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Spoke 1 - Advanced radiotherapies and diagnostics in oncology
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.
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Preclinical Evidence

L Evaton ot 2. 20141 (alectronc e The Flash effect exists
P R ... T, o ;gorafay—Srrioe;31l.‘ 201t7] (e]lectrons]
[Shukia et al. ] (protons . o
Lung [Dai et al. 2023] (X rays) e It has been observed for different kind of
[Montay-Gruel et al. 2017, 2018, 2019, 2020] (electrons, X rays) normal tissues |un S, Skin’ brain . and
% 4 :Sxmmons DA et al. 2019] (electrons) A
= e o | liataniet s 2072 tlecton tumor (breast,H&N,glioma,lung,Gl) and
Brain Iaen st ot 223 I elacirons has been confirmed in several animal
o species (mice, cats, zebrafish ...)
[Velalopoulou et a. 2021] (protons)
&y . T ing mainly electron beams : el f
Yy =" reb e e Using m4a|7n IY/I e \;ectron eams : electrons o
: ‘1 __________ ' ___ i _____ 2 ;Vozenin et al. 2019 -:electrpnsil ener - e
FLASH effect _J Sin-Bone | Kowadsson et a. 2021 lectrons] =Y
; ourhis et al. ] (electrons) 1 1 .
Plaeef o 5'}'255;1?7'%3“)‘ e Irradiation parameters:
| [Mascia et al. protons)
hang et l. 2023 electrons) e Dose per fraction > 7-8 Gy (in vivo)
. 2 A essssdssssssasenes -. Ruan et al. 2021] (protons)
Intgshne {Diﬁenderferetal.gOZO]»(;)Jrotons} PY Average Dose rate (D/T) > 40 Gy/s
am [Qhabi et al. 202 1] (electrons)
A % { ot * Dose-per-pulse (Dp) > 1 Gy
Galts et al. 2024] (protons)
Blocd i e Instantaneous-Dose-per-pulse > 106 Gy/s
/:‘\ % [Vozenin et al. 2019] (electrons) . . . .
() - PR it i e Total irradiation time < 100-200 ms
i 3 [Pawelke et al. 2021] (electrons)

Em b ryo

THE TUSCANY HEALTH ECOSYSTEM



Finanziato
dall’Unione europea
NextGenerationEU

Ministero . . . *
dell'Universita ltaliadomani SO < Toscany Health Ecosystem
4ANX

2> @ della Ricerca PIANG NAZIO

ZIONALE
DIRIPRESA E RESILIENZA

Evaluation of single-fraction
. high dose FLASH radiotherapy
Proton FLASH Radiotherapy for the Treatment in a cohort of canine oral

l of Symptomatic Bone Metastases cancer patients

B l I cee The FAST— 01 Nonrandomized Trial Betina Borresen™, Maja L 1Arendt:‘, Elise Kf)nradsson",
Kristine Bastholm Jensen®, Sven AJ. Back®, Per Munck af

Rosenschéld®, Crister Ceberg? and Kristoffer Petersson**

JAMA Oncology | Original Investigation

Anthony E. Mascia, PhD; Emily C. Daugherty, MD; Yongbin Zhang, MS; Eunsin Lee, PhD; Zhiyan Xiao, PhD;
Mathieu Sertorio, PhD; Jennifer Woo, BSc; Lori R. Backus, BA; Julie M. McDonald, CCRP; Claire McCann, PhD;

Kenneth Russell, MD; Lisa Levine, PhD; Ricky A. Sharma, MD, PhD; Dee Khuntia, MD; Jeffrey D. Bradley, MD;
Charles B. Simone Il, MD; John P. Perentesis, MD; John C. Breneman, MD
Human Symptomatic Bone Metastases
patients I
O__-_____--_-_-_l--_----------_-I--IlIlII

