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Shaping the future of radiation oncology
with CLEAR
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Radiotherapy

Systemic

treatments

» 50% of cancer patients are treated with RT
» 1/5 person will be treated with RT in a life-time



First radiotherapy: July 1896 by Victor Despeignes

Enhanced precision
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Modalities of delivery are moving to hypo-fractionation

Radiotherapy technology has not really evolved in 50 years



Most Cancers are not cured

Local relapse
Metastasis
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FLASH irradiation spares healthy tissue

o Des -flashs- de radiothérapie pour réduire les effets
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Ultrahigh dose-rate FLASH irradiation increases

the differential response between normal
and tumor tissue in mice
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=3 RADIOTHERAPY
FLASHing tumours

A new study in mice suggests that radiation delivered in short
pulses at ultrahigh dose rates (FLASH) is as effective against
lung tumours as conventional protracted single lower dose
rates and has fewer side effects. Using both orthotopic lung
tumours in immunocompetent mice and human lung tumour
xenografts in nude mice, Favaudon et al. showed that FLASH
irradiation caused less lung fibrogenesis and less apoptosis

in normal tissue than conventional radiation. Although this
technique was only tested in one tumour type, it suggests that
delivery methods are crucial to minimizing radiation treatment
side effects, and it has implications for therapeutic protocols.
ORIGINAL RESEARCH PAPER Favaudon, V. et al. Ultrahigh dose-rate FLASH irradiation
i g i i tumor tissue in mice. Sci. Trans!

Med. 8, 245r303 (2014)
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FLASH radiotherapy
Irradiation at ultra high dose rate

Very fast delivery of the dose

Shift from minute of exposure to milli- and even
micro-second



Balistic advantage of FLASH-RT

Freeze motion

adiobiological advantage of FLASH-RT
THE FLASH EFFECT P Montay-Gruel

High dose-per-pulse electron beam dosimetry: Commissioning of the
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THE FLASH EFFECT is o

All Irradiations that are Ultra-High Dose Rate may not be FLASH: The

Critical Importance of Beam Parameter Characterization and_In Vivo
Validation of the FLASH Effect
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Normal tissue sparing And FLASH-RT is equally able to eradicate

FLASH-RT does not induce Normal tissue toxicity i
When CONV-RT does tumors compared to CONV-RT
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Flash Therapy

A Potential Paradigm Shift
in Cancer Treatment

Flash Irradiation Delivered in a

Clinical Treatment Room

Successful Flash Irradiation at Isocenter in
IBA’'s Proteus® Solution Gantry Room

VARIAN LUNCH SYMPOSIUM
Sunday, April 28, 2019
Room: Space 3&4 | 1315- 1415 h

What We Know Today About Flash Therapy
Dr. Patrick Kupelian
Varion Medical Systems, Polo Alto, USA
Results From the First Proton Flash Pre-Clinical Studies
Dr. Dea Kh
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Radiotherapy and Oncology
J Bourhis

journal homepage: www.thegreenjournal.com

Varian and the Cincinnati Children's/UC

Original Article Health Proton Therapy Center Announce
Treatment of a first patient with FLASH-radiotherapy Initial Patient Treated in the FAST-01 First
Frtdent Diclos-, David Poim - Mahmat Gaahin® prancers Dochud . Joanpranols Cermondee Human Clinical Trial of FLASH Therapy for

Raphaél Moeckli !, Marie-Catherine Vozenin *®"

2 Department of Radiation Oncology, Lausanne University Hospital and University of Lausanne; ® Radiation Oncology Laboratory, Depariment of Radiation Oncology. Lausanne Can C er
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November 19, 2020

PALO ALTO, Calif., and CINCINNATI, Ohio, Nov. 19, 2020 /PRNewswire/ --
Varian (NYSE: VAR) and the Cincinnati Children's/UC Health Proton Therapy
Center today announce the start of the first clinical trial of FLASH therapy as part
of the recently opened FAST-01 study (FeAsibility Study of FLASH Radiotherapy
for the Treatment of Symptomatic Bone Metastases). The clinical trial involves

the investigational use of Varian's ProBeam® particle accelerator modified to
enable radiation therapy delivery at ultra-high dose rates (dose delivered in less
than 1 second) and is being conducted at the Cincinnati Children's/UC Health
Proton Therapy Center with John C. Breneman M.D., Medical Director of the
center, serving as principal investigator.

The first clinical trial patient was treated this week. The FAST-01 study is expected
to enroll up to 10 patients with bone metastases to evaluate clinical workflow
feasibility, treatment-related side effects, and efficacy of treatment as assessed by
measuring pain relief of trial participants. The clinical trial, informed by years of
preclinical work, was designed by experts at Varian and multiple centers in the
FlashForward™ Consortium, including Cincinnati's Children's/UC Health Proton
Therapy Center and the New York Proton Center.
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Figure 1

Conditions to obtain or miss the FLASH effect
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Technology

Structure d’un faisceau RX synchrotron

Structure pulsée d’un faisceau électron Structure d’un faisceau proton
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s 1 pulse s 1 pulse =1 stripe
+* Microstructure: 107 bunches +* Microstructure: 107 bunches
s Stripe scanning (60mm/s)

s 1-10 pulses
** Microstructure: 5000 bunches
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Time does matter

The shorter the better



What CLEAR has

It can shorten the time of exposure like no other beam



Time structure of CLEAR

Distance between pulses, minimum 100 ms (10 Hz operation)
(typical now ~ 1 Hz, possibly upgradable to 50 Hz

Pulse (or train)
From one to 150 bunches
About 100 ns

Q.GG ns

| O ) .

*

Bunch
rms duration from 0.2to 10 ps

Focusing and scanning
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Medical applications

Accelerators
Models
Radio-Chemistry
Radio-Biology
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