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one of five university hospitals. Institute W.w ics
| IRA

« Connected to the biology and
medicine department of UNIL

Over 11°000 employees

Over half a million annual
hospitalization-days.

IRA provides expertise in:
» Medical physics
= Radiation protection
» Radiochemistry
» Radiopharmacy
= Radiometrology



Radio'metrolog'y



METROLOGY is obsessed with Traceability

International
Standards

National Metrology

traceability refers to an unbroken chain e

of comparisons relating an instrument's

measurements to a known standard. Calibration Laboratories

Industry and Testing Laboratories



FLASH-RT in short: Irradiation at ultra high dose-rate
Increases the differential response between normal and
tumour tissue - s

p<0.01 p<0.01 p<0.01
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<Vald




Our Goals for a safe use of
FLASH-RT:

Ensure a reliable and accurate
dose delivery

. Reliable REPEATABILITY

 Accurate

« Reproducible vs time STABILITY




Ensure a reliable and accurate
dose delivery

e Accurate TRACEABILITY

-> Agreement accross various locations



Ensure a reliable and accurate
dose delivery

 Accurate




 Beam is not standard (dose rate, field size, ...)
- no primary standard, no commissioning
protocol, etc etc etc!!!

* Need to adapt our methodology established using
conventional LINACSs. H
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Primary standard 9 Uncerta|nty bUdget

High High
energy energy
electrons

Water calorimeter

(\O Total 5.0 % 3.1% 12 %
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But we are walking there ....
/ \v ..... metrologist don't run

EMPIR project UHDpulse

“Metrology for advanced radiotherapy using
particle beams with ultra-high pulse dose rates”

Andreas Schuller
Department 6.2 “Dosimetry for Radiation Therapy and Diagnostic Radiology”
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EMPIR Call: 2018 / Health

Type: Joint Research Project
Duration: 2019-2022

Start: 1. Sept. 2019

Funding: 2.1 M€

Coordinator: Andreas Schiller (PTB)
Topic: tools for traceable dose

measurements for:
* FLASH radiotherapy
* VHEE radiotherapy

* J|aser driven medical accelerators

~~

EMPIR H -

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

The European Metrology Programme for
Innovation and Research (EMPIR):

= metrology-focused programme of
coordinated R&D

= enables European metrology institutes,
industrial and medical organisations,
and academia to collaborate on a wide
variety of joint research projects
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5 National Metrology Institutes

leading in the field of dosimetry

2 academic hospitals
pioneers in FLASH-RT

3 universities

experts in detector development
pioneer in laser-driven beams

3 national research institutes

pioneer in detector development
pioneer in laser-driven beams
dosimetry expert

1 European research institute
laser-driven beam research

2 companies
expert in detector development
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UHDpulse - Work Package Structure

WP1: Primary standards

* Definition of reference conditions
* Reference radiation fields

* Adapting primary standards (water
calorimeter, Fricke dosimeter)

* Prototype graphite calorimeters for
laser-driven beams

2

WP4: Detectors and \
methods outside
primary beam

* Active detection techniques for
pulsed mixed radiation fields of stray
radiation

* Methods with passive detectors

=

WP2: Secondary standards,
relative dosimetry

* Transfer from primary standards

* Characterizing established detector
systems

* Formalism for reference dosimetry
for future Code of Practice

1

/ WP3: Detectors for

primary beam

* Novel and custom-built active
dosimetric systems

* Beam monitoring systems
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Ensure a reliable and accurate
dose delivery

 Accurate ACEABILITY




Waiting...

vald

In the mean time, we went for a cunning plan....

