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FLASH irradiation: Ultra-high dose rate / dose per pulse
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Wilson et al., Front. Oncol. 9:1563.
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FLASH irradiation: Ultra-high dose rate / dose per pulse

Pulsed electron beam from a Linac
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FLASH irradiation: Ultra-high dose rate / dose per pulse

FLASH treatment of a human patient
(lymphoma on skin)

* delivered total dose: 15 Gy
* 167 Gy/s

e 10 pulses (of 1 us duration)
* treatment time: 90 ms

* Dose per pulse: 1.5 Gy

5 months

Bourhis et al., Radiother. Oncol. (2019)
http://dx.doi.org/10.1016/j.radonc.2019.06.019
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FLASH irradiation: Ultra-high dose rate / dose per pulse

FLASH irradiation of the skin of a pig

Conventional and FLASH Irradiation
(with same total dose)
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Vozenin et al., Clin Cancer Res 25 (2019) 35
http://dx.doi.org/10.1158/1078-0432.CCR-17-3375
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FLASH irradiation: Ultra-high dose rate / dose per pulse

FLASH treatment of cancber in mice

1 cm Tungsten

ssecoes |
SR

’ b E Parameters FLASH CONV
[on;hambe@gg e-beam energy ~16 MeV  ~16 MeV
Sollchl\:/Cahter '.14;137.0 E I.I. I lDB I l Zz HZ
b Dose per pulse 2.0 Gy 0.00109 Gy
o, - Average dose rate 216 Gy/s  0.07863 Gy/s (4 Gy/min)
e SEE-ws  TInstantaneous dose rate

Source 4 4 (pulse length 5 ys) 4.0E5 Gy/s 218.5 Gy/s
Levy et al. Scientific Reports 10 (2020) 21600
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FLASH irradiation: Ultra-high dose rate / dose per pulse

FLASH treatment of cancer at dogs

e Delivered total dose: 15— 35 Gy in
7-16 pulses

* Treatment time: 30- 75 ms

* Mean dose rates: 400-500 Gy/s
* Pulse dose rates: ~0.7 MGy/s

* Dose per pulse: 2 Gy

treatment of canine leg

Konradsson et al., Front. Oncol. (2021) 11:658004

https://doi.org/10.3389/fonc.2021.658004
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Dosimetry at ultra-high dose per pulse

Behavior of ionization chambers

Advanced Markus chamber
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Petersson et al., Med Phys 44 (2017) 1157
9 https://doi.org/10.1002/mp.12111
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Dosimetry at ultra-high dose per pulse

Passive detectors PTB’s alanine

OSLD, TLD, alanine, dosimetry system
radiochromic film

Ad\(antage.' Dose traceable to
- independent of dose rate, PTB’s primary

suitable for ultra-high DPP standard
Disadvantage:

- not real-time readout, takes
hours or days to get a dose
value

Alanine pellets ESR spectrometer
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Dosimetry at ultra-high dose per pulse + VHEE

Passive detectors

> requested dose: 20 Gy 15 Gy 10Gy  1Gy
trathclyde 151 MeV -

dose range limits

EBT3: |
<40 Gy irradiated EBT3 film front side

PTB Alanine
dosimetry system:
<25 Gy

4 stacks of 4 alanine pellets on the rear face of
the EBT3 films

16.9.21, Strathclyde Ultra-high Dose Rate Radiotherapy Workshop 11



Dosimetry at ultra-high dose per pulse + VHEE

Passive detectors
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Karolina Kokurewicz, Investigation of focused Very High Energy
Electrons (VHEEs) as a new radiotherapy method, PhD thesis (2020)
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Dosimetry at ultra-high dose per pulse

PTB reference field for ultra-high dose per pulse

PTB’s Research electron accelerator Beam line with water phantom

E =0.5-50 MeV up to 7 Gy/pulse (SSD 0.7 m, 20 MeV)
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Dosimetry at ultra-high dose per pulse

PTB reference field for ultra-high dose per pulse

Alanine pellets at
reference depth
in water phantom

2 Wok
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current transformer: Non-destructive beam pulse
charge measurement (uncertainty < 0.1 %)
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Dosimetry at ultra-high dose per pulse

PTB reference field for ultra-high dose per pulse
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Bourgouin et al., Front. Phys. (2020) 8:567340
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European Joint Research Project UHDpulse

Titel: Metrology for advanced radiotherapy using
particle beams with ultra-high pulse dose rates
Duration: Sep/2019-Feb/2023

Start: 1. Sept. 2019
Funding: 2.1 ME
-g UHDpulse
Coordinator: Andreas Schiller (PTB)
Topic: tools for traceable dose measurements for:

* FLASH radiotherapy
* VHEE radiotherapy
* |aser driven medical accelerators

http://uhdpulse-empir.eu/

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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UHDpulse Partners and Collaborators Radiation detector developers

Metrology Institutes Irradiation facility providers
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Coming developments for dosimetry for FLASH

Corrections functions k_ for available ionization chambers

1.1[} T T T T T T T T T T T T T T T T T T T T T T T T
1.00 ¢ .
[ £ g, N ]
J090 T . A p A PPCO5
E 0.80 | =! g A ® 4 8 (0.6 mm)
© i a ) 1 .
§ 070 r o g 2 s 1 commercially
€ 060 L 0 g ] . .. .
2 i %@ g __ Advanced available ionization
= 050 1 ° Markus ]  chambers
e 0.40 | ° (1 mm) -
o — ® e |
L o _
230 1 e o o , PPCAD |
0.20 j (2 mm) t
D_j_[} i i i i 1 i i i i 1 i i i i 1 i i i i 1 i i i i
0.00 0.50 1.00 1.50 2.00 2.50

Dose-per-pulse (Gy)

16.9.21, Strathclyde Ultra-high Dose Rate Radiotherapy Workshop 18 Alexandra Bourgoum et aI" to be pUbIIShEd



Coming developments for dosimetry for FLASH

Prototype ionization chambers for ultra-high DPP

Simulated ion recombination

— correction factor k for plane

A:"’?, I parallel ionization chambers
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NACP

Faustino Gomez et al., to be published



Coming developments for dosimetry for FLASH

Prototype ionization chambers for ultra-high DPP
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Coming developments on dosimetry for FLASH

microDiamond detector for ultra-high DPP

Dose per pulse detector [Gy]
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*Diamond prototypes are produced
at the Industrial Engineering
Department of Rome Tor Vergata
University in cooperation with PTW.

Rafael Kranzer et al., to be published



Coming developments on dosimetry for FLASH

Prototype calorimeter
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Coming developments on dosimetry for FLASH
TimePix3 based detector for ultra-high DPP
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MiniPIX TPX3 Flex in a water phantom in an
ultra-high dose rate proton beam

Cristina Oancea et al., to be published
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Summary

* There is no real-time dosimetry system for FLASH RT
with electron beams up to now.

 Commercially available ionization chambers show
large deviations at ultra-high DPP due to ion
recombination.

* Prototypes of parallel plate ionization chambers with
very small electrode distances show linear response in
the ultra-high DPP range.

* Commercially available microDiamond detectors show
saturation effects at different DPP levels, the linear
range can be extended to the ultra-high DPP range.

* Prototype calorimeter show linear response in the
ultra-high DPP range.
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EMPIR

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

This project (18HLT04) has received funding
from the EMPIR programme co-financed by
the Participating States and from the
European Union’s Horizon 2020 research
and innovation programme.

UHDpulse

http://uhdpulse-empir.eu/

*Diamond prototypes are produced at the
Industrial Engineering Department of Rome
Tor Vergata University in cooperation with
PTW.
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