' NARODNY } The JameS NARODNY

( ) ONKOLOGICKY USTAV ONKOLOGICKY
eanie (it THE OHIO STATE UNIVERSITY INSTITUT
BN PO WEXNER MEDICAL CENTER

Vyvo] FLASH radioterapie a je] vyzvy

6. konferencia Slovenskej spoloénosti radiaénej onkologie, 16.5.2024

Miroslava Dobrorioval, Ashley Cetnar?, Sagarika Jain?, Allison Palmiero?
Klinicki fyzici

1)  Narodny onkologicky Ustav, Bratislava, Slovensko

2)  The Arthur G. James Cancer Hospital and Richard J. Solove Research Institute, Columbus, OH, USA



. . \ NARODNY ]
Konflikt zaujmov ) suxareownl

Podporené grantom Narodnéeho onkologického institatu 20230929/SVKNOI/15

https://www.noisk.sk/lekar/vyskum-a-vyvoj/noi-granty

Ziadosti je mozné posielat’od 1.1. do 31.3. a od 1.6. do 31.8. v aktualnom roku.

Dl'z"ka stazového pobytu: Maximalna vYéka ﬁnanc"nej

Minimalne 1 mesiac podpory:

Maximalne 3 mesiace USA/Svet: 3500 EUR
Eurdpa: 2500 EUR



https://www.noisk.sk/lekar/vyskum-a-vyvoj/noi-granty

Flash-RT

- Radioterapia s ultra vysokym davkovym
prikonom (ultra-high dose rate, UHDR),
doruena v kratkom Case

- Konvencna radioterapia ~0.03 Gy/s vs.
FLASH >~40Gy/s

[ &4

- & Nizsi ¢as ( ~1000 nasobne)




Flash efekt
FLASH # FLASH EFEKT

+ Rozsirenie terapeutického okna
(Preklinické vyskumy ukazali izoef. TCP a
zaroven nizSiu toxicitu normalneho tkaniva)

- Objaveny v roku 2014 - pokus s
pllicnym nadorom u mysi

Ultrahigh dose-rate FLASH irradiation
increases the differential response
between normal and tumor tissue in
mice, V. Favaudon et al., Sci Transl|
Med; 6(245):245ra93, 2014.

- Jeho mechanizmus nie je zatal presne
popisany
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https://www.researchgate.net/publication/259771087 Calories_carbohydrates_and cancer_therapy with radiati
on_Exploiting_the five R%27s_through_dietary manipulation/figures

https://www.soiort.com/flash-rt-scientific-data/
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Flash efekt I.

- RozSirenie terapeutického okna (Preklinické vyskumy
ukazali izoef. TCP a zaroven nizSiu toxicitu normalneho

tkaniva)
- Objaveny v roku 2014 - pokus s plicnym nadorom u

mysi

CONV RT FLASH RT

Ultrahigh dose-rate FLASH irradiation increases the differential response
between normal and tumor tissue in mice, V. Favaudon et al., Sci Transl Med,;
6(245):245ra93, 2014.

- Jeho mechanizmus nie je zatd presne popisany: =>
- Flash efekt na normalnom tkanive -> oxygen depletion
mechanizmus
- In-vivo experiment na embriach rybky damiana pruhovaného
ukazuju, ze Flash-RT pomaha robit’ radiorezistentnejsim
normalne tkanivo znizenim produkcie ROS
- Predo si nador zachovava rovnakui odpoved’ na Conv-RT a
Flash-RT zid nebolo presne preskimané A potential
revolution in cancer treatment:
- Imunitné a zapalové mechanizmy

Y. Gao, A topical review of FLASH radiotherapy, AAPM, 2022 https:/Avww.soiort.com/flash-rt-scientific-data/
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Casova os vyvoja publikacii Flash-RT
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Y. Gao, A topical review of FLASH radiotherapy, AAPM, 2022



Preukazana vyborna kontrola tumoru

Vozenin MC et al. (2019) CCR. 25: 35-42

14 mesiacov po
Pred Flash=RT  Flash=RT

- Lokalne pokrocily T2/T3NOMO
epidermoidny karcindbm nosnej bazy

- 25-41Gy v 1frakcii

- stanovenie maximalnej tolerovanej

davky a prezivanie bez progresie

jednorazovej davky Flash-RT.

