FLASH N

NPLE
RADIOTHERAPY

National Physical Laboratory
& PARTICLE
THERAPY

ST

DEVELOPMENT AND TEST OF A SMALL PORTABLE
GRAPHITE CALORIMETER FOR USE IN ULTRA-HIGH
DOSE RATE PARTICLE BEAMS

R A S Thomas?, A Lourenco®?, N D Lee?, F Romano?, H Palmans'#, E Lee>%, ) Speth®, A Mascia>®, R A Amos?, A Subiel?

INational Physical Laboratory, Hampton Road, Teddington, Middlesex, TW11 OLW, UK

2Department of Medical Physics and Biomedical Engineering, University College London, London, WC1E 6BT, UK
3Instituto Nazionale di Fisica Nucleare, Sezione di Catania, Catania, Italy

4“MedAustron lon Therapy Center, Marie Curie-Strasse 5, 2700 Wiener Neustadt, Austria

SUniversity of Cincinnati, Department of Radiation Oncology, Cincinnati, OH, USA
8University of Cincinnati Medical Center/Cincinnati Children’s Hospital Medical Center Proton Therapy Center, Liberty Township, OH, USA

Endorsed by

" MEdAUSUOI‘Im EPTB ESTM FRPT-Conference.org

institut

i Mk a  (Biophysics mv EMNR

-
KENES it
The Christie
.J GROUP TR et

NHS Foundation Trust




Faculty Disclosure Alaicar

THERAPY __ ‘

» Research part funded by the EMPIR programme co-financed by the
Participating states from the European Union’s Horizon 2020 research

and innovation programme (18HLT04 UHDpulse)
* Work supported by the UK’s National Measurement System (NMS)
programme

* Assistance with travel costs through Cincinnati Children's Hospital
provided by Varian
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The Visit

Invitation to make measurements
with our calorimeter in the
research beam line at the
Cincinnati Children’s Hospital —
February 2020
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Methods

* High-dose rate (¥65Gy/s)
* 8rectangular fields of 250 MeV single layer (5x6 — 5x12 cm?)

* Five

Treat bone metastasis of extremities using the plateau
region

experimental setups:
Portable Proton Primary Standard Graphite Calorimeter
Gafchromic EBT3 film
Alanine
lonisation chambers (PTW Advanced Markus and IBA
PPCO5)
Small Portable Graphite Calorimeter

* Reference points at Isocentre and WET of 5 gcm™2

Eunsin and Lourenco et al., AAPM 2020
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scanning - cyclotron

Temperature of the core during quasi-adiabatic run
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FLASH

Gafchromic EBT3 film e 0

* Films were subjected to 250 MeV FLASH proton beam
in a 30 x 30 x 30 cm3 RW3 solid water phantom at a
WET of 5 gcm™

* Several field sizes in the range 5 x 6 cm?up to 5 x 12
cm? with 5 mm pencil beam spacing

* Films were digitized in a 48-bit RGB signal with 150 dpi
spatial resolution using an Epson Expression 10000XL
flatbed scanner operating in the transmission mode
without colour corrections

= 5x6.cm? ) T * 1x1 cm?ROl at the beam central axis used for analysis
= 5x8 cm?
*  **includes only statistical analysis of analysed films
= 5x10 cm? “human”
= 5x12 cm? fields NOTE: Film 5 looks like an outlier. From the log file received from Varian it looks
= 6x5cm?2 like the dose delivered was approx. 8 Gy. An explanation is not available at this

= 12x5 cm? stage but is undergoing investigation

5x 6 cm? 12x5 cm?

[Publications of these results are in preparation]
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Alanine EF"PT

2 24)
* Alanine pellets were arranged in a stack in a Measured absorbed dose to water

Farmer-type holder in an RW3 phantom at a WET with alanine:
of 5 gcm™. )

* Dose delivered was averaged for the 5
independent exposures. No kg, factor has been
applied to alanine readouts as the pellets were
positioned in the plateau region of the PDD.

[Publications of these
results are in preparation]
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lonisation Chamber Data = 2T
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* Measurement data was acquired from two different types of ionisation chamber, PTW
Advanced Markus and IBA PPC-05, following the recommendations of the IAEA TRS

398 Code of Practice

* The chambers were positioned in a 30 x 30 x 30 cm3 RW3 solid water phantom with
the effective point of measurement of each chamber positioned on the beam
isocentre at a water equivalent depth of 5 gcm2

[Publications of these results are in preparation]
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Portable Proton Primary Standard Graphite Calorimeter
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Originally developed for use with conventional proton beams, the control and analysis
software was reconfigured to enable it to be used with UHDR particle beams

Consists of graphite discs arranged in a nested construction, maintained under vacuum

Operated in quasi-adiabatic mode, thermistors detect changes in temperature of the
graphite created by energy absorbed from the radiation beam allowing derivation of

absorbed dose

The core of the calorimeter was positioned at the isocentre with graphite plates placed
in front to position the core at a WET of 5 gcm™

NHS Foundation Trust LRSSty classchener)

Vacuum vessel - O ring seal
graphite mantle

Annular PCB
Outer jacket

Inner jacket

Tubes containing wires,

leading to vacuum system Core

[Publications of these
results are in preparation]
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Small Portable Graphite Calorimeter FHPT
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* Originally developed for use with the Clatterbridge ocular proton beam BPARTCLE {
(Palmans et al. 2002). The device was refurbished and integrated with
the current control and analysis software developed for UHDR particle

beams

* Thermistors are embedded around the circumference of both graphite
components

* Operates only in quasi-adiabatic mode

* The core of the calorimeter was positioned at the isocentre with
graphite plates placed in front to position the core at a WET of 5 gcm™
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[Publications of these results are in preparation]
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Conclusion FF\'PT

FLASH

RADIOTHERAPY ‘ ‘ P
& PARTICLE /4| /

THERAPY __

* The results presented show agreement between the PPPSGC and the IC, Film
and Alanine varies between 0.5% and 3.4%, k=1

* Agreement between the SPGC and PPPSGC is within 0.05%, k=1

* Proof-of-concept of how a simple calorimeter may be an effective tool in the
clinic to accurately determine absorbed-dose delivered to the target at a
significantly reduced measurement uncertainty compared to other techniques
or used to determine correction factors for IC

* This work will support in producing future recommendations for dosimetry
protocols for FLASH measurements

* Supported Cincinnati Children's hospital by giving them confidence in their
dosimetry to move forward with commencing their clinical trials

* Based on this work a prototype, low cost, secondary standard calorimeter has
been developed [publication in preparation]

b INHS|
o The Christie
.J croup  The Christie e Y - G -y P institutCurie

Biophysics ﬂv E»M..PLB EM'M % " L — W MedAustron®  EEPTB Eﬁfﬁ'

FRPT-Conference.org



L FReT
Thank you for listening e )

THERAPY __

~ ~
INHS| MANCHESTER Biophysics uv EMPIR H = % " InsplrePrOJect (i3] O MEdAUSTFOﬂm !PTB E‘é’ﬁsﬁj

KENES e =5
. The Christie = e e s
.d croup e s roeryofanctacar T e R R 2 institutCurie FRPT-Conference.org




