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Traceable dosimetry for clinical electron beams
t ¢. Q& LINJA Ydf tNdunit&yfdr gbsorbédRIose to water
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Ultra-high dose rate (FLASH) radiotherapy

RADIATION TOXICITY

Ultrahigh dose-rate FLASH irradiation increases | ""®oeereem
. . ghly Citec
the differential response between normal s
and tumor tissue in mice A Create citation alert (May 2022)
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In vitro studies suggested that sub-millisecond pulses of radiation elicit less genomic instability than continuous,

protracted irradiation at the same total dose. To determine the potential of ultrahigh dose-rate irradiation in radio- tfreatment
therapy, we investigated lung fibrogenesis in C57BL/6J mice exposed either to short pulses (<500 ms) of radiation ==
delivered at ultrahigh dose rate (=40 Gy/s, FLASH) or to conventional dose-rate irradiation (<0.03 Gy/s, CONV) in tlme

single doses. The gro of human HBCx-12A and HEp-2 tumor xenografts in nude mice and syngeneic TC-1 Luc”
orthotopic lung tupérs in C57BL/6J mice was monitored under similar radiation conditions. CONV (15 Gy) triggered
lung fibrosis assgf€iated with activation of the TGF-p (transforming growth factor-f§) cascade, whereas no complications
developed fter doses of FLASH below 20 Gy for more than 36 weeks after |rrad|at|on FLASH |rrad|at|on also spared
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average dose rate Science Translational Medicifg2014) 245, pp. 245ra93
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Ultra-high dose rate (FLASH) radiotherapy

(May 2022)

* Increasing interest in FLASH RT

o 2021: 1.4 paper/week about
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NJ 0S¢

* just now an urgent need for
dosimetry for FLASH RT
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[ ] FLASH Radiotherapy: Current Knowledge :
1 Beam Therapy.
Cite  Hughes JR, Parsons JL.
Int J Mol Sci. 2020 Sep 5;21(18):6492. doi: 10.3390/ijms2
Share o\ iiD: 32899466 Free PMCarticle.  Review.
FLASH radiotherapy induces a phenomenon known as
rate radiation reduces the normal tissue toxicities comm
while still maintaining local tumor control. ...Howev ...
[ ] FLASH Radiotherapy: History and Future.
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Ultra-high dose rate electron beams
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Ultra-high dose rate electron beams
modified medical LINACs
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modified VariarClinac view into the head of the LINAC

E.SchIeret al.
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https://doi.org/10.1016/j.ijrobp.2016.09.018
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Ultra-high dose rate electron beams
Dedicated FLASKeRTLINACS

§,~~ . LIAC FLASH: life changing SIT.
* IntraOp'Mobetron PHB  FLASHKNIFE |0eRT FLASH device. s

With FLASH-IQ™



Ultra-high dose rate electron beams

Pulsed electron beam from LINACSs

100ms/ 10 Hz 1-5ns
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Wilson et al.Front. Oncol9 (2020) 1563.

http://dx.doi.org/10.3389/fonc.2019.01563
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Ultra-high dose rate electron beams

Comparison FLASH vs. conventional irradiation

FLASH conventional
(LINAC beam)
average dose rate > 40 Gy/s 5 Gy/min
treatment time < 500ms 4 min
pulse dose rate ~MGYs < 100 Gy/s
(within pulse)
dose per pulse (DPP) @6c 10 @ 0.3mGy
R

™

ultra-high dose per pulse



FLASH irradiation: Ultraigh dose rate / dose per pulse

Mice brain irradiation with 1@y

without irradiation
FLASH

100+

90 conventional
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averagedose rate [Gy/s] —»0 Control 1 pulse 500 100 60 30 20 10 3.0 1.0 0.1
dose per pu|Se [Gy] — 10 5 1 0.6 0.01 0.0003

Recognition Ratio (% )

Montay-Gruelet al., Radiotherapy and Oncology 124 (2017) 36

http://dx.doi.org/10.1016/j.radonc.2017.05.003
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FLASH irradiation: Ultraigh dose rate / dose per pulse

36 weeks posRT

FLASH irradiation of the skin of a pig

134Gy 31Gy 28Gy
\-...“:_‘-. . L VAN . . . f'vj_f:\

Conventional . o | '