\2024

canine oral
cancer
patients

1980

Contents lists available at ScienceDirect

i I‘“i". \

FLASH Radiotherapy for the Treatment of Proton
q q Radiotherapy and Oncology
Symptomatic Bone Metastases in the Thorax
journal homepage: www.thegreenjournal.com .
(FAST-02) \t HAL
First in Human “\ open science
. . . Treatment of a first patient with FLASH-radiotherapy
I rr adl a t ion o f Me l anoma 1n a Pu l se ( I MPU l se ) E l ec t ron Jean Bourhis ***, Wendy Jeanneret Sozzi*, Patrik Gongalves Jorge *"“, Olivier Gaide *,
Claude Bailat‘, Fréderic Duclos *, David Patin *, Mahmut Ozsahin*, Francms Bochud,
Jean-Frangois Germond *, Raphaél Moeckli ', Marie-Catherine Vozenin *"' The of Flash ) in
B . +Department of Rodiation Oncology. Lausanne Universicy Hospital and University of Lausanne; " Radiarion Oncolagy Laboratory, Department of Radiation Oncology. Lausamne mini-pig and cat-cancer patients
FLASH Radiotherapy for Skin Cancer (LANCE) Electron Dty ko ey o s, St e
eFLASH for Skin Lesions of Malignant Electron First patient Cat 1ini 1 trial
Melanomas (Flash-Skin I) ats clinica ia
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The challenges of clinical traslation of FLASH-RT

Development of Clinical
Flash linac with Very High
Energy Electrons

(VHEE 100-250 MeV)
Flash Radiobiological TPS

= Technological

Factors influencing Flash

Effeck Average Dose Rate
Dose per Pulse

Instantaneous Dose per Pulse
Total Irradiation Time

@ Quantitative

Radiobiological mechanisms
behind FLASH-Effect

THE TUSCANY HEALTH ECOSYSTEM 3
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Triode-Gun- based
EF LINAC
(7 = 9 MeV)

Consiglio
Nazionale delle
Ricerche

https://www.frontiersin.org/jo
urnals/physics/articles/10.338
9/fphy.2023.1268310/full

Centro Pisano Flash Radiotherapy

Multidisciplinary and

Interdisciplinary Team Flash RadioBio Lab
Radiation
Pharmacologists S 2l Oncologist
. . o Medical
Biochemists ® .
g © Physics Imaging Core-facilities

for in vitro and in vivo exps

Pisa University Green

s Radiobiologists
Data Center

Engineers =

v'FAIR Data: storage & managment
v Numerical Codes: shared -repository
2 V'High Performance Computing

Biologists 4% Biophysicists
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Clinical trials

Low energy electron Flash-RT

BASIC

RESEARCH CLINICAL

GOALS

GOALS

Pre-clinical in vivo

To understand the .
studies

mechanism underlying
the Flash effect Development of a
clinical dosimetric

protocol

Development of a
Planning RBE-based

Dosimeter for UHDP
l beams

e To acquire propedeutic data
for the future development
and clinical implementation of
VHEE flash RT
(Volume Effect Adjacent fields Daley Time)

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

THE TUSCANY HEALTH ECOSYSTEM /
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Q Starting
Q‘@ Flash-Clinical Trial

@ Clinical Trial Design and
/C'}ugco\ Patient selection

CHALLENGES

“B] Ministry of Health And
Ethical Committee Approval

_~1 EF Upgrade and
:.;:'::E Adaptation for
~ Clinical Needs

THE TUSCANY HEALTH ECOSYSTEM 8
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Linacs for Flash Research

Proton Electron Neutron

“T'm positive!” T negative 1 don't give a fuck”
MODIFIED
MOBETRON, ORIATRON, PMB  ELECTRONFLASH, SIT
INTRAOP
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Electron-Flash Upgrade and Adaptation for Clinical Trial

Technical Problems & Solutions

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)

— THE TUSCANY HEALTH ECOSYSTEM 10



ElectronFlash Upgrade
for Clinical Trial Dose
Delivery

EE! Requirements

® Optimize spatial dose distribution

e Easy to attach and detach

e Keep inalterated the key beam
parameters (within acceptable
variability < 3%)

¥
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¢ Solutions
©

High-Z material (Tungsten)

Two orthogonal banks, each consisting of two
independent leaves (40 x 80 x 3 mm?)
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

11
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Patients set up

© Homemade solution using a patient
Height-adjustable and tiltable treatment
couch requiring a customized set up for
each tumor sites

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

THE TUSCANY HEALTH ECOSYSTEM
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Experimental
Thresholds of
Flash sparing
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RBE-weighted
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LIJ <

effects

DVHs

H

Modify DVH
calculation

@@\@

=

IOOT

Q C

O

Beam-Shaper

Energy
Selection
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7-9 MeV
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Dose [Gy]

Modeling
Different Dose

Per Pulse
working points
selection

Accounts for
water-
equivalent
bolus materials

Calculates
FLASH

dosimetric

parameters

Generates
DVHs
for PTV and
OAR coverage
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Contents lists available at ScienceDirect

Physica Medica

D. Del Sarto™®, L. Masturzo® ™, A Cavalieri™®, M. Celentano®~7,

ELSEVIER

T. Fuentes>", G. Gadducci®®, M. Giannini>*, A. Gonnelli®*, journal homepage: www.elsevier com/locate/elmp ;
G. Milluzzo®, F. Paiar®*®, J. H. Pensavalle®?, F. Romano® and F. Di -
Martinc™> We h hieved ted
) € Nnave acnieved accurate aose
A new calculation method for the free electron fraction of an ionization e
.
chamber in the ultra-high-dose-per-pulse regimen measu rement uslng L4
L]
Contents lists available at ScienceDirect Fabio Di Martino ™%, Damiano Del Sarto ”, Salvatore Barone °, Maria Giuseppina Bisogni Brc,d,
Simone Capaccioli "¢ Federica Galante °, Alessia Gasparini “%, Giulia Mariani °,

Luigi Masturzo ©“, Marco Montefiori ““, Matteo Pacitti “, Fabiola Paiar ™"

Jake Harold Pensavalle ©9, Francesco Romano ', Stefano Ursino ™" verdi vanreusel %,
Dirk Verellen 7, Giuseppe Felici

e e - Detectors developed directly at
B our center (ALLS ionization

Physica Medica

ELSEVIER journal homepage: www.elsevier.com/locate/ejmp

=, 1-57127 Pisa. ltaly

A new solution for UHDP and UHDR (Flash) measurements: Theory an -}-}E- “PP[’M mPl RESEARCH ARTICLE MEDICAL PHYSICS
conceptual design of ALLS chamber e SCICHCES Y H H
| | chamber and scintillator systems
Fabio Di Martino ™™ | Damiano Del Sarto ", Maria Giuseppina Bisogni ", : H : : :
Simone Capaccioli ”“, Federica Galante *, AlESSlLﬂ Gasperini "%, Stefm\lin Linsalata *, Article geSIQn’JedaI:zattlon’ anld char?ct(::rll-z:g;n 0; atl;ovel
siulia Mariani %, Matteo Pacitti , Fabiola Paiar ™", Stefano Ursino """, Verdi Vz 1 " Py : . i i
([;;:Lr\llel\:l:;[:?'l-‘, Ic\;/li":::gpl:l(:‘;tild Fabiola Paiar Stefano Ursino Verdi Vanreuse F“St Cha[aCtEI'lZﬁthIl Of NUVE] SlllCOll Cﬂl‘blde DEtECtOI’S WIth d:}asnl'lr::try etector pro otype or radiotherapy
. . .

e R e R Ultra-High Dose Rate Electron Beams for FLASH Radiotherapy detectors provided through
E;E:;"::;:fz;g: Z&?%%’zf‘;g;ﬁﬁi’”"”” -4 FracescoRomano . Giuiana Millzo 1 Fabo i Mating !, Mt Cisina '0ca 50, Glusppe el Marco Marinelli' | Giuseppe Felici’ | Federica Galante? | Alessia Gasparini®* | I I - I -

