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Cosa sappiamo sull’effetto Flash

Perché sappiamo così poco

Cosa sarebbe fondamentale sapere per la sua ottimale e completa
implementazione clinica

 Come si possono ottenere le risposte cercate e cosa può fare in questo  
senso il CPFR



Quello (poco) che sappiamo, che l’effetto è innescato da dose-rate > 40-100
Gy/s, T < 100-200 ms, D > 5-10 ??? è la causa delle difficoltà avute fino ad ora
per conoscere meglio l’effetto perché è alla base di problemi:

Tecnologici

Dosimetrici

Radiobiologici

Clinici



Problemi tecnologici

Difficoltà a produrre altissimi valori di dose-per-pulse in modo 
uniforme, stabile e riproducibile su volumi sufficientemente ampi 

Difficoltà a monitorare l’erogazione del fascio

Difficoltà a sviluppare i sistemi di sicurezza necessari all’impiego clinico



NIST Website
https://physics.nist.gov/PhysRefData/Star/Text/ESTAR.html

19 %

38 %

Electrons vs X-ray

https://physics.nist.gov/cgi-bin/Star/e_table.pl
https://physics.nist.gov/PhysRefData/Star/Text/ESTAR.html


Electron vs X-ray



A lot of research is ongoing on protons, but:

Electrons are easier to accelerate !

Definitely cheaper, both technology and installation

Electrons can provide higher dose rates

The experimental evidence was obtained using electron beams

The collimation of the beam requires not negligible mechanical 
times 

Electrons vs Protons

….. Nevertheless the dosimetric characterization of the electron beams may be the most challenging!!!
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Ultra-High Dose 
Rate Linear 
Accelerator: 
KINETRON

(1987 -🛠🛠🛠🛠)
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Possibilità di variare i parametri del fascio in modo continuo e riproducibile
su ampi volumi ed entro un ampio range

Possibilità di irradiare in condizioni CONV e FLASH non variando il setup
sperimentale

Possibilità di variare I parametri di interesse in modo indipendente

 Possibilità di avere un sistema di monitoraggio della fluenza e dell’energia
del fascio affidabile

Caratteristiche ottimali che deve avere 
un Linac Flash per gli esperimenti



Temporal structure of the beam 



TEMPORAL BEAM STRUCTURE

(      
)
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Temporal beam structure
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4 μs

The time scale of ionization chambers is given by (ion)
charge collection time. It varies in the range ~ 4 μs (IBA PPC
05, 300 V) up to ~ 60 μs (PTW Roos, 200 V).

Hence, for electron beams, there is no correlation between two consecutive pulses and DPP is the relevant parameter

Charge collection time  <<  tr
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DO CURRENT MODELS PROPERLY DESCRIBES FLASH ELECTRONS DOSIMETRY ?
NO
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…





Theory and development of a flash gas chamber 

Prototype



Radiobiolgy: the times of the various phases 
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Radiobiolgy: the Hypotesis

•Lower production of H2O2/contribution of O2
(Montay-Gruel et al, PNAS, 2019; Adrian et al, BJR, 2019)

•Lower level of persistent DNA damages and senescent cells 
(Fouillade et al, CCR, 2019) 

•Metabolism including redox 
(Spitz et al, RO, 2019)

• Inflammation/Immune system (the most popular in recent RVs)

(Favaudon et al, STM 2014; Montay-Gruel et al, PNAS, 2019 )

•Signaling pathways / Stem cells protection
(Montay-Gruel et al, RO, 2017)



Cosa non sappiamo e sarebbe fondamentale 
sapere?