(5 Gy/min)
necrotic lesions

FLASH

(300 Gy/s) F= &

¢ A 3Gyfpuise R
2 normal appearance of skin

Conventional FLA Irradiation

(with same total dose)
Vozeniret al.,Clin Cancer R&% (2019) 35

http://dx.doi.org/10.1158/10780432.CCR 7-3375



http://dx.doi.org/10.1158/1078-0432.CCR-17-3375

FLASH irradiation: Ultraigh dose rate / dose per pulse

FLASHeatment of a humanpatient
(lymphomaon skin)

e delivered total dose: 1&y

e 10pulses(of 1 nsduration)
e treatment time:90ms

 Dose per pulse: 1.5 Gy

5 months
Bourhiset al.,RadiotherOncol (2019)

http://dx.doi.org/10.1016/j.radonc.2019.06.019
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FLASH irradiation: Ultraaigh dose rate / dose per pulse

FLASH treatment of canine patients

* Delivered total dose: 1§ 35Gyin
7-16 pulses

o Treatment time: < 7%ns
« Mean dose rates: > 40By's

 Dose per pulse: By

treatment of leg

Konradssoret al.,Front.Oncol 11 (2021) 658004

https://doi.org/10.3389/fonc.2021.658004
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Ultra-high dose rate radiotherapydosimetricchallenges

lonization chambers

Advanced Markus®
Chamber
Type 34045

Well-guarded plane-parallel chamber for the
dosimetry of high-energy electron beams,
espedcially for high dose per pulse values

lon collection efficiency at nominal voltage

lon collection time 22 s
Max. dose rate for
> 99.5 % saturation 187 Gy/s
> 99.0 % saturation 375 Gy/s

Max. dose per pulse for
> 99.5 % saturation  2.78 mGy
> 99.0 % saturation  5.56 mGy

Rangesof use

Chamber voltage + (50 ... 300) V



Ultra-high dose rate radiotherapydosimetricchallenges

lonization chambers
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Petersson et alMed Phys44 (2017) 1157

https://doi.org/10.1002/mp.12111
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Highlights

o Ultra-high dose rate reduces adverse side effects in radiotherapy (FLASH
effect).

« Studies and implementation in practice requires accurate dose

measurements.

« An European joint research project was started to develop a

measurement framework.

« Tools for dosimetry of ultra-high pulse dose rate beams will be provided.

Schuller et al.,

The European Joint Research ProjeetDpulseX

PhysicaVledica80 (2020) 134150
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UHDpulse

WP1 Primary standards

» Definition of reference conditions
 Reference radiation fields

« Adapting primary standards (water
calorimeter, Fricke dosimeter)
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« Prototype graphite calorimeters » Formalism for reference dosimetry
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» Transfer from primary standards
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» Active detection techniques for
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* Methods with passive detectors
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WP3 Detectors for
primary beam

* Novel and custonbuilt active
dosimetricsystems

* Beam monitoring systems
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\% PTB ultrahigh pulse dose rate reference electron beam

Alanine pellets at
reference depth

In water phantom
Dose traceable t Current transformerBergodCT): Nordestructive

t ¢. Qa LINRA Y | Nabsolute beam pulse charge measurement
standard (uncertainty < 0.1 % @ fCper pulse)




\% PTB ultrahigh pulse dose rate reference electron beam
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) Calculation of charge collection efficiency

UHDpulse
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) Calculation of charge collection efficiency

UHDpulse

chamber current [mA]

J. PaaMartin et al.
G b dzY SNRA Ol
PhysicaVledica submitted
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) Calculation of charge collection efficiency

UHDpulse
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\% Calculation of charge collection efficiency

lon recombination correction factor
al o for 5 Gyper pulse(300 V)
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A Prototypeionization chambers for FLASH RT dosimetn

UHDpulse

lonization chamber
prototype
electrode distance:
0.27 mm

Faustino Gomez et al.,
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A Prototypeionization chambers for FLASH RT dosimetn

UHDpulse
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\% Prototype ionization chambers for FLASH RT dosimetry
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A Diamond detector prototypefor FLASH RT dosimetry

UHDpulse

R.Kranzeret al.
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\% Diamond detector prototypefor FLASH RT dosimetry
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A Diamond detector prototypefor FLASH RT dosimetry

UHDpulse
conventional ultra-high (4Gyper pulse)
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\% Diamond detector prototypefor FLASH RT dosimetry

conventional ultra-high (11 and 45yper pulse)

