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In stereotactic body radiotherapy (SBRT), the accurate location of treatment sites should be guaranteed from
the respiratory motions of patients. Lots of studies on this topic have been conducted. In this letter, a new
verification method simulating the real respiratory motion of heterogenous treatment regions was proposed to
investigate the accuracy of lung SBRT for Volumetric Modulated Arc Therapy. Based on the CT images of lung
cancer patients, lung phantoms were fabricated to equip in QUASAR™ respiratory moving phