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Preclinical results

Flash radiotherapy

Electrons
4.5-5.5 MeV

Soft X-rays Carbon ions
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FLASH effect in mouse models
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Chabi et al. study show Rr to FLASH
Not properly powered to show isoefficacy



How can we use FLASH safely in the clinic?

Fully control the required
physics parameters

Accelerator

developments

Clinical
applications

Fully control the required

of FLASH ..
conditions

Understand how Normal
tissues are protected and
Tumors destroyed?

Mechanistic Pre-clinical

studies studies
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Less ROS due to Radiolytic 02 depletion?
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NO, Measurements do not support any radiolytic oxygen depletion
at therapeutic doses (10 Gy) delivered FLASH
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FLASH-RT Results in Insignificant 0, Depletion

Does FLASH deplete oxygen? Experimental evaluation for photons, protons,
and carbon ions
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02 depletion
NO

But oxygen status does matter
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Normal tissue toxicity cascade?

DNA damage

A

Cell death

Less apoptosis and senescence

N

Vascular damage

Preservation endothelial cells and
vascular integrity

™~

Inflammatory response

> Less expression of pro-inflamatory molecules
Less activation of innate immune cells

1

> » Organ function alteration <

Stem Cells and Progenitors depletion

Better pool preservation and proliferation

Function preservation
Pierre Montay-Gruel, PhD



Less inflammation Preservation of organ function
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Better anti-tumor immunity?
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Iturri et al., JROBP, 2023, doi: 10.1016/j.ijrobp.2022.12.018.
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Almeida et al, JROBP, 2024, doi:
10.1016/j.ijrobp.2023.10.031
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Take-home messages:

Normal tissue reponse is dose rate dependent but tumor killing is dose rate independent

Radiolytic O2 depletion cannot explain the FLASH effect

At least we can exclude some mechanisms

A common mechanlsm |n normal tlssue and tumors?
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What needs to be explored

Differential effect betwen normal tissue and tumor => fundamental
difference between normal and tumor tissue

* Metabolism
* Cell signaling
New hypothesis:
Contribution of proteostasis
Biophysical properties of Normal tissues vs tumors (stiffness)



FLASH-RT in the clinic
Current status
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ARTICLE INFO ABSTRACT

Artide history: A patient with a cutaneous lymphoma was treated on the same day for 2 distinct tumors using a 15 Gy
Received 4 October 2021 single electron dose given in a dose rate of 0.08 Gy/second versus 166 Gyfsecond. Comparing the two
Recewe«:l ';‘9“[’)"‘“"1 L"erm'; ‘;; December 2021 treatments, there was no difference for acute reactions, late effects at 2 years and tumor control.
Accepte; ecemtber 2021 © 2022 The Authors. Published by Elsevier B.V. Radiotherapy and Oncology 174 (2022) 87-91 This is an
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JAMA Oncology | Original Investigation

Proton FLASH Radiotherapy for the Treatment
of Symptomatic Bone Metastases
The FAST-O1 Nonrandomized Trial

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 I, MD; John P. Perentesis, MD; John C. Breneman, MD

IMPORTANCE To our knowledge, there have been no clinical trials of ultra-high-dose-rate
radiotherapy delivered at more than 40 Gy/sec, known as FLASH therapy, nor first-in-human
use of proton FLASH.

OBJECTIVES To assess the clinical workflow feasibility and treatment-related toxic effects of
FLASH and pain relief at the treatment sites.

CONCLUSIONS AND RELEVANCE In this nonrandomized trial, clinical workflow metrics,
treatment efficacy, and safety data demonstrated that ultra-high-dose-rate proton FLASH
radiotherapy was clinically feasible. The treatment efficacy and the profile of adverse events
were comparable with those of standard-of-care radiotherapy. These findings support the
further exploration of FLASH radiotherapy in patients with cancer.
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high dose

30 Gy 30-42 Gy
eFLASH: 1500 Gy/s
10x4.8 Gy
eConventional: 0.1 Gy/s

3/7 FLASH treated cats eFLASH: 115 Gy/s

4/7 FLASH treated dogs

PreFLASH 6 months 12 months

FIGURE 2

Dog no 5's treatment response and toxicity, pictures and CT. Pictures of dog no 5 from pre-FLASH radiotherapy treatment to 12 months post treatment,
incl. CT before/after treatment. This dog experienced a complete response and ORN. (A) Malignant melanoma at pretreatment. (B) Delineation of the
treatment field by mucosal depigmentation. (C) Grade 3 mucosal defect at 3 months post treatment which subsequently progressed. (D) ORN and
oronasal fistula. (E) Decreased density of the palatine bone at pre-treatment at site of later oronasal fistula development. (F) Complete defect in palatine
bone at 6 months post treatment




FEATHER: Phase 2/3 trial on feline oral

sguamous cell carcinoma

2 proton arms with comparable BED (for CONV)
« Arm 1: 3x11Gy CONV
« Arm 2: 3x11Gy FLASH

Transmission beams (RBE =1)
« Avoid energy-switching deadtime
 Avoid range and LET uncertainties

« Smaller beams = higher dose rate

Primary endpoint: acute toxicity

Secondary endpoint: anti-tumor efficacy

/\ Universitit

LT

10x4.8 Gy = 48Gy

BED [Gy] EQD2 [Gy)
a/f=2 163.2 81.6
a/f=3 124.8 74.9
a/p =10 71.0 59.2
3x11 Gy = 33Gy
| BED [Gy] EQD2 [Gy)
a/f=2 214.5 107.3
a/f=3 154.0 92.4
a/p =10 69.3 57.8

Hépitaux
Universitaires

KFS 5639-08-2022, PI: C. Rohrer Bley, UZH
S. Psoroulas, UZH / DC Weber, PSI / MCVozenin, HUG

S. Psoroulas | New beams: FLASH 07.11.2024




How use FLASH-RT in the clinic?
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Navigating the Critical Translational n
Questions for Implementing FLASH in the |
Clinic

Billy W. Loo,Jr* loannis |. Verginadis, Brita Singers Sarensen,’ Anthony E. Mascia,'

John P. Perentesis," Albert C. Koong,"I Emil Schﬂjgr,_# Erinn B. Rankin,* ™* Peter G. Maxim,’
Charles L. Limoli,'" and Marie-Catherine Vozenin*#!!

Critical translational questions for implementing FLASH in the clinic

Question 1: FLASH effect robust and reproducible? Question 2: FLASH effect maintained with
Replicated between  Equal tumor Generahzable" fractionation?
lnsututmns? eradlcanon"
s/ YES \/ YES
Question 3: FLASH effect maintained in combined Question 4: Highly conformal delivery compatible with
modality therapy? the FLASH effect?

£+
&

%

Question 5: With available preclinical data, are we ready for therapeutic clinical trials of FLASH?

S
H « YES
jLt




Pre-clinical research dedicated to answer clinical questions

How use FLASH-RT in the clinic?

Technology and parameters
Impact of the volume/conformality



Have we really defined the optimal beam parameters?

In rodent, probably yes



Standard RT: Dose is delivered in several minutes

With FLASH, dose is delivered in milliseconds

In micro-seconds SPES cyclotron can contribute to
define better the FLASH parameters

Intense 30 a 70 MeV proton beam: nanoAmps to 700 microAmps

Even in nano-seconds The beam can be pulsed-
pulses width = microseconds- 100 Hz
Frequency = milliseseconds- 100 Hz

Beam size: 9 mm total
10=3mm
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SPES cyclotron can contribute to
* Test of new detectors
 Understand better the mechanisms-
Radiation chemistry
Biology of normal tissue
Biology of tumors
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