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Sub-Projects 5 FLASH Radiotherapy – from preclinical to clinical

To acquire preclinical data in vivo 

and to adapt the ElectronFlash LINAC 

for the clinical use to further 

explore the potential of EF, in a 

feasibility and safety study of FLASH-

RT in patients with skin cancer and to 

investigate the combination of Flash-

RT with

chemotherapy, targeted therapy and in 

pre-clinical tests.

Spoke 1 - Advanced radiotherapies and diagnostics in oncology
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● The Flash effect exists

● It has been observed for different  kind of 
normal tissues (lungs, skin, brain ...) and 
tumor (breast,H&N,glioma,lung,GI) and 
has been confirmed in several animal 
species (mice, cats, zebrafish ...)

● Using mainly electron beams : electrons of 
energy 4-7 MeV

● Irradiation parameters:

• Dose per fraction > 7-8 Gy (in vivo)
• Average Dose rate (D/T) > 40  Gy/s
• Dose-per-pulse (Dp) > 1 Gy
• Instantaneous-Dose-per-pulse > 106 Gy/s
• Total irradiation time < 100-200 ms

Preclinical Evidence
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But…

First patient
Cats clinical trial

canine oral

cancer

patients
Human Symptomatic Bone Metastases

patients

STUDY RADIATION

FLASH Radiotherapy for the Treatment of 

Symptomatic Bone Metastases in the Thorax 

(FAST-02)

Proton

Irradiation of Melanoma in a Pulse (IMPulse) Electron

FLASH Radiotherapy for Skin Cancer (LANCE) Electron

eFLASH for Skin Lesions of Malignant 

Melanomas (Flash-Skin I)

Electron
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The challenges of clinical traslation of FLASH-RT
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Triode-Gun- based
EF  LINAC

Flash  RadioBio Lab

Imaging Core-facilities
for in vitro and in vivo exps

Pisa University Green 
Data Center

FAIR Data:  storage & managment
 Numerical Codes: shared -repository
High Performance Computing

https://www.frontiersin.org/jo

urnals/physics/articles/10.338

9/fphy.2023.1268310/full

Multidisciplinary and 
Interdisciplinary Team

(7 - 9 MeV) 
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To understand the 
mechanism underlying
the Flash effect

To quantitatively 
assess the relationship 
between beam 
parameters and Flash 
effect

BASIC 
RESEARCH 

GOALS Pre-clinical in vivo 
studies

Development of a 
clinical dosimetric
protocol

Development  of a 
Planning RBE-based

Dosimeter for UHDP 
beams

CLINICAL 
GOALS

 To acquire propedeutic data  
for the future development
and clinical implementation of  
VHEE flash RT 

(Volume Effect Adjacent fields Daley Time)

To optimize the clinical
implementation of the 
Flash RT with low energy
electrons.

Challenges
and Research Needs

Clinical trials

Low energy electron Flash-RT

Low energy electron IORT
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Ministry of Health And  

Ethical Committee Approval

Starting

Flash-Clinical Trial

EF Upgrade and 

Adaptation for 

Clinical Needs

CHALLENGES
Clinical Trial Design and

Patient selection
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La radioterapia FLASH - que física requiere el nuevo 
paradigma

CURSO BTE-IORT SEFM 2021

Linacs for Flash Research

ELECTRONFLASH, SITORIATRON, PMB
MODIFIED 

MOBETRON, 

INTRAOP
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Using different diameter applicators, fixed e-
accelereted current, change :
● dose per pulse 
● the average dose rate 
● Instantaneous dose per pulse

Different applicators, have different length and 
therefore introduce problems of setting and 
patient management (risk of collisions)

Electron-Flash Upgrade and Adaptation for Clinical Trial

Technical Problems & Solutions 
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ElectronFlash Upgrade
for Clinical Trial Dose 

Delivery
Requirements

● Optimize spatial dose distribution
● Easy to attach and detach
● Keep inalterated the key beam 

parameters (within acceptable 
variability < 3%)

