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Probability of Tumour Control

Innovative radiotherapy techniques to decrease toxicity to healthy tissues
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FLASH RADIOTHERAPY
Dose: > 8 Gy Dose Rate: > 40 Gy/s Irradiation Time: <200 ms
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WHAT ABOUT COMBINING FLASH AND SFRT? POSSIBLE SYNERGISTIC EFFECT



Normalised dose [ua]

From GRID therapy to minibeams...
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* 1-2 cmspot size cm wide beams radiation doses <100 pm wide beams * Experimentally >100 pm wide beams

* Dramatic relief of severe symptoms, and significantly feasible
significant objective regression, minimal improve  tumour * Possible clinical translation
toxicity in palliative settings * ddifficalty in experimental reproducibility *  pMBRT offers homogeneous tumor

* MVx-ray radiotherapy in the 50s... (large synchrotron facilities...) coverage and high SF (and Bragg peak)




Technological challenges in minibeam Radiotherapy: Beam production

* Passive collimation—> thick collimators

* Using active scanningtechnique and focusing to produce spatially fractionated radiotherapy

/ 7108  Med. Phys. 42 (12), December 2015 \
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Passively scattered 105 MeV proton

minibeams at Institute Curie (Orsay PTC)
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Dosimetric challenges in minibeam Radiotherapy

DOSIMETRIC PARAMETERS
Peak FWHM
Center-to-Center distance (c-t-c)
Peak to Valley Dose Ratio (PVDR)

Average dose and distribution

Peak and valley and average
depth dose

Dose rate for UHDR minibeams

New dosimetric protocols for small area beam (MC) * High sensitivity for valley dose measurements
High spatial resolution or small area detectors <100 um * Wide dose range sensitivity

and large area detector for average dose measure * Energy spectrum and LET independence




Biological effects of SFRT and correlation with dosimetric parameters
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Minibeam Radiotherapy
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4 WHAT IS MISSING?

Systematic study of the quantitative dependence of the magnitude of the
effect (sparing and tumor control) on varying the minibeam dosimetric
parameters characterizing the spatial dose pattern: c-t-c, beam width, field,
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MIRO

Minibeam Radiotherapy

PMMA applicators

Full dosimetric characterization with radiochromic films and Monte
Carlo simulations: Pensavalle et al., Frontiers in Physics (2023)
Thanks to the triode gun all the beam parameters independently
varied = fair comparison among the following irradiation modalities:

* Conventional (uniform) irradiations

* FLASH (uniform) irradiations
* Minibeam (conventional) irradiations
*  Minibeam+FLASH irradiations

Minibeam parameters @CPFR
Average DR @ Peak 0.07-1400 Gy/s
Average DR @ average dose 0.02-787 Gy/s
Instantaneous DR @ Peak 17.9-1780 KGy/s
Instantaneous DR @ average dose 5-948 KGy/s
DPP @ Peak 0.07-7.12 Gy/pulse
DPP @ average dose 0.02-3.8 Gy/pulse

Electron minibeam production @ CPFR

ElectronFLASH Linac (Sordina IORT Technologies, S.I.T)
Minibeam production using tungsten collimators attached to the final

Flash Radiotherapy

Centro Plsano

* Normalization to
average dose

 Same DPP and
average dose rate
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MIR®©  Proton minibeam production @ Trento ﬁo

Minibeam Radiotherapy

Azienda Pro-vmczale
per i S ervizi Sanitari
Provincia Awtonoma di Trento

Investigation of passive proton minibeam production
Scattering
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' Posch tomp » Courtesy of E. Scifoni, F. Tommasino
* Measurements of the transversal and i Low particle flux after the tungsten template E
longitudinal dose profiles with Radiochromic | Investigating the possibility to use the active scanning (in :
(EBT) films : collaboration with the Aarhus group) to improve the beam flux :
* Full Monte Carlo TOPAS simulations of the ] ' and dose rate of the minibeam !
TIFPA beamline+ minibeam collimator ~ =------------------------ - - ———— - —— - - - -



MIRE . . .
‘ Accurate dosimetry for particle minibeam (WP2)

Established passive
dosimeters, reference
dosimeters for relative dose
distributions measurement at
high spatial resolution

Issues for proton beams due to the LET dependence at
low energy
--> under response in valley regions

DEVELOPMENT OF ACTIVE DETECTORS
FOR MINIBEAM DOSE DISTRIBUTION MEASUREMENTS

. . ) _ . PVDR, Dose Peak, Dose Valley,
o Micro-Silicon Carbide detectors of small size (20-100 um) for ’ transversal dose distributions

punctual dose measurement along the beam patterns

o Large area silicon strips coupled with a rotational stage for
imaging reconstruction

o Plastic scintillator sheet placed on the beamline, after the
minibeam template

o Large area SiC detectors for the average dose measurements
to be compared to Monte Carlo simulations

Solid water =
64 strips
to TERA09; |

2.6 cm

64 strips
to TERA09,
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Minibeam Radiotherapy
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Silicon carbide (SiC) detectors A
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Developed for UHDR beams -2 suitable for UHDR minibeams

v’ Possibility to produce different SiC size

/
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1x1cm?

