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Learning objectives

Become familiar with the research strategies and the preclinical models

Compare tumor response to CONV and FLASH-RT

Identify the clinically relevant issues Identify the relevant biological mechanisms

Identify the needs and limitations



Enhancing the therapeutic ratio: a balance between tumour control and toxicity
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What arethe tools to improve the therapeutic ratio

Biology Technology
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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

! eRT6 Oriatron PBM/Alcen
| Electron beam, 5.5 MeV energy
Pulsed beam




THE FLASH EFFECT is a biological effect

Normal tissue sparing And FLASH-RT is equally able to eradicate

FLASH-RT does not induce Normal tissue toxicity
When CONV-RT does tumors compared to CONV-RT
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FLASH-RT enhances the therapeutic window
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Figure 2. Peak skin reactions observed in various sets of average and instantaneous dose
rates.
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Tumor and Normal tissue response
should be investigated in parallel
and
in vivo models should be used
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Normal tissue response



Normal tissue toxicity cascade?

Where does FLASH make a difference? DNA damage

A

Cell death

\ Stem Cells and Progenitors depletion

Vascular damage

N

D Inflammatory response

|

> -» Organ function alteration <

Pierre Montay-Gruel, PhD



gH2AX

Differential DNA damage in vivo

CONV FLASH
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Cleaved caspase-3

TUNEL

Differential cell death in vivo

Apoptosis
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Differential effect on Stem cells and progenitors in vivo
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Differential effect on the vascular system
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Differential inflammatory response
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Normal tissue toxicity cascade?

DNA damage
Less gH2AX and 53BP1

A

Cell death

Less apoptosis and senescence

N

Vascular damage

Preservation endothelial cells and
vascular integrity

N

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



Tumor response



With Electron beam- from simple SubQ model to orthotopic and

GEMMs

Relative tumor volume (RTV)
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Orthotopic ovarian cancer (ID8):
216 Gy/s, 2 Gy/pulse
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Percent survival

Transgenic GBM
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With Proton beam- double scattered beam

SubQ Pancreatic cancer MH641905
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With Proton beam- pencil beam scanning

SubQ MOC cells immunologically cold vs hot
62 Gy/s average and 207 Gy/s in the spot

A B
Moc1 Moc?2
—~ 2500 # — 5000-
mE -~ Sham sk coE -~ Sham #
*
£ 2000-{ = Conv £ 4000- = Conv
@ - Flash60 s —4 Flashé6o *
£ 1500~ £ 3000+ #
3 3 Z
0 0
> 1000 - S 2000+
| - | -
e 500- 2 1000
e e
0 1 D 1 | | I
0 10 20 30 40 0 10 20 30
Day Post-IR Day Post-IR

Cunningham et al. Cancers, 2021



FLASH-RT can be fractionated

CLINICAL CANCER RESEARCH | TRANSLATIONAL CANCER MECHANISMS AND THERAPY

Hypofractionated FLASH-RT as an Effective Treatment ®

Check for

against Glioblastoma that Reduces Neurocognitive Side e
Effects in Mice oo

Pierre Montay-Gruel', Munjal M. Acharya?, Patrik Gongalves Jorge®, Benoit Petit!, loannis G. Petridis’,
Philippe Fuchs', Ron Leavitt!, Kristoffer Petersson"®, Maude Gondre"*, Jonathan Ollivier',

Raphael Moeckli®, Francois Bochud®, Claude Bailat®, Jean Bourhis', Jean-Francois Germond?,

Charles L. Limoliz, and Marie-Catherine Vozenin'

CLINICAL CANCER RESEARCH | CCR TRANSLATIONS

News FLASH-RT: To Treat GBM and Spare Cognition, ®

Check for

Fraction Size and Total Dose Matter
Christina C. Huang' and Marc S. Mendonca'?

>106 Gy/second

10 Gy/1 Fx
Delayed tumor growth

14 Gy/2 Fx s
A 30 Gy/3 Fx

Delayed tumor growth

Neurocognitive effects
similar to CONV-RT




Percent survival

All tumors are not equally sensitive to FLASH-RT

Human Tumors

Human T-ALL with different susceptibility profile to FLASH-RT
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FLASH does not activate classical radiobiological response in Normal tissues
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At the biology level

What is known about the FLASH effect

<
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Gut

’ o Lung
Brain |

FLASH-RT spares normal tissue and is equally able to eradicate
tumors comparedto CONV-RT
Using TGD assay (no TCD50 assay has been published)

e Using electron, photonand proton beams
* In pre-clinical mouse model
 Small volume
e Single dose and hypofractionated regimen



What is currently being explored

 Modality of cell death
* |Immune component
* Metabolism
* DNArepair
* Cell signaling



What remains to be understood

Thinking outside the box
... New radiobiology

FLASH could be an unique tool to explore the fundamental difference
between normal tissues and tumors



At the physics level

Conditions to obtain or miss the FLASH effect
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