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Questions that Still need Answers for FLASH

ÈWhat are the biologic mechanisms of FLASH? - we have theories and early 

indications, but there is still a lot to learn

ÈIs scattering or scanning is the appropriate delivery mechanism?

ÈDose and fractionation need to be completely rethought?

- Single fraction FLASH vs fractionated FLASH

- FLASH alone vs Conventional treatment plus FLASH boost

- Single course FLASH vs Intermittent delivery

- Impact of multiple fields in a FLASH treatment

ÈShould we be doing FLASH with grid therapy?

ÈWhat are the potential synergies with chemotherapy and immunotherapy?

ÈWhat are the differential effects of FLASH on various normal tissues?

ÈDoes conformality matter anymore?

ÈMany, many, more
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Careful Stepwise Development of FLASH is Critical

ÈWe need to be cautious about jumping into clinical trials too quickly

ÈThere is a lot of work to do in the preclinical setting

ÈGene Therapy is a good reminderïwe can hurt people if we do this wrong and too 

quickly and put the field back years

ÈSmall and large animal studies are critical to defining the mechanisms of action

ÈSignificant technical refinement will be needed to deliver optimal care

ÈUltimately, appropriate sites of treatment will need to be defined for clinical trials
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Q: Does the FLASH mechanism involve interaction with immune system?

Q: Can we do FLASH PBS?  Can we treat at Bragg Peak?
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Double Scattered Proton FLASH Set Up
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Mice were whole body-irradiated either with 1 Gy/s or 75 Gy/s irradiation at a single dose of 7.5Gy. 

Increased survival of C57/Bl6 mice treated with FLASH vs conventional WBRT

*p=0.0195

Cengel et al, IJROBP 2020
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Preliminary data from murine studies: fibrosarcoma tumor

ÈFLASH does not alter tumor response 

Irradiation of fibrosarcoma 
tumor with 30 Gy 

Flash or Standard RT 
30 Gy
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Tumor volume 

~100 mm3

Days post injection0 12

Injection of 5x105

MH6419 cells / 

flank IR 12/18Gy

Tumor volume 

400-500 mm3

Tumor growth/survival

Stem Cell Damage/fibrosis

Focal Proton RT of PanCa and Small Intestine
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TrichromeH&E
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**p<0.001; non-parametric t-test  

on FR vs SR vs NR

Intestinal Fibrosis 8 Weeks Post-Proton Radiation

n.s.

** **

Cengel et al, IJROBP 2020