STLab
SiC XBPM

AVERAGE DOSE

LARGE AREA SiC DETECORS:

Experiment performed with UHDR e- beams
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TRANSVESAL DOSE DISTRIBUTION

Silicon carbide array DetectoR for dose profilE meAsureMents at

- FLASH regimes
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Research for Innovation

Pl: Francesco Romano

i+ Beam axis
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DPP_open DPP_average SiC
[Gy] [Gy]

DPP_average SiC
/DPP_open % 5 A

30.8 g, |T
31.4

In agreement with
RCF and MC (31%)

| Size<1mm
. ' Spacing<3mm
12cm
Micro-SiC array Size< 10-20 um
Spacing<50-100 um

1cm

v' First prototype realized
Sensor size: 60x60x10 um
Pitch: 100 um

N detectors=100

Dose distribution measurements
Microdosimetric spectra




Other synergic projects with MIRO

“PRIN” funded project on combination of minibeam and FLASH effects

(= post-doc position available!)

17/04/2023,22:09 Prin 2022Prin 2022

Finanziato
dall’Unione europea A g )
NextGenerationEU ALt @it ; .‘/////_/.//(" = .1‘4{(.’&; ._“7..‘.//4’((*

Segretariato Generale

Direzione Generale della Ricerca

PRIN: PROGETTI DI RICERCA DI RILEVANTE INTERESSE NAZIONALE - Bando 2022
Prot. 2022PLNN4F

PART A

1. Research project title

Increasing the therapeutic index of Radiotherapy through temporal (Flash) and spatial (mini-beam)
beam modulation

2. Duration (months)

Total budget
- 270 k€

24 months

Pl
UNIPI
(F. Paiar)

RU1
INFN-CT
(F. Romano)

-

1
f./

Uni Pisa and CN

RU 2
CNR
(M. Costa)

INFN Catania

WP1

realization and dosimetric

characterization of the beam
(INFN-Catania in collaboration with UniPd AQUP)

Objective 1

realization of the ca-surface mini-beam dose
distribution

A) Design of the template by means of Monte Carlo
Simulations

B) Realization of the ¢_mini-beam and _mini-beam
flash

Objective 2

Dose distribution charactorization

A) Beam calibration and dosimetry
B) In-vivo dosimetry

wpP2

radiobiclogical experiments
(CNR-Neuroscienze in collaboration with UniPi
TAQUP)

WP3

data analysis and future works
(UniPi in collaboration with CNR-Neuroscienze,
UniPIlAOUP and INFN-Catania)

Objective 1

in vivo radiobiclogical study of health cute tissue,
varying the following beam modality of irradiation

A) CONV

B8) MINI-BEAM
C) FLASH-RT
D) MINI-FLASH

Objective 1

analysis of possible new experiments and theoretical
studies (modeling)

Objective 2

n vivo radiobiological study of cute tumor
(melanoma) tissue, varying the following beam
modality of iradiation:

A) CONV

B) MINI-BEAM
C) FLASH-RT
D) MINI-FLASH

Objective 2

analysis of possible new clinical developments

Pisa (UNIPI and CNR) and Catania (INFN-Catania) groups involved
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Proton minibeams @ LNL
2¢cm

* 30-70 MeV proton beams

 Beam current: 30 mA-500 uA 5 mm

* Gaussian beam (sigma 3-5 mm) at the exit of the

cyclotron \

MINIBEAM PRODUCTION

1. Scattering system to spread the beam up to 2 cm
diameter beam

2. Passive tungsten minibeam collimator

Worst case scenario with scattering foils+beam stopper:

1. Decreasing of 2 orders of magnitudes in beam 15
current:
500 uA (1.5 106 Gy/s)-> 5 uA (1.5 10* Gy/s) s
5
2. Geant4 simulation for particle transmission through z
the minibeam collimators % g
15% flux transmission in terms of average dose and 51

dose rate

-10
5 uA (1.5 10% Gy/s) > 2 103 Gy/s » UHDR proton

minibeams 15
-15

-10

Improving the particle transmission through the fist scattering system
would improve a lot the final dose rate of the minibeams!

v

Scattering

system

v

Minibeam
collimator

Gy«10®

GEANT4

A SIMULATION TOOLKIT

-10

c-t-c=3 mm
FWHM=1 mm

10

Water phantom
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Proposal

v’ Possibility to produce proton minibeams trough the passive collimation at high dose rate
(> KGy/s) compatible with the combination of FLASH and minibeam radiotherapy

v Optimization of the beam transport and design of a beamline to shape the beam before
the collimator - Monte Carlo simulations needed

v Dosimetric characterization using:
v Radiochromic films: try different models
v’ SiC detector micro arrays or single detector for dose distribution measurement at high
spatial distribution and microdosimetric spectra evaluation at the peaks and valleys
v’ Large area SiC detector for average dose and dose rate measurements
v’ Radiobiological experiments within the MIRO project

15
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