D
1.0 -a) ;Fwwﬂ'wrﬂfﬂ“‘i —e— SiD
I /
> 0.8 i : >
4y} |';' ©
- I c
O y \ O
- 06 {. ge)
© ( )
' ©

E 04F j \ =
S | ; 5
Pz \ Z

02+ : s

0.0 1 i pee 1 i 1 i 1 ."."‘1 i Q) e i . , , ! ;

-60 -40 -20 0 20 40 60 60 40 -20 0 20 40 60

Position (mm)

G. Verona Rinati et al.
G! RAIFY2YR RSUOUSOUG2NI LINRPUO208LIS F2NJ O2YYAaaAzyAay3a 27

submitted toMedical Physics

C



UHDpulse

a

EMIDRC

G

A Averican association
”q/ PHYSICISTS IN MEDICINE

AAJ MMITTEE TREE

NON-VOTING Appointments

¢tD opd aC]!

Malcolm R. McEwen, PhD Moyed Miften, PhD C‘E)I

1/1/2021 - 12/31/2021 Memb 1/1/2021 - 12/31/2021 Member

UHDpulse

Dimitris N. Mihailidis, PhD Raphaél Moeckli, PhD

1/1/2021 - 12/31/2021 Task Group Chair 2/19/2021 -12/31/2021 Mem

Centre hospitalier
universitaire vaudois

UHDpulse

UNIVERSIDADE
DE SANTIAGO
DE COMPOSTELA

Paige A. Taylor, MS L4
I,__'t 1_\.’ 0 C°|

1/1/2021 - 12/31/2021 Member

NON-VOTING Appointments There are 7 non-voting members and guests.
Faustino Gomez Sophie Heinrich
1/1/2021 - 12/31/2021 Consy 1/1/2021 - 12/31/2021 Consu
(nonvoting) (nonvoting)
UHDpulse UHDpulse
ssica Ly v e Pt
Jessica Lye col Kristoffer Petersson

1/1/2021 - 12/31/2021 Consultant
(nonvoting)

1/142021 - 12/31/2021 Consultant
(nonvoting)

Yolanda Prezado Anna Subiel Ph.D.

institutCurie

NPL

Mational Physical Laboratory

1/1/2021 - 12/31/2021 Cofsu
(nonvoting)

1/1/2021 - 12/31/2021 Consultant

(nonvoting) L i ai SO r

https://www.aapm.org/org/structure/default.asp?committee code=TG359

UHDpulse

v
THE
DOSIMETRY
COMPANY

o
{ba Dosimetry



https://www.aapm.org/org/structure/default.asp?committee_code=TG359

\% UHDpulsestakeholder workshop

UHDpulse

Finnland

Island
Russland
FLASH ‘ ‘ g Mongolei
RADIOTHERAPY (1
& PARTICLE
THERAPY » = N ke ‘e’ @ NG
CONFERENCE At ij;,)w'»'f» cher vay Aahanistan 9, Still
zean
Ozeal Algerien Libyen Aees Pakistan
Indien J
Mali  Niger Sud
Tschad - |

Venezuela Nigeria Athiopien ra
Kolumbien (&
R Demokratische Kenia -
Republik Kongo ‘
Brasilien Tansania Papua-Neuguinea
|
Peru Angols

Bolivien
Namibia Indisch

Australien

1> 700 Participants
Argentinien ' Neu

Chile

All abstracts are published in in Physica Medica 94 Supplement S1-S132
https.//www.physicamedica.com/issue/S11A¥97(22)X0003



https://www.physicamedica.com/issue/S1120-1797(22)X0003-3

N\
EURAMET

Summary EMPIR

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States

e There is no redime dosimetry system for FLASH RT This project (18HLT04) has received funding
: ! : from the EMPIRrogrammeco-financed by
with electrons commercially available up to now. the Participating States and from the
 Commercially available ionization chambers show large 9 d2NE LISty  yA2yQa 1 21
— : N and innovatiorprogramme
deviations at ultrahigh dose per pulse (DPP) due to
lon recombination.
e Calculation of charge collection efficiency agree with
experimental results.

« Prototypes of parallel plate ionization chambers with

very small. electrode distances show linear response in UHDpulse
the ultra-high DPP range. |
« microDiamondietectors show saturation effects at http://uhdpulse -empir.eu/

different DPP levels.
* Prototype Diamond detectors show linear response in
the ultra-high DPP range.
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