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\ Introduction — FLASH radiotherapy

UHDpulse

* FLASH radiotherapy is a radiation modality under
development. If the prescribed dose is delivered at
ultra-high dose rate in very short time, then the
healthy tissue is spared, while the curative effect on
the tumor is maintained

Reduced pig skin toxicity
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Vozenin et al., Clin Cancer Res 25 (2019) 35
https://doi.org/10.1158/1078-0432.CCR-17-3375
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\ Introduction — FLASH radiotherapy

UHDpulse
* The number of institutes interested Publ?med S "FLASH radiotherapy”
in FLASH radiotherapy and the &
. Ad d Create alert Create RSS
number of FLASH papers published TAMEES. s oot SRal
per year increasing exponentially.
Save Email Send to
* Regardless of whether FLASH will
play a significant role in radiotherapy MY NCBI FILTERS [ 56 results
in the future or not, there is just now /
an urgent need for traceable RESULTS BY YEAR [ ] FLASH radiotherapy: ultra-high dose rates 1
. . de Kruijff RM.
dosimetric measurements. 3 : .
¢ &, Reset Cite  IntJRadiat Biol. 2020 Apr;96(4):419-423. doi: 10.1080/095
PMID: 31829765 Review.
/ SHiaee A recent addition to the treatment options in external bea
l shows remarkable healthy-tissue-sparing properties in a 1
il
O'— impacting the overall treatment efficacy. ...This review will
2013 2021
TEXT AVAILABILITY [ ] Clinical translation of FLASH radiotherapy:
2 Bourhis J, Montay-Gruel P, Gongalves Jorge P, Bailat C, Pe
D Abstract " Bochud F. Moeckli R, Germond JF. Vozenin MC
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\ Introduction - Metrological challenge

UHDpulse

Due to ultra-high dose rates
and pulsed structure of the
beams, tools and methods
established in dosimetry for
conventional radiotherapy are
not suitable.

There are

* no active dosimeters for
real-time measurements

* no formalism (Codes of
Practice) for reference
dosimetry

* no corresponding primary
standards
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Petersson et al., Med Phys 44 (2017) 1157
https://doi.org/10.1002/mp.12111
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\% Introduction - Partners and Collaborators
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http://www.protonsinspire.eu/
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\% Achievements — FLASH dosimetry with ion chambers
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e USC as well as PTW developed theoretical models for the calculation of the charge collection
efficiency of plane parallel ionization chambers at ultra-high dose per pulse. Results from both

simulations agree with each other and with experimental data measured at PTB.
https://indico.ific.uv.es/event/5983/contributions/13896/
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* PTW together with PTB
investigated the performance of
plane parallel ionization chamber
prototypes with different
electrode distance at ultra-high
dose per pulse. The reduction of
the electrode distance helps to
increase the ion collection
efficiency.
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\% Achievements — FLASH dosimetry with ion chambers

Kranzer et al. Med. Phys. 2021
https://doi.org/10.1002/mp.14620
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\% Achievements — FLASH dosimetry with ion chambers
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\% Achievements — FLASH dosimetry with calorimeters
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* PTB together with Sun
Nuclear and NRC investigated
the performance of a Graphite
Probe Calorimeter prototype

stillunpublished |

Dose per pulse detector (Gy)

_ o 0 1 2 3 4 5 6
intended for application in the Dose per pulse reference (Gy)
clinic. The detector shows Prototype of a Graphite Probe Detector response vs. dose reference
linear response in the FLASH Calorimeter from Sun Nuclear without from alanine/monitor. Calorimeter as
range. its waterproof housing next to a Farmer well as Advanced Markus chamber
chamber as a size comparative. (without ion recombination correction)
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\% Achievements — FLASH dosimetry with diamonds
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\% Achievements — dosimetry for laser driven beams
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i _ . E
gltra high dose laser-driven G 208785 |
ion beam pulses. Pulses
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Accumulative time [s]

Radiation induced temperature rises of one of
the core thermistors for first laser shot

Romano et al 2020 J. Phys.: Conf. Ser. 1662 012028
https://doi.org/10.1088/1742-6596/1662/1/012028
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* NPL as well as PTW
together with
Universitat
Oldenburg
investigated VHEE
beam dosimetry
under ultra-high
dose rate conditions
at CERN.