(PFS) po 16 mesiacoch bol 84 %

Treatment of a first patient with FLASH-radiotherapy, Jean Bourhis, 2019

1a:Day

1c¢ : 5 months

Prvy pacient - 2019

75 rotny mw, CD30+ T-cell kazny rezistentny lymfom
3.5cm lymfom bol oZiareny FLASH davkou 15 Gy za 90ms

Lausanne Univerzitnd Nemocnica, eRT6 Oriatron 5.6MeV



Vyvoj Flash-RT na Ohio State’s St

Vet School

Pathology Medical
MedOnc Physicists
RadOnc
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Varian FLASH | T

Research e Radiation Translational

IntraOp FLASH Extension (FLEX)proton ELASH with \Cis resesreners
Mobetron Toolkit Varian ProBeam

G Small Animal Large
Research Animal
Research

A.Cetnar, Ohio State University — FLASH Physics, 2024 8



Vypocet davky pre UHDR elektréony fyzikalne veli€iny

Trvanie pulzu (s) x Davkovy prikon (Gy/s)

Celkovy ¢as :
Ziarenia = Davka-na-pulz (Gy)
Davka-na-pulz (Gy) x PoGet pulzov =
Davkovy Celkova davka (Gy)
i Celkova davka (Gy)/Celkovy &s Ziarenia
(s) = Priemerny davkovy prikon (Gy/s)
Sirka pulzu w (~mikro sekundy) |es
Pulzna :
frekvencia
Cas(s)

Wilson et al. (2020) Ultra-High Dose Rate (FLASH) Radiotherapy: Silver Bullet or Fool’s Gold?



Varian Flash Extension for Research FLEX Toolkit

Ashley J. Cetnar, Technical note: Commissioning of a
linear accelerator producing ultra-high dose rate
electrons, 2023

Ne-klinicky, 16MeV UHDR

Pridanie hardvéru, optimalizacia napatia na gune,
radiofrekvencie, a steering cievkach, rozptylové
félie na mieru

PDD a profily 16HMeV boli ziskané pouzitim
radiochromického filmu a namieru robenom
vertikalnom drZiaku a porovnané s konvenénymi
16CMeV

Davkovy prikon a DPP boli vypocitané tiez z filmu
offline

Linearita a stabilita bola zmerana pomocou
Advanced Markus jon. Komorou

Prepnutie medzi CONV a UHDR <1min

10



Ashley J. Cetnar, Technical note: Commissioning of
a linear accelerator producing ultra-high dose rate

electrons, 2023
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FIGURE 2 Percent depth dose curves for 16 MeV conventional (16C) and 16 MeV ultra-high dose rate (16H) beams using radiochromic
film placed parallel to the beam and CC13 ion chamber measurement verification with conventional beam using 10 cm cone at 100 cm SSD (a) 11
60 cm (b) and profiles at 100 cm SSD (c) and profiles at 60 cm (d).



IntraOp Mobetron FLASH
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A.Cetnar, Ohio State University — FLASH Physics, 2024
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A.Cetnar, Ohio State University — FLASH Physics, 2024 13




Preklinicke studie, James Cancer Hospital

A.Cetnar, Ohio State University — FLASH Physics, 2024 14



Minimalny davkov prikon na spustenie Flash efektu

- Vyzva dose dp

- Stadia: Zhou S. et al., Minimum dose rate
estimation for pulsed FLASH radiotherapy. A
dimensional Analysis, 2020, Medical Physics

- Zobrali do uvahy Oxygen Depletion hypotézu
+(radiolyza+difuzia)