I meccanismi radiobiologici alla base dell’effetto

La dipendenza quantitativa dell’effetto da parametri del fascio determinanti
nell’innescarlo quali la dose, il dose-rate, il dose-per-pulse, l’instantaneous 
dose-per-pulse, la durata del trattamento…

La dipendenza quantitativa dell’effetto dal tipo di tessuto irradiato e dalla
geometria di irraggiamento 



Cosa fare per arrivare alla Flash Radiotherapy 

Esperimenti radiobiologici quantitativi e studi teorici computazionali

Realizzazione di Linac clinici

Realizzazione di studi pre-clinici, protocolli dosimetrici e planning



E inoltre per poter trattare target profondi 
(VHEE)

Radiobiologia campi adiacenti se si vuole erogare il fascio in modalità 
pencil beam

Studi quantitativi dell’effetto volume

Dipendenza dalla dose per capire se e come frazionare e se e come
utilizzare campi multipli per conformare la dose



CPFR: the dedicated Linac (Electronflash)

The ElectronFlash linear accelerator works in electron mode only.
The device has two different nominal electron energies: 

5 MeV and 7 MeV
7 MeV and 9 MeV
10 MeV and 12 MeV

Adjustable radiation field between Ø12 cm and Ø 1cm, both circular and squircle  
Dose rate range adjustable between 0.1 – 1500 Gy/s with reference field Ø10 cm 
Dose per pulse up to 20 Gy/pulse and Dose rate up to 5000 Gy/s with Ø 4 cm
Dose per pulse up to 40 Gy/pulse and Dose rate up to 10000 Gy/s with Ø 1 cm
Real-time control of both beam energy and output
Compliant with EN 60601-2-1















CPFR: the research

Radiobiology

In vitro experiments (organoids…)

In vivo experiments (serial and parallel organ at risk…)

Theoretical models (Monte Carlo code EGS4-DNA…) 

Dosimetry
Study of the saturation effects of "old dosimeters" (theory of ionization
chamber recombination…)

Development of new dosimeters (scintillators, cerenkov…) 

Technology

Development and optimization of the production and the monitoring 
Of the beam 

Development and optimization of the beam collimation system 

Pre-Clinical Trials
Selection of organs and patients, interactions with other therapeutic
approaches…???
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FLASH effect: from experimental evidences to clinical practice

Experimental evidence (state of the art)

Radiotherapy FLASH in the clinical practice (final goal!)

Necessary for 
its realization

Foundamental for
its optimization

Understanding of the radiobiological 
mechanisms underlying the effect 

knowledge of the quantitative
relationship both between the effect 
and the parameters of the beam
(dose-rate, dose-per-pulse, LET…)
and with the characteristics of the
irradiated tissue (type, volume…)

Develop a clinical Flash LINAC

Develop clinical dosimetric protocols

Preclinical studies 

Develop clinical 
Treatment Planning System

DOSIMETRY



ELECTRONFLASH

Radiobiology laboratory

AOUP

Quantitative 
radiobiological 
experiments in
vivo/vitro

Dosimetric 
studies

Preclinical 
studies

Clinical trials (dermatological cancers) 

understand the 
radiobiological
mechanisms and
its quantitative 
dependencies 

implement 
clinical dosimetric
protocols 

obtain the necessary
authorizations for 
human treatment 

Prof F Paiar (UNIPI)
Radiaton Oncologist 

Clinical implications / Radiobiology 

Dr F Di Martino (AOUP)
Medical Physicist

Dosimetry/LinacManagement/Planning/
Radiobiology

Dr M Costa (CNR)
Biologist 

Preparation and analysis of biological models 
Prof F Cella Zanacchi (UNIPI) 

Biophysicist
Analysis of irradiated biological material 

Prof G Bisogni (UNIPI/INFN)
Medical Physicist

Dosimetry/Planning

Dr V Tozzini (CNR)
Modeling and computer simulations

of radiation effects







ELECTRONFLASH 4000
- 5 & 7 MeV electrons
- Adjustable 4*4 – 10*10 cm2 @ SSD 100 cm
- Adjustable reference dose rate 0.1 – 1000 Gy/s; max 4000 Gy/1
- Real-time control of energy & output

The Hope!
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