S

ion recombination correction factor k

McManus et al. Sci Rep 10, 9089 (2020)

\% Achievements — VHEE dosimetry
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Poppinga et al. 2021 Biomed. Phys. Eng. Express 7 015012

https://www.nature.com/articles/s41598-020-65819-y https://doi.org/10.1088/2057-1976/abcae5
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\% Achievements — Proton FLASH traceability

& "% Cincinnati

" Children’s’

NPLE

National Physical Laboratory

* NPL has conducted an
experimental campaign at Newsroom
Cincinnati’s Children Proton
Therapy Centre, where
traceability to the NPL —

portable graphite primary 2020

Coronavirus (COVID.- 19} Madia

Announcements

standard has been provided 2019
for their FLASH proton beam. =
The centre was then allowed

Stay Connected

Contact Us

to start the first clinical trial of
FLASH proton therapy in
human patients.

HOME | NEWSROOM ! NEWS RELEASE / 2020

_ Cincinnati Children’s/UC Health Center first to test new cancer

Patients and Family Healthcare Professionals Researchers Search Q

CINCINNATI CHLDREN'SAIC HEALTH CENTER FIRST TO TEST NEW CANCER THERAPY THAT TAKES LESS THAN 1 SECOND

/ therapy that takes less than 1 second

Proton Therapy Center conducting clinical trial of ‘FLASH therapy’ in people

[hursday, November 15, 2020

Ihe Cincinnat Children'sUC Health Proton Therapy Center has begun the

world's first clnical trial of FLASH radiation therapy for cancer.

FLASH S 2 new made of radation therapy that can be delivered 1o a2 pabent
n as littke as a single session that lasts less than 1 second, compared with
e dose over minutes

tradimonal radabon herapy delivery of the sarny

prechucal testing, |

ASIH radiotherapy has been shown 1o potenhally

reduce side effects experienced with conventional radiation. Howeves, until

recently the technology to generate FLASH radiation for tumors inside the -
%A
<

The Froton Therapy Center includes a fully operationa

oody did not exest for cancer patients

Now, researchers at the Praton Tnerapy Center — in partnership vath Vanan

Vedical Systemns, a provider of cancer care technologies and solutions — are
praton treztment room dedicated exclusively to research

elivery of FLAS!

i=ing this new technology to study d radiotherapy for

man cancers
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\% Achievements — measurement of pulsed stray radiation
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« ADVACAM developed a new
prototype detector for the
real-time measurement of

) gy, e,
s Y i RN

pulsed stray radiation. The ,-, _
device was tested together MiniPIX TPX3 Flex in a water phantom in an ultra-high dose
with CMI in a FLASH proton rate proton beam
beam at HZDR.
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\ Impact

UHDpulse

e All Partners and some Collaborators
(altogether 26 institutions) have
written a joint overview paper
describing the motivation and goals
of the UHDpulse project and
providing details on the state-of-
the-art of the radiotherapy using
particle beams with ultra-high
pulse dose rates.

Physica Medica 80 (2020) 134-150

Gontents lists available at ScienceDirect

i Journal
P

Physica Medica e ||

journal homepage: www.elsevier.com/locate/ejmp

Original paper

The European Joint Research Project UHDpulse — Metrology for advanced
radiotherapy using particle beams with ultra-high pulse dose rates

Andreas Schiiller * , Sophie Heinrich b, Charles Fouillade b, Anna Subiel ©, Ludovie De Marzi b, d,
Francesco Romano ©°, Peter Peier f, Maria Trachsel f Celeste Fleta®, Rafael Kranzer h’i_.