- Odhadnuta magnituda ~57Gy/s

- Potrebné ingrediencie:
dostatok vnutrobunkového kyslika,

kratku pulznu periédu T<50ms,
vysoku davku na pulz d >3Gyss. i}}:> 5/Gyls

https://www.youtube.com/watch?v=NdQTqg-RYFc
A&ab channel=CindiVanHousen

15


https://www.youtube.com/watch?v=NdQTg-RYFcA&ab_channel=CindiVanHousen
https://www.youtube.com/watch?v=NdQTg-RYFcA&ab_channel=CindiVanHousen

Prechod ku klinickej praxi - Dozimetria

=> Stabilita, reprodukovatelnost, bezpecnost.

- Potrebny je spolahlivy monitorovaci systém davky (realtime?)

- Kontrola stability z kratkodobého a dlhodobého hladiska.
- Oriatron eRT6 uydhlova€ 20 mesiacov pre i preklinickych pokusov Lausanne
kontrola zmeny charakteristik lu¢a
Napr. zmena pulznej Sirky, zmena pulznej frekvencie, zmena pulznej amplitudy

- Hbbkové krivky, profilové krivky - merané v konvenénom aj UHDR méde

Dozimetre Gafchromic EBT3 filmy (+V700 Epson scanner) a PTW Advanced
Markus jonizacna komora T34045 Advanced Markus Chamber

- kalibrované klinicky el. lu¢;

Film - nezavisly od davkového prikonu a energie, 2-40Gy, offline

16



Prechod ku klinickej praxi - Dozimetria ll

Jonizacné komory? Rychla saturacia pri UHDR (jedine velké korekéné faktory)

- Vyvoj: Texas Evaluation of ion chamber response for applications in electron FLASH

radiotherapy Kevin Liu 2024

- Zavery po oZiareni v rbznych podmienkach:
Silna zavislost’ od DPP (efektivnost zberu naboja klesala so zvysujicou sa DPP).
Zanedbatelna zavislost od strednej davky (x 1%).
Vyzera, Ze sa to bude dat’ obist - prototypy s mensimi elektrodami, vacsimi prepéatiami,silnejSou
ochranou od el. Pola.

Diamantova komora od PTW flashDiamond Detector T60025

- upravena pre Flash-RT => James Cancer, Rome Tor Vergata Univ. -> testy, nepublikované
zatial

Marco Marinelli, Design, realization, and characterization of a novel diamond detector prototype
for FLASH radiotherapy dosimetry, 2020 (linearita detektora az do 20Gy/Pulz)

17



Vyzvy, o¢akavania, buduci vyvoj
Vyzvy

- Online dozimetria, stabilita

- Spolahlivy hardware

- Nové odporucania/zakony
zonladnujtice Specifika Flash-RT

- Radiobiologicky vyskum

- Klinicky vyskum

- Standardizacia

VHEE FLASH Aﬂ

h WWW.SOi N

Dostupnost’ fotébnovej Flash-RT?

Methods S for \/HEE/FLASH ‘Radiotherapy
Studies and nd High Dose Rate D05|metry at
the CLEAR Us User. Faullty »

Author(s) Korysko Pierre (U. Oxford
(main) ;CERN)™

2022 https://cds.cern. ch[record[284486



https://www.soiort.com/vhee-concept/
https://cds.cern.ch/record/2844862

Fotdnova Flash - RT
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https://www.youtube.com/watch?v=aT GBSIBVEgA&ab channel=McGillMedicalPhysics
NSS 2021.06.11 - Magdalena Bazalova-Carter "FLASH radiotherapy with X-rays" 19



https://www.youtube.com/watch?v=aTGBSiBVEqA&ab_channel=McGillMedicalPhysics

C M A Notsecure sslfsk/75-works.. @ ¥

Workshop, Moznosti podpory mobilit pre medicinskych fyzikov (s
menej ako 10 ro€nou praxou), 21.5.2024, 16:00, online
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Budovanie kapacit pre vyvoj Flash-RT na Slovensku?

21
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