Solutions

● High-Z material (Tungsten)
● Two orthogonal banks, each consisting of two 

independent leaves (40 × 80 × 3 mm³)
● Mountable on a 7 cm diameter applicator
● Capable of conforming to millimetric 

rectangular shapes and rotating around the 
beam axis

● Maintains key beam parameters (energy, DP, 
ADR) almost unchanged



THE TUSCANY HEALTH ECOSYSTEM 12

Patients set up

● Development of a dedicated robotic 
chair, guided by a pointing system

● Homemade solution using a patient
Height-adjustable and tiltable treatment
couch requiring a customized set up for 
each tumor sites
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TPS
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● - Detectors developed directly at 
our center (ALLS ionization 
chamber and scintillator systems)

● detectors provided through 
collaborations, (calorimetry, 
FlashDiamond, alanine and SIC 
detectors)

We have achieved accurate dose 

measurement using:
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CE Certification Under Medical 

Device Regulation (EU MDR 2017/745)

• The clinical trial authorization process incorporates

the utilization of a CE-marked research device

(ElectronFlash), classified as a non-invasive Class II

medical device, in accordance with the MDR 2017/745.

The safety and essential performance of the device,

particularly in terms of beam monitoring and the human-

machine interface, will be rigorously evaluated and

validated following the guidelines outlined in

Radiation Protection 99 – Guidance on Medical Exposures

in Medical and Biomedical Research and the

recommendations of ICRP 62.

• The approval process is currently underway with the

Italian Ministry and the relevant local ethical

committee.
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Highly restricted patients
population

Minimal variables to control

Simple and measurable endpoints

FLASH is not universally applicable yet

Early trials will define credibility 
of the field

Goal: maximize safety, reproducibility, 
scientific robustness

Key Principles for Early FLASH-RT 
Clinical Translation

Design Implications

Caution…          early trials will define the credibility of the entire field
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● A Type of cancer treatable with low energy electron beams

● A very common cancer, to allow easy collection of a 
statistically significant study sample

● A type of tumor in which radiotherapy plays a significant 
role and FLASH-RT could have a clinical impact.

Why NMSC Tumors? 
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T1 Only

Why only T1 tumors? 
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ULISSE TRIAL
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Study Design

Primary Endpoint:

● Skin toxicity up to 
6 months after 
radiotherapy

● Hierarchically tested 
efficacy measured by 
local control rate

22 Gy at 90% 
isodose line
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Study Design
Advanced Imaging Techniques for In Vivo Data Collection

● Biopsy
● UHFUS
● LC-OCT

Ultra High-Frequency
Ultrasound

LC-OCT
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Highlights
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Skin offers a clear and controlled model to evaluate 
and compare the effects of FLASH radiotherapy with 
conventional techniques. Moreover, it allows us to 
control and measure oxygenation — and oxygen is 
known to play a key role in the FLASH effect

SCC and BCC lesions are generally well-defined, making
them optimal candidates for precise, high-dose irradiation

FLASH radiotherapy improves patient comfort by:
shortening treatment time
lowering the risk of injury to surrounding healthy tissues

Concern: Elderly patients may show reduced FLASH benefit and 
slower healing

Healthy skin remains an important organ at risk when 
treating deep-seated tumors with VHEE

In conclusion
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Roadmap Of 

Electron-Based Flash-Rt

IOeRT FLASH

Dedicated FLASH-RT 
Research Linacs

VHEE
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FLASH Radiotherapy: From Surface Validation

to Deep-Tumor Implementation

Low-Energy Electron FLASH (7–9
MeV)

• Clinical validation platform
• Dosimetry & beam monitoring 

standardization
• Safety and toxicity 
assessment
• Workflow and reproducibility 
testing
• Foundational radiobiological 

evidence

Very High Energy Electrons (100–
250 MeV)

• Treatment of deep-seated 
tumors
• Large-volume conformal 
irradiation
• Necessary for full clinical 
dissemination
• Ultimate goal of FLASH 
development

Low-energy electron FLASH provides the essential scientific and clinical framework.
VHEE represents the technological evolution required to extend FLASH radiotherapy to all tumor sites, including 

deep-seated malignancies.


