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Formalism
Standard Reference Dosimetry Protocols
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Beam Quality

Standard Reference Dosimetry Protocols
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Beam Quality Correction

Standard Reference Dosimetry Protocols
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Complications in
Magnetic Fields
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Beam Quality Determination

Complications in Magnetic Fields
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Pure Photon Beam  dpqe %dd(10), TPR3)
No magnetic field 1.85 71.4 0.697
1.5 T magnetic field 1.30 69.7 0.695
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* O'Brien et al. (2016). "Reference dosimetry in magnetic fields:
formalism and ionization chamber correction factors." Med. Phys.

43(8), 4915-4927 .
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Air Gap Effect

Complications in Magnetic Fields

aQ  Air between
2 chamber and insert

Solid
phantom

Central
electrode

Outer electrode
of chamber

* (Adapted) Hackett et al. (2016). "Consequences of air around an
ionization chamber : Are existing solid phantoms suitable for reference
dosimetry on an MR-linac?" Med. Phys. 43(7), 3961-3968
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* O'Brien et al. (2017). "Monte Carlo study of the chamber-phantom air gap
effect in a magnetic field." Med. Phys. 44(7), 3830-3838
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Calibration Phantoms
Complications in Magnetic Fields
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\LORIMETER ~
S IN AN MRI-

New facility supp
MRI-guided radic

A new electromagnet at the National Physig
enable research supporting MRI-guided rad

U7JD/Z&
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Radictherapy treats cancer by focusing beams
radiation on a tumeour, killing cancercus cells by CarT ]
their DNA. Radiation delivery must be tightly controlled to
minimise damage to the surrounding healthy tissue.
Typically, X-ray based technigues are used to image a
patient immediately before treatment to direct the
radiation. But tumours move and deform inside a patient's
body with bodily functions such as breathing, and can
shift and change in size over the course of treatment.

FIRST WATER CALORIMETER MEASUREMENTS IN AN MRI-LINAC

MRI-guided radioth id I-time i
guicec radioinerapy provides rea-time magss A leap towards traceable dosimetry for MR-guided radiotherapy

during a patient’s treatment, and offers more detailed and
higher contrast images for the identification of tumours
and soft tissues. This boosts tumour targeting accuracy,
reducing side-effects and increasing survival rates.
Currently untreatable cancers, such as kidney and pancreatic tumours, which can't be accurately tracked
during treatment, may become treatable.
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A team of researchers from VSL Dutch Metrology Institute and the University Medical Centre Utrecht have, for the first time ever, carried
out calorimetric absorbed dose to water measurements in a 1.5 T magnetic field of an Elekta Atlantic MRI-linac. The measurements that



Formalism
Adaptation Strategies
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Ion Chamber Orientation

* O'Brien et al. (2016) Med. Phys. 43(8), 4915-4927
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Published values of k;
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#1 O'Brien, D J et al. “Reference dosimetry in magnetic fields: formalism and ionization
chamber correction factors.” Medical physics vol. 43,8 (2016): 4915.
doi:10.1118/1.4959785

# Van Asselen, Bram, et al. "A formalism for reference dosimetry in photon beams in the
presence of a magnetic field." Physics in Medicine & Biology 63.12 (2018): 125008.

# 3 Malkov, Victor N, and D W O Rogers. “Monte Carlo study of ionization chamber
magnetic field correction factors as a function of angle and beam quality.” Medical
physics vol. 45,2 (2018): 908-925. doi:10.1002/mp.12716
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Published values of k;

# 1 Tasre III. lonization chamber magnetic field correction factors and their
statistical uncertainties (rounded to the nearest (.05%) for three orientations:
parallel (k g'"““]; clockwise perpendicular (k g:“}; and counter-clockwise
perpendicular (k g"“”].

Uncertainty

QTI'IH-F QH.'L‘\'I.' QTI'LHT

Detector k B, k B k B (%)
PTW 30013 0.994 0.961 0.976 0.15
PTW 30012% 0.992 0.958 0.970 0.25
PTW 30011% 1.000 0.958 0.968 0.25
PTW 30010* 0.996 0.961 0.975 0.25
NE2571% 1.003 0.962 0.973 0.20
NE2571 1.001 0.962 0.973 0.15
Exradin A19 1.005 0.962 0.956 0.25
*Chambers modeled with a | mm thick layer of PMMA representing a water-proof
sleeve.

O'Brien, D ] et al. “Reference dosimetry in magnetic fields: formalism and ionization chamber correction factors.” Medical physics vol. 43,8 (2016): 4915. doi:10.1118/1.4959785

16 | Focus where it matters O Elekt(]

© 2019 Elekta all rights reserved. Confidential and proprietary information.



Published values of k;

Table2. Theks, g and kg of the UMC Utrecht data compared with the reported data in the literature based on measurements (M) and
# 2 Monte Carlo (MC) calculations for two ionization chamber models. Uncertainties are shown between brackets as the least significant digit
of the reported value. All uncertainties are of Type A, i.e. based on statistical methods only, except for de Prez et al, which includes Type B
errors as well.
Chamber type Reference TPR20,10 ks, .0 ks,.q
PTW 30013 UMC Utrecht M 0.701 0.963(2) 0.992(2)
de Prez et al (2016b) M 0.702 0.961(7)
O’Brien et al (2016) MC 0.695 0.976(1) 0.994(1)
0.961(1)
Malkov et al (2017a) MC 0.695 0.988(1)
Spindeldreier et al (2017) MC 0.674 0.954(3) 0.993(3)
0.959(3)?
IBA FC65-G UMC Utrecht M 0.701 0.952(2) 0.997(3)
de Prez et al (2016b) M 0.702 0.951(7)
Malkov et al (2017a) MC 0.695 0.992(1)
* Result obtained with chamber in the perpendicular orientation as shown in figure 2, but with the magnetic field in the opposite
direction.

Van Asselen, Bram, et al. "A formalism for reference dosimetry in photon beams in the presence of a magnetic field." Physics in Medicine & Biology 63.12 (2018): 125008.
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Published values of k;

#3 TasLE V. The ||, orientation kg values of O’Brien et al. and this work, and
Akp the percent difference between those values. The NE2571 is simulated
with a waterproof sleeve

O’Brien et al." kg This work kz Akg (%)
PTW 30013 (0.994(2) 0.9881(6) 0.6 £ 0.2
PTW 30012 0.992(3) 0.9870(6) 0.5 4+ 0.3
PTW 30011 1.000(3) 0.9920(6) 0.8 4+ 0.3
PTW 30010 0.996(3) 0.9871(6) 09 4 0.3
NE2571" 1.001(2) 0.9888(7) 1.2 4+ 0.2
Exradin A19 1.005(3) 1.0007(8) 04 4 0.3
18 | Focus where it matters Malkov, Victor N, and D W O Rogers. “Monte Carlo study of ionization chamber magnetic field correction factors

as a function of angle and beam quality.” Medical physics vol. 45,2 (2018): 908-925. doi:10.1002/mp.12716
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Reference Conditions
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Reference Conditions
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- Isocenter @ depth d, ., (1.3 cm) X recommendation e )
- Isocenter @ depth 5 cm X recommendation —

- Isocenter @ depth 10 cm

« FrUTJL -3 EEMNENZE, EINNE<RDROLDSRERICIRD,
- KDEL\gun duty cycle (~99% for depth 10 cm)., CNIEX IR O (CEEAMNND., HFinZziEshDageEN S B,
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Absolute Dosimetry
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