Marco Caresana’, Samuel Salvador *, Simon Busold ', Andreas Schénfeld ™, Malcolm McEwen ™,
Faustino Gomez °, Jaroslav Solc P, Claude Bailat 9, Vladimir Linhart*, Jan Jakubek ",

Jorg Pawelke ', Marco Borghesi ", Ralf-Peter Kapsch®, Adrian Knyziak ", Alberto Boso®,
Veronika Olsovcova ™, Christian Kottler’, Daniela Poppinga “, Iva Ambrozova *,

Claus-Stefan Schmitzer”, Severine Rossomme °, Marie-Catherine Vozenin 9

* Phyzikalizch- Technizche Bundesanstalt (PTB), Braunschweig, Germany

" Instirur Curie, Centre de Recherche, Inserm U 102]-CNRS UMR 3347, Orzay, France

© National Physical Laboratory (NFL), Teddington, United Kingdom

9 Institut Curie, Centre de protontherapie d'Orsay (CPQ), Orzay, France

© Istitute Nagionale di Fisica Nucleare (INFN), Sexione di Catania, Catania, Italy

f Bidgendssisches Institue fiir Metrologie (METAS), Bern-Wabern, Swirzerland

& Centro Nacional de Microelectronica (CSIC-CNM), Barcelona, Spain

hF"]"\’\’-Frcﬂnu’g. Fretburg, Germany

! University Clinic for Medical Radiation Physics, Medical Campuz Pius Hospital, Carl ven Ossieky University Oldenburg, Germany
) politecnico di Milano (PoliMi), Milano, Italy

k Laboratoire de Physique Corpusculaire de Caen (LPC-CAEN), Normandie Univ, ENSICAEN, UNICAEN, CNRS/IN2P3, 14000 Caen, France
! Varian Medical Systems, Troisdorf, Germany

™ Sun Nuclear Corp., Melbourne, USA

" Joniring Radiation Standards, National Research Council of Canada (NRC), Omawa, Canada

© Universidad de Santiago de Compestela (USC), Santiage de Compostela, Spain

F Ciech Metrology Institute (CMI), Brno, Cgech Republic

9 Gentre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switverland

" ADVACAM cr.e, Praha, Crech Republic

* Helmholt-Zentrum Dresden — Rossendorf (HEDR), Institute of Radiconcology — OncoRay, Dresden, Germany

' National Center for Radiation Research in Oncelogy (OncoRay), Faculty of Medicine and University Hospiral, Technische Universitar Dresden, Dresden, Germany
" Queen's Universiey Belfast (QUE), Belfase, Unired Kingdom

¥ Central Office of Measures (GUM), loniging Radiation Laberatory, Warssawa, Poland

“ ELI Beamlines, Fyeikalni useav, Praha, Czech Republic

* Nuclear Phyzics Institute of the CAS (NPI), Prague, Ceech Republic

¥ EBG MedAusmon, Wiener Neustadr, Austria

* [BA Dorimetry, Schwarzenbruck, Germany

https://doi.org/10.1016/j.ejmp.2020.09.020
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e CHUV, PTB, Institut Curie, and NPL
organize on behalf of UHDpulse
consortium the conference “FLASH
Radiotherapy & Particle Therapy”
(FRPT2021) together with the INSPIRE
project, an integrating activity for

European research in proton beam ‘ ! ‘ - ' e ~ B .'.-'..-
therapy. There will be FRPT2021 m popyies (SN EIRIRENCS N Pt i,
special issues in “Radiotherapy & .T—I? B : :
Oncology” and in “Physica Medica”. 1 httos://frot-conference.ore/
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* Further and up-to-date information about
the UHDpulse project can be found on the
project website:

UHDpulse

http://uhdpulse-empir.eu/

contact:
andreas.schueller@ptb.de

* X % /—\.
EMPIR &l ==

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.
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