.
-
—
-
—
——

Fast Optimization of Range Modulators 3D

MC based Optimization of
3DRM for UHDR p+ therapy

Update on the FRIDA activity

"

-

NS A7, -
rsh: UNIVERSITA
FLASH Radiotherapy with high {’//: 2\:5“\\\ D l TR ENTO
Dose-rate particle beAms

A. Taffelli - FRIDA GM - 04-03-2026 | N FN
* ROMA TRE

Azz’qnda qum'nqz'alq
}ger_z Sermzz Sanitari

vincia Autonoma di Trento




FRIDA WP4 at Trento: &9

FLLASH Radiotherapy with high
Dose-rate particle beAms

1) Commissioning of a Fast Monte Carlo code for treatment
plan recalculation (concluded)

2) Development of 3D Range modulators for Ultra-high dose
rate (UHDR) p+ therapy based on MC simulations
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FLASH Radiotherapy with high
Dose-rate particle beAms

1) Commissioning of a Fast Monte Carlo code for treatment
plan recalculation (concluded)




1) Commissioning of a Fast MC code for proton plan recalculation

Implementation of the Trento gantry proton beam model in FRED:

Relative dose (a.u.)
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1) Commissioning of a Fast MC code for proton plan recalculation

At

-

G240

Independent MC tool for several applications: FLASH Radiotherapy wih high
Dose-rate particle beAms
MatriXX TPS ¥30, 3mm FRED ¥3% 3mm
: | “wd p=
z o Patient-Specific Quality Assurance
. ol

3 l Simulation of log-based plans to assess
2 dose rate metrics

1 Log-based - Nominal l LR

- T T T T T T
-5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20
cm cm cm

Simulate and assess microdosimetric
information for RBE evaluation

Taffelli et al.2026 , Physica medica, submitted
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FLLASH Radiotherapy with high
Dose-rate particle be Ams
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2) Development of 3D Range modulators for Ultra-high dose
rate (UHDR) p+ therapy based on MC simulations
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2) 3DRM for UHDR proton therapy

FLASH Radmtherapy with hlgh

Dose-rate particle beAms
INFN

Why UHDR: Grant Giovani INFN 2024

1.00 e ———
Reason 1: FLASH EFFECT F T v
z 2022
B , :
. . . S 0.50 —
* In RT = increase the therapeutic window : a
0.25- 2 NTCP with conventional radiotherapy
—— TCP with convent ional radiotherapy
----- NTCP with FLASH radiotherapy
——— TCP with FLASH radiotherapy
0.00 T T 1
0 150 200
Dose (Gy)

Reason 2: SPEED UP THE TREATMENTS

* Organ motion mitigation (ms treatment)
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2) 3DRM for UHDR proton therapy

FLASH Radmtherap}f with hlgh

Dose-rate particle beAms
INFN

Main problem with UHDR: Cyclotron energy switching takes approx. 1 sec Grant Giovani INFN 2024

We cannot achieve high dose rates and the overall FLASH effect is lost

(@)

1
+ 106

t 1\0 4
IO 2
4 0 4

20 22 24 26 28 30 20 22 24 26 28 30

* Pins are used to passively modulate the proton h e Pertnem
energy

X [cm]
N

Passive energy modulation

Lateral Distance X [cm)]

Lateral Distance

* Hedgehog or 3D range modulator

* Optimize the pins to reproduce the objective dose
distribution

l

Simeonov 2022 Biomed Eng
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2) 3DRM for UHDR proton therapy

.

FILASH Radiotherapy with high
Dose-rate particle be Ams

Clinical cases:

XY slice at z=4.84

Case1: Lung Cancer
e Small volume

* Heterogeneus medium

¥

Azienda Provinciale
er i Servizi Sanitari

CaSGZ Liver Cancer (O“gOing) XY slice at 2=-54.01 ovincia Autonoma di Trento
* |Large volume

* Homogeneus medium
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2) 3DRM for UHDR proton therapy

XY slice at z=4.84

Case1: Lung Cancer
* Small volume

* Heterogeneus medium

-20 -10 0 10 20

1 Single field considered

Active case: Passive case:
* Energy: 106.0-142.2 MeV —} e Only max energy 142.2 MeV
°* Npb =54 * Npb =36

* Range shifter * Range shifter



2) 3DRM for UHDR proton therapy

Case1: Lung Cancer

* (Creation of Look Up Tables
(LUTs) of dose distributions

with

* Opposed to standard
analytical methods

#

-

FLASH Radiotherapy with high

Dose-rate particle beAms

for each pb we simulate with FRED a dose map
for increasing thickness of the attenuator

field

fifit

3 6 9 12 15

attenuator

the slab of the attenuator is shaped
as the modulator

a collimator 2cm large is
considered around the slab

field

computational time for the production of all the LUT: 20 minutes

18

. g
| 3np

Fast Optimization of Range Modulators 3D

Dose map for #pb and #thickness
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2) 3DRM for UHDR proton therapy

-

FLASH Radiotherapy with high
Dose-rate particle beAms

Casel: Lung Cancer

* Optimization of the pb fluence associated to the thickness

Constraints: ITV and Ring
ITV target dose: 62Gy xwis - LUT 12mm N ew LUTS
Ring: max dose 52Gy (to 70% volume) 120

80

. . . . _ ) 0 LUT 78mm
* Conversion of optimized weights into pin lengths zass | e

10

field *7 Axis
pb mm weight pin length (res 0.1mm) direction * N
1 0.0 2.369 0.80 cm
1 3.0 2.318 0.79cm 2/ S Optimized 3DRM
1 6.0 2.430 0.77 cm Ry shape
1 9.0 2.390 0.75 cm .
1 12.0  2.448 0.74cm field
1 15.0  2.560 0.72cm direction *
2 0.0