P.A.. via del Commercio 1A, Aprilia (LT), Ita ”, ~, s A ) PP T e . "
e R OSSO & i i i FdrGalre, s G, Gl M Moo N, Dt %, LG GMIANG® | Sophie Hoic’ | Matio Pait” | Giuseppe Prestoinc’ | collaborations, (calorimetry,
Radiation Oncology Unit, Department of Translational Rescarch, University of Pisa, Pisa, Italy Matteo Pacitti 5{ Farico S rio 1112  Verdi Vanreusel 813 Dirk Verellen " ‘3' Anna Vignati 510

i Vsino G 5 FlashDiamond, alanine and SIC
detectors)

1010 mMmm 2 2Zx2 mm 2

Plastic scintillator dosimeters

o Plastic scintillator (Kuraray)
10 mm length, 1 mm diameter (blue)
2 mm length, 0.5 mm diameter (green)
o Clear optical fiber - 10/25 m long, matching the scintillator diameter
o Optical coupling - Optical glue in carbon tube
o Readout by a CCD camera (image of the fiber output) or by a fast photodiode
(waveform to get EF pulse time structure)

PMMA/PVC block

1
|

imadiated region
AN

-

\[/
scintillator J

optical
fiber

THE TUSCANY HEALTH ECOSYSTEM 14
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CE Certification Under Medical
Device Regulation (EU MDR 2017/745)

* The clinical trial authorization process 1incorporates
the utilization of a CE-marked research device
(ElectronFlash), classified as a non-invasive Class II
medical device, 1n 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 gulidelines outlined in
Radiation Protection 99 - Guidance on Medical Exposures
in Medical and Biomedical Research and the

recommendations of ICRP 62.

The approval process 1s
ITtalian Ministry and
committee.

currently underway with the
the relevant local ethical

l .'. [taliadomani
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e

EU MDR

2017/745

* x X

Ministero della Salute
Dispositivi medici
Home / Argomenti - Inda,

ome / Arg dag

ini cliniche e studi delle prestazioni / Indagini cliniche con dispositivi n¢

Indagini cliniche con dispositivi non marcati
CE

Data di ultimo aggiornamento 7 agosto 2024

Nel Regolamento UE 2017/745 (MDR) sui dispositivi medici un‘indagine clinica & definita

come "qualsiasi indagine sistematica cul portecipano una o pili soggetti umany, voita a valutare la
sicurezza o le prestozioni di un dispositive” (art. 2, punto 45).

Un‘indagine clinica viene promossa da uno sponsor, ossia da un individuo, una societa,
un’istituzione o un‘organizzazione che assume su di sé le responsabilita dell'avvio e della
gestione dell'indagine, curandone il finanziamento (art. 2, punto 49 Regolamento UE
2017/45).

L'autorizzazione del Ministero

THE TUSCANY HEALTH ECOSYSTEM
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Caution... early trials will define the credibility of the entire field

A WA WA WEA WAL WEA WA WAL WAL WA WA WA WA WA WA WA WA WA WS Wa v
ON « CAUTION <« CAUTION < CAUTION < CAUTION <« CAUTION < CAUTION < CAUTION « CAUTION - CAUTION < CAl

Key Principles for Early FLASH-RT
Clinical Translation

o FLASH is not universally applicable yet ‘% Highly restricted patients
population

Early trials will define credibility o

of the field ~~ Minimal variables to control

R

Goal: maximize safety, reproducibility, E% Simple and measurable endpoints
scientific robustness

THE TUSCANY HEALTH ECOSYSTEM -




Why NMSC Tumors?

@)
)

[—]

L1}
1N

Minimal variables to control

=

$.‘@

Simple and measurable endpoints

THE TUSCANY HEALTH ECOSYSTEM
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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.