I have a cunning plan...
- Baldrick
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Five different dosimeters:
* Films
 |onization chamber
* Thermoluminescent dosimeter (TLD)
* Methyl viologen
Alanine

.| canton de
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http://upload.wikimedia.org/wikipedia/commons/7/73/Paraquat.svg

Five different dosimeters:
e Films

* Thermoluminescent dosimeter (TLD)

- .
7 Alanine
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http://upload.wikimedia.org/wikipedia/commons/7/73/Paraquat.svg

e Alanine
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http://upload.wikimedia.org/wikipedia/commons/7/73/Paraquat.svg

Redundancy of dosimetric measurements =e=es traceability

17.5

& Alanine B Film @ TLD Markus
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13.0
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Agreement within 3 % for FLASH and within 2 % for CONV
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Our Goals for a safe use of
FLASH-RT:

Ensure a reliable and accurate
dose delivery

. Reliable REPEATABILITY

 Accurate

« Reproducible vs time STABILITY




Development of procedures for pre-clinical FLASH-RT irradiation

Absolute dosimetry:
alanine, TLD, and radiochromic
films.

Relative stability:
lonization chamber.

Routine irradiation:

beam characteristic and dosimetry
are standardized for three different
setups.

Contents lists availabla at

oo Dinac t

Radiotherapy and Oncology

journal homapage: www_thagregnjournal.com

Original Article

Dosimetric and preparation procedures for irradiating biological models
with pulsed electron beam at ultra-high dose-rate
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ARTICLE IKFO ABETERACT

Argicle MTary Purpoce: Predinicl studies using 2 new treztment modality called FLASH Radio therapy (FLASH-RT) nesd
Received 30 Nowemier 2018 2 two-phase procedure to ensure minimal unoertainties in the deliversd dose The first phase requires 2
xg—g;z-;:;iﬁoﬂg=m-’-°bi--5°-° new imves tigatian of the rference dasimetry lying outside the canventiana] metno logy framewark fom
F—— — ratianal metrology institutes but necemarny to abtain traceahility, repeatahility, and stahility of irmadia.
Fewailabie cniline: OOCT
tians. The second aonsists of perfarming s pecial quality assurance procedune priar to irradiation

Matrriak and Methoads: The Oriatran eRT6 (PMB-Alen, France] is an experimental high dose-per-pulse
linexr acoleratar, delivering a 6 MeV pubed dectran beam with mean dase-rates, ranging from a few
Gy/min up to thousands of Gy/s Absolute dosimetry is investigated with alanine, thermo-luminesc=nt
dasimeter s (TLD) and radiochromic films as well as an ionization chamber far relative stability. Thebeam
characteristic and dosimetry are prepared for three different setups.
Results: A cross-check between alanine, films and TID revesled 2 dose agresment within T for dase.
rates hetwesn (U078 Gy 5 and 1050 Gyk, showingthat these dosimeters aresuituhle for ahsalute d osi me.
try for FLASH-RT. In absence of appropriate setup dependent carmections. active dosimetry can reveal
dose deviations upta 15K of the presoibed dose. These differenaes reduce to les than 3% when our dasi
metric procedure s applied
Concludon: ‘We developed proced ures to acourately imradiate biological models Our method is based an
walid ated abmo hute dosimeters and extends their use to routine FLASH i madiations. We reached an agres-
ment af 3 between the deliversd and prescribed dose and developed the requirements nesded for wark
flows of preclinical and dinicl studies.

& 2019 Esevier BV All rights reserverd. Radio therapy and Oncology xoo {301 9) xooc-aoo




Development of procedures for pre-clinical FLASH-RT irradiation

For routine irradiation, beam characteristic and dosimetry are standardized
for three different setups:

(b) zebrafish embryos

(c) mini-pig irradiation

¢ : in vivo dosimeters



Perspectives — iIssues —nheeds - hopes

« No microsecond monitoring: we are currently developing monitoring
devices, in order to circumvent the passive dosimeters issues and improve

irradiation flow.

« Active dosimeters are needed for clinical transfer: UHDpulse will provide
calibration and test facilities = development of international protocols.

 The FLASH-RT multidimensional space is defined biologically (FLASH
effect). We need to explore further the boundaries of this new territory.

« We need irradiation facilities having very flexible beam characteristics.



Questions?

THANK YOU FOR YOUR ATTENTION




