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Conventional (5 Gy/min) FLASH (300 Gy/s)

normal appearance of skinnecrotic lesions 

Vozenin et al., Clin Cancer Res 25 (2019) 35 

FLASH RADIOTHERAPY
Dose: > 8 Gy Dose Rate: > 40 Gy/s Irradiation Time: <200 ms
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NTCP = Normal Tissue Complications Probability

Innovative radiotherapy techniques to decrease toxicity to healthy tissues

SPATIALLY FRACTIONATED RADIOTHERAPY (SFRT)

Fractionating time
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space
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Increased radioresistence in normal 
tissues in brain mouse

Sci. Rep. 2017, 7, 14403

Increased tumor growth delay in mouse
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2WHAT ABOUT COMBINING FLASH AND SFRT?  POSSIBLE SYNERGISTIC EFFECT 



1913 – Kohler
First delivery 

of GRID RT

2013 - Prezado
Proton minibeam RT

(pMBRT)

2006 - Dilmanian
Minibeam RT

(MBRT)

1992 - Slatkin
Microbeam RT

(MRT)

• X-rays (MV), gamma-
rays, protons?

• cm2 single field, large 
area total fields

• 1-2 cm spot size

GRID- RADIOTHERAPY

• X-rays (kV), protons
(MeV)

• Drastically increases
the normal tissue
tolerance to
radiation doses
and significantly
improve tumour
control

MICRO-BEAM RADIOTHERAPY MINI-BEAM RADIOTHERAPY

• Good 
compromise

• Still healthy 
tissue 
preserved 

• Experimentally 
feasible

Brookeven Brookeven
Grenoble

Curie

pMBRT
…

…

• Dramatic relief of severe symptoms, 
significant objective regression, minimal 
toxicity in palliative settings

• MV x-ray radiotherapy in the 50s… 
• Difficulty in experimental reproducibility 

(large synchrotron facilities…)

• Possible clinical translation
• pMBRT offers homogeneous tumor

coverage and high SF (and Bragg peak)

From GRID therapy to minibeams…



Technological challenges in minibeam Radiotherapy: Beam production

• Passive collimation→ thick collimators 
• Using active scanning technique  and focusing to produce spatially fractionated radiotherapy

Zhang et al 2022

Passively scattered 105 MeV proton 
minibeams at Institute Curie (Orsay PTC)
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DOSIMETRIC PARAMETERS

Peak FWHM

Center-to-Center distance (c-t-c)

Peak to Valley Dose Ratio (PVDR)

Peak and valley and average 
depth dose

Average dose and distribution 

FWHM

c-t-c
Valley

Peak

• New dosimetric protocols for small area beam (MC)
• High spatial resolution or small area detectors <100 um 

and large area detector for average dose measure

• High sensitivity for valley dose measurements
• Wide dose range sensitivity
• Energy spectrum and LET independence

REQUIREMENTS

Dose rate for UHDR minibeams

Dosimetric challenges in minibeam Radiotherapy



Biological effects of SFRT and correlation with dosimetric parameters

Abscopal immune responses: delay in tumor 
growth also in distant not irradiated tumors 

• Sparing normal cerebral vasculature
• Bystender effects in not irradiated cells
• Cell migration and proliferation of stem cells 

in the low dose regions  to repair the tissue 
regions

Anti tumor immunity

Sparing of healthy tissues



Principal investigators:
Francesco Romano (Catania)
Fabio Di Martino (Pisa)

CT: 11
LNS: 6
PI: 21
RM1: 14
TIFPA: 10
TO 10

> 70 researchers

KoM – March 
2024, Pisa

(> 40 in person)

2nd GM – Dec 
2024, Pisa

(> 50 in person)

2024 20262025 7

WP1 Beam 
delivery

WP2 Dosimetry

WP3 Radiobiology 
& Modelling

WP4 Planning

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, 
particle types…



Principal investigators:
Fabio Di Martino (Pisa)
Francesco Romano (Catania)

Involved facilities in the project:

• Higher energy (up to 18 MeV) research 
electron LINAC at INFN-TO (Turin)