Thanks to P. Aklaghi



2) 3DRM for UHDR proton therapy

Casel: Lung Cancer

collimator + 3DRM

collimator

20 A

~200 _150 ~100

Phantom

y (cm)

50

#

-

FLASH Radiotherapy with high
Dose-rate particle beAms

Optimal dose

3DRM dose

3DRM - Optimal

dose diff

—

Fast Optimization of Range Modulators 3D

XY slice at z=4.83

—

-

Gy (RBE)

—
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2) 3DRM for UHDR proton therapy

-

FLASH Radiotherapy with high
Dose-rate particle beAms

Casel: Lung Cancer

Comparison with the active R
case: ne
g 60 -
O
3
= —— Active
> - UHDR
e 20 A
O
L
-

Dose [Gy]

Fig.1: Dose distribution for the active plan and passive (UHDR) plan (left), and corresponding
DVHs for the ITV and Ring structures (right).
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2) 3DRM for UHDR proton therapy

XY slice at z=-54.01

Case2: Liver Cancer
* |Large volume

* Homogeneous medium

1 Single field considered

Active case: q Passive case:

°* Energy: 70.0-146.1 MeV * Only max energy 146.1 MeV
°* Npb =5142 * Npb = 369

* No range shifter * No range shifter
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2) 3DRM for UHDR proton therapy
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FLASH Radiotherapy with high

Dose-rate particle beAms
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Fast Optimization of Range Modulators 3D

.1 Gy (RBE)
Case1: Liver Cancer
. _ . L, CTV DVH (%)
Constraints: CTV and Ring g = o
@) 125 >
a)
CTV target dose: 62Gy 3 -
g 75 - 80
c‘c;z 3
Ring max dose: 52Gy (to 70% volume) i 2 60 ——  Optim
o o —  3DRM
-225 -20.0 -175 -15.0 -125 -10.0 -75 =50 0 E
Gy (RBE) 2 w0l
*5_ 15.0 h: \
g 12.5 I 20 - k
(0)) 10.0 [
(7))
g . N &
() 5.0 - 20 T 1 T T 1 '
™ - 0 10 20 30 40 50 60 70
Ny iw Dose (Gy)
° We lose conformity compared to the opt:
- Error in the simulation setup with the
3DRM?
o - Implementation beam fluence in the opt
: C i algorithm
4mm base pins

- Model the beam divergence
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Next steps: Modelling

-
FILASH Radiotherapy with high

Dose-rate particle be Ams

Clinical cases:

XY slice at z=4.84

Case1: Lung Cancer

* Small volume

Move to the simulation of the FLASH

* Heterogeneus medium setup:

- Maximum available energy (226MeV)

- Larger Range Shifter
Case2: Liver Cancer (ongoing)

- Larger beam spotsize

* |Large volume

A~

* Homogeneus medium
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Next steps: Printing and testing

.

FILASH Radiotherapy with high
Dose-rate particle be Ams

- First feasibility test of printing with a stereolithographic printer
(Duplicator 7, Wahnao

- Standart white resin Test 2DRM in the exp room

- 100 um resolution Test of 3DRM in the gantry

Duplicator 7

DESKTOP 3D PRINTER
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FLASH Radiotherapy with high
Dose-rate particle beAms

CONCLUSIONS

ltllNa
di Fisi Nl

(\) TIFPA

Commissioning of a fast MC code (FRED) for the APSS of Trento

Successful implementation of FRED as a tool for further studies

INFN

Development of an algorithm based on MC to design 3DRM B lM? Bb
First results on clinical cases are promising .,3
e/

Azienda Provinciale

er i Servizi Sanitari
rovincia Autonoma di Trento

Printing and testing of 3DRM UNlVERSITA

DI TRENTO

INFN

ROMA TRE

Ongoing feasibility study




Thanks to:

F. Tommasino, E.Scifoni
A. Attili, P. Aklaghi
A. Schiavi

F. Fracchiolla, S.Lorentini

THANK YOU
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Istituto Nazionale
{ B di Fisica Nucleare
‘ \‘\ rento

9

INFN

BiMe

Bio—Medical Hadiation physics lab

Azienda Provinciale

er i Servizi Sanitari
rovincia Autonoma di Trento

. UNIVERSITA

M- DI TRENTO

N



	Slide 1: MC based Optimization of 3DRM for UHDR p+ therapy
	Slide 2: FRIDA WP4 at Trento:
	Slide 3: FRIDA WP4 at Trento:
	Slide 4: 1) Commissioning of a Fast MC code for proton plan recalculation
	Slide 5: 1) Commissioning of a Fast MC code for proton plan recalculation
	Slide 6: FRIDA WP4 at Trento:
	Slide 7: 2) 3DRM for UHDR proton therapy
	Slide 8: 2) 3DRM for UHDR proton therapy
	Slide 9: 2) 3DRM for UHDR proton therapy
	Slide 10: 2) 3DRM for UHDR proton therapy
	Slide 11: 2) 3DRM for UHDR proton therapy
	Slide 12: 2) 3DRM for UHDR proton therapy
	Slide 13: 2) 3DRM for UHDR proton therapy
	Slide 14: 2) 3DRM for UHDR proton therapy
	Slide 15: 2) 3DRM for UHDR proton therapy
	Slide 16: 2) 3DRM for UHDR proton therapy
	Slide 17: Next steps: Modelling
	Slide 18: Next steps: Printing and testing
	Slide 19: CONCLUSIONS
	Slide 20: THANK YOU

