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Comparison of using CBCT with CT Simulator for Radiation dose of Treatment Planning
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Abstract

The use of cone-beam computed tomography(CBCT) has been proposed for guiding the
delivery of radiation therapy. A kilovoltage imaging system capable of radiography, fluoroscopy,
and cone-beam computed tomography(CT) has been integrated with a medical linear accelerator.
A standard clinical linear accelerator, operating in arc therapy mode, and an amorphous-silicon
(a-Si) with an on-board electronic portal imager can be used to treat palliative patient and verify
the patient’s position prior to treatment. On-board CBCT images are used to generate patient
geometric models to assist patient setup. The image data can also, potentially, be used for dose
reconstruction in combination with the fluence maps from treatment plan. In this study, the
accuracy of Hounsfield Units of CBCT images as well as the accuracy of dose calculations based
on CBCT images of a phantom and compared the results with those of using CT simulator
images. Phantom and patient studies were carried out to evaluate the achievable accuracy in
using CBCT and CT stimulator for dose calculation. Relative electron density as a function of
HU was obtained for both planning CT stimulator and CBCT using a Catphan-600 (The
Phantom Laboratory, USA) calibration phantom. A clinical treatment planning system was
employed for CT stimulator and CBCT based dose calculations and subsequent comparisons. The
dosimetric consequence as the result of HU variation in CBCT was evaluated by comparing
MU/cCy. The differences were about 2.7% (3-4MU/100cGy) in phantom and 25%
(1-3MU/100cGy) in patients. The difference in HU values in Catphan was small. However, the
magnitude of scatter and artifacts in CBCT images are affected by limitation of detector’'s FOV
and patient’s involuntary motions. CBCT images included scatters and artifacts due to In addition
to guide the patient setup process, CBCT data acquired prior to the treatment be used to
recalculate or verify the treatment plan based on the patient anatomy of the treatment area. And
the CBCT has potential to become a very useful tool for on-line ART.)
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on—board imager mounted in orthogonal
to the megavoltage beam direction
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H 1. Comparison of CT number in relative
electron density (water=1)

Material CT number (Deviation)
(Electron density) Sim CT CBCTFF CBCTHF
Air (0) —995(7.47) -998(1.64) -988.0(9.34)
PMP (0.83)  -183(6.02) -201(9.40) -205(10.74)
LDPE (0.92)  -91.6(599) -97(10.33) -97(10.80)
P°"(/1Stgysr)e”e -33.1(6.38) -49(9.08)  -49(20.67)
Acryic (1.18)  126.7(6.33) 107(7.22)  132(11.90)
Delrin (1.41)  350.5(10.23) 357(14.66) 348(10.84)
Teflon (2.16)  951.3(7.83) 999(11.68) 977(11.78)

H 2. Comparison of Hounsfield unit(HU) in the
homogeneous phantom

Min ~ Max Mean SD

Noise(%) ~diff(mean)

SimCT -86 -30 -582 6.87 11.79 0
CBCTFF -152 -58 -100.7 11.62 11.53 -42.5
CBCTHF -185 -65 -125 15,13 12.11 —68.8
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Tissue Mean SD Nose(%) diff
e SmCT CBCT SmCT CBCT SmCT CBCT (mean)
Brain 332 -149 9.06 13.98 27.29 93.8 -48.1
Lung -798.7 -896.6 27.11 43.62 3.39 487 -97.9
Spine 176.4 1142 46.05 73.29 26.11 64.16 -62.2
Muscle 66.6 64.8 12.98 26.44 19.49 40.84 -1.8
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Brain Lung Prostate (BOX)
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Sim CT 64 63 39 41 41 27 37 36 27
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