and direct quantitative
comparison with SRS-RT
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* 9 MeV electron beam is not enough to cover deep targets — virtual beam simulations

* Future perspectives:
» Quantification of flash sparing effect (radiobiological studies)
» Combination with minibeam effect
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