• Clinical electron LINAC (up to 18 MeV) in 
Catania

• Low energy and UHDR research 
electronFLASH LINAC at CPFR (Pisa)

• High energy (up 228 MeV) clinical proton
beams (IBA cyclotron) at the Trento 
Protontherapy Centre (Trento)



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

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

Electron minibeam production @ CPFR

• Normalization to 
average dose

• Same DPP and 
average dose rate 

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

Minibeam parameters @CPFR

Peak

Average
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Proton minibeam production @ Trento
Investigation of passive proton minibeam production

70 MeV p 
beam

Scattering 
foils Collimator

Water
phantom

Parameters
- 70 MeV p

• Measurements of the transversal and 
longitudinal dose profiles with Radiochromic
(EBT) films

• Full Monte Carlo TOPAS simulations of the 
TIFPA beamline+ minibeam collimator

Tungsten Pisa collimator

Low particle flux after the tungsten template  
Investigating the possibility to use the active scanning (in 
collaboration with the Aarhus group) to improve the beam flux 
and dose rate of the minibeam

Minibeam zone 

Courtesy of E. Scifoni, F. Tommasino
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Accurate dosimetry for particle minibeam (WP2)

o Micro-Silicon Carbide detectors of small size (20-100 um) for 
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

DEVELOPMENT OF ACTIVE DETECTORS
FOR MINIBEAM DOSE DISTRIBUTION MEASUREMENTS

PVDR, Dose Peak, Dose Valley, 
transversal dose distributions
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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
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Silicon carbide (SiC) detectors

Developed for UHDR beams → suitable for UHDR minibeams 

✓ Possibility to produce different SiC size

LARGE AREA SiC DETECORS: 
AVERAGE DOSE

MICRO SiC ARRAY: 
TRANSVESAL DOSE DISTRIBUTION

1 x 1 cm2

2 mm
c-t-c 3 mm

1x17 mm

DPP_open
[Gy]

DPP_average SiC
[Gy]

DPP_average SiC
/DPP_open %

0.68 0.21 30.8

1.27 0.4 31.4

In agreement with 
RCF and MC (31%)

1 cm

✓ First prototype realized
Sensor size: 60x60x10 um
Pitch: 100 um 
N detectors=100
Dose distribution measurements
Microdosimetric spectra

Experiment performed with UHDR e- beams



Other synergic projects with MIRO
“PRIN” funded project on combination of minibeam and FLASH effects 
(→ post-doc position available!) Uni Pisa and CNR

INFN Catania

Total budget 
→ 270 k€

Pisa (UNIPI and CNR) and Catania (INFN-Catania) groups involved
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Worst case scenario with scattering foils+beam stopper:
1. Decreasing of 2 orders of magnitudes in beam 

current: 
500 uA (1.5 10 6 Gy/s)→ 5 uA (1.5 104 Gy/s)

• 30-70 MeV proton beams
• Beam current: 30 mA-500 uA
• Gaussian beam (sigma 3-5 mm) at the exit of the 

cyclotron

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

2. Passive tungsten minibeam collimator

MINIBEAM PRODUCTION

1x1 cm2 1x1 cm2

2. Geant4 simulation for particle transmission through 
the minibeam collimators

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

15% flux transmission in terms of average dose and 
dose rate

5 uA (1.5 104 Gy/s) → 2 103 Gy/s

Proton minibeams @ LNL 

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

UHDR proton 
minibeams

70 MeV p
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Proposal
✓Possibility to produce proton minibeams trough the passive collimation at high dose rate 

(> KGy/s) compatible with the combination of FLASH and minibeam radiotherapy

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

✓Dosimetric characterization using: 
✓Radiochromic films: try different models 
✓ SiC detector micro arrays or single detector for dose distribution measurement at high 

spatial distribution and microdosimetric spectra evaluation at the peaks and valleys
✓ Large area SiC detector for average dose and dose rate measurements

✓Radiobiological experiments within the MIRO project
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Thank you for your attention

INFN CT research group
S. Ahmad, G. Arcidiacono, E. Corvaia, C. Okpuwe, P. Stochino, G. Trovato, F. Romano
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