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Purpose: The aim of this study is to propose an algorithm for the automated calculation of water-
equivalent diameter (D,y) and size-specific dose estimation (SSDE) from clinical computed
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retrospectively acquired by the Toshiba Aquilion 128 CT scanner. The proposed algorithm consisted of a
contouring stage for the D,, calculation, carried out by taking the six largest objects in the cross-
sectional image of the patient's body, followed by the removal of the CT table depending on the center
position (y-axis) of each object. Validation of the proposed algorithm used images of patients who had
undergone chest examination with both arms raised up, one arm placed down and both arms placed
down, images of the pelvic region consisting of one substantial object, and images of the lower
extremities consisting of two separated areas. Results: The proposed algorithm gave the same results
for D,y and SSDE as the previous algorithm when images consisted of one substantial body part.
However, when images consisted of more than one substantial body part, the new algorithm was able
to detect all parts of the patient within the image. The D,, values from the proposed algorithm were
9.5%, 15.4%, and 39.6% greater than the previous algorithm for the chest region with one arm placed
down, both arms placed down, and images with two legs, respectively. The SSDE values from the
proposed algorithm were 8.2%, 11.2%, and 20.6% lower than the previous algorithm for the same
images, respectively. Conclusions: We have presented an improved algorithm for automated
calculation of Dy, and SSDE. The proposed algorithm is more general and gives accurate results for
both D, and SSDE whether the CT images contain one or more than one substantial body part. © 2021
The Authors. Journal of Applied Clinical Medical Physics published by Wiley Periodicals LLC on behalf
of American Association of Physicists in Medicine
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Abstract

Purpose: We performed quantitative analysis of differences in deformable
image registration (DIR) and deformable dose accumulation (DDA) computed on
CBCT datasets reconstructed using the standard (Feldkamp-Davis-Kress: FDK_
CBCT) and a novel iterative (iterative_CBCT) CBCT reconstruction algorithms.
Methods: Both FDK_CBCT and iterative_ CBCT images were reconstructed for
323 fractions of treatment for 10 prostate cancer patients. Planning CT images
were deformably registered to each CBCT image data set. After daily dose dis-
tributions were computed, they were mapped to planning CT to obtain deformed
doses. Dosimetric and image registration results based CBCT images recon-
structed by two algorithms were compared at three levels: (A) voxel doses over
entire dose calculation volume, (B) clinical constraint results on targets and sen-
sitive structures, and (C) contours propagated to CBCT images using DIR results
based on three algorithms (SmartAdapt, Velocity, and Elastix) were compared
with manually delineated contours as ground truth.

Results: (A) Average daily dose differences and average normalized DDA dif-
ferences between FDK_CBCT and iterative_CBCT were <1 cGy. Maximum daily
point dose differences increased from 0.22 + 0.06 Gy (before the deformable
dose mapping operation) to 1.33 + 0.38 Gy after the deformable dose map-
ping. Maximum differences of normalized DDA per fraction were up to 0.80 Gy
(0.42 + 0.19 Gy). (B) Differences in target minimum doses were up to 8.31 Gy
(-0.62 + 4.60 Gy) and differences in critical structure doses were 0.70 + 1.49 Gy.
(C) For mapped prostate contours based on iterative_CBCT (relative to standard
FDK_CBCT), dice similarity coefficient increased by 0.10 + 0.09 (p < 0.0001),
mass center distances decreased by 2.5 + 3.0 mm (p < 0.00005), and Hausdorff
distances decreased by 3.3 £ 4.4 mm (p < 0.00015).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
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© 2021 The Authors. Journal of Applied Clinical Medical Physics published by Wiley Periodicals LLC on behalf of American Association of Physicists in

Medicine

J Appl Clin Med Phys. 2021;22:37—-48.

wileyonlinelibrary.com/journal/acm2 37

SoonIE 88000V uadQ) 10§ 1daoxa ‘paptuiiad Jou AOLS SI UOHNQLISIP PUE asn-3y “[1202/01/87] U0 -(JNdV'Y) SUIDIPIIAL UI SISIDISAY JO UOHBIDOSSY UBdLIOWY Ag] W0 Ad[im Areiqraurjuo-widee,/:sdpy woiy papeoiumod ‘7z ‘1207 P16697S1



Received: 17 September 2020

Revised: 17 October 2020

Accepted: 16 June 2021

DOI: 10.1002/acm2.13347

RADIATION ONCOLOGY PHYSICS

JOURNAL OF APPLIED CLINICAL

MEDICAL PHYSICS

Evaluation of dosimetric functions for a new '®*Yb HDR
Brachytherapy Source

Elham Safaeipour' | Hosein Poorbaygi’ | IrajJabbari' | Shahab Sheibani?

"Department of Nuclear Engineering,
Faculty of Advanced Science &
Technologies, University of Isfahan,
Isfahan, Iran

2Radiation Application Research School,
Nuclear Science and Technology
Research Institute, Tehran, Iran

Correspondence

Hosein Poorbaygi, Radiation Application
Research School, Nuclear Science and
Technology Research Institute, Tehran,
Iran.

E-mail: hpoorbaygi@gmail.com

1 | INTRODUCTION

A '89Yb brachytherapy source with a half-life of
32 days is used in both permanent and temporary
implant method and recently has taken into con-
sideration in radiation therapy because '®°Yb is an

Abstract

'%%Yb has been recently used as an HDR brachytherapy source for cancer
treatment. In this paper, dosimetric parameters of a new design of '%°Yb HDR
brachytherapy source were determined by Monte Carlo (MC) method and film
dosimetry. In this new source, the radioactive core has been encapsulated twice
for safety purposes. The calculations of dosimetric parameters carried out using
MC simulation in water and air phantom. In order to exclude photon contamina-
tion's cutoff energy, & was set at 10 keV. TG-43U1 data dosimetric, including S,,
A, g(r), F(r, ©) was computed using outputs from the simulation and their statisti-
cal uncertainties were calculated. Dose distribution around the new prototype
source in PMMA phantom in the framework of AAPM TG-43 and TG-55 rec-
ommendations was measured by Radiochromic film (RCF) Gafchromic EBT3.
Obtained air kerma strength, Sk, and the dose rate constant, /A, from simulation
has a value of 1.03U + 0.03 and 1.21 cGyh™'U™ + 0.03, respectively. The radial
dose function was calculated at radial distances between 0.5 and 10 cm with a
maximum value of 1.15 + 0.03 at 5—6 cm distances. The anisotropy functions for
radial distances of 0.5—7 cm and angle distances 0° t0180° were calculated. The
dosimetric data of the new HDR '®Yb source were compared with another refer-
ence source of "*®Yb-HDR and were found that has acceptable compatibility. In
addition, the anisotropy function of the MC simulation and film dosimetry method
at a distance of 1 cm from this source was obtained and a good agreement was
found between the anisotropy results.

KEYWORDS
89Yp HDR source, brachytherapy, dosimetric parameters, film dosimetry, Monte Carlo

intermediate energy photon emitter (main photon
emissions in the range of 50-300 keV, emission
probability weighted mean energy of 93 keV).?
Because of its attractive properties including high
specific activity and easy radiation protection, this
source is emerging as an alternative source in high
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