17
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Why only T1 tumors?
Inclusion Criteria (summary) e Single-fraction treatment
- is feasible
o Signed informed consent . .
+ e s 71 Only * Larger volumes — higher risk
N —— { of late toxicity — require
¢ nistologically confirme aroLLiCHiC fraCtIOnatlon

o+ Not eligible for surgery (location, comorbidites, cosmetic/functional concerns, or refusal)

o FOGPS <3

e Avoid confounding factors:
volume effect
o Prior RT/surgery allowed if > 3 cm from previous treatment field and fractionation

THE TUSCANY HEALTH ECOSYSTEM 18
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SPERIMENTAZIONE CLINICA

UHDR SINGLE FRACTION FOR SQUAMOUS

AND BASAT SKIN CANCER
CHSSETRIAL ULISSE TRIAL
Versione del Protocollo: Versione 1 o
& B Carcinoma Carcinoma
Data: LT spinocellulare basocellulare
b —————
.
Promotore: Azienda Ospedaliero Universitaria Pisana e fj
=
Centro Coordinatore: UQ Radioterapia 1 ',,;3
o m ":'3
-
v ,,'.:
w"..J
Fo
.h':.:
= TRANQUILLO. ? =
CAPITANG! il E-rr =
MA DOVE STIAMO i %
ANDANDO? £ |

)

il e 1 i
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Study Design

ULISSE TRIAL
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—® —
CONV RT
(n = 40)

8 &

NMSC
MDT
. TTNOMO
Evaluation Non-Surgical H@ —
Candidates
UHDP RT
(n =40)

+ 22 Gy at 90%

isodose line

Randomization | Baseline evaluation

CT Simulation | TPS Planning | Treatment | PostRT evaluation

X0 e
*4* Tuscany Health Ecosystem

Skin toxicity up to
6 months after
radiotherapy

Hierarchically tested
efficacy measured by
local control rate

THE TUSCANY HEALTH ECOSYSTEM
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Advanced Imaging Techniques for In Vivo Data Collection

ULISSE TRIAL: screening, surveillance, follow-up

¢ clinical examination
e UHFUS, and e FU according to
s LC-OCT guidelines
¢ UHFUS
//\ e LC-OCT
weeks | Il
Baseline 1 2 4 8 12 24 260
evaluation Skin Skin
| biopsies biopsies
e Skin lesion biopsy
e Optical coherence
tomography (LC-OCT) .
* Ultra-high frequency o BIOpsy
ultrasound (UHFUS)
e Macroscopic clinical ® U H F U S
assessment: measurement
of lesion size ® LC'OCT

THE TUSCANY HEALTH ECOSYSTEM
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H Ig Ig t S Accurate Follow-Up

In vivo clinical and radicbiological
human data on the FLASH effect

\ Only T1/Monofraction

Reduces radiobiclogical variables related
to volume effect and fractionaction

Same Beam Quality
Energy Spectrum
I Ensures uniformity in treatment modalities

comparison, reducing uncertainties in
dosimetry and radiobiclogy

Treatment Planning
System

/ Optimization of dose prescription, Evaluation of dose
distribution, data on dose-response correlation

Dose Shaper

Custom-designed collimation system to optimize radiation
dose delivery keeping the key beam parameters unchanged

22
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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

KEY
POINTS

ULISSE TRIAL

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

23
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10eRT FLASH

<3 <) Fatient
1 1 high-performance L.
CLIC &5 - N

NN

tissue
o > Innovative
l Fuldose e Radiation Therapy
s with Electrons

VHEE
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FLASH Radiotherapy: From Surface Validation
to Deep-Tumor Implementation

//, <\\\ /(;;ry High Energy Electrons (100—<\\\

250 MeV)
e Clinical validation platform . Treatment of deep-seated
e Dosimetry & beam monilitoring FUMOT S
standardization
e Safety and toxicity . Large—yolume conformal
irradiation
assessment .
e Workflow and reproducibility °.Nece$8ary for full clinical
testing dissemination
« Foundational radiobiological * Ultimate goal of FLASH

\\\ evidence j// \\\ development j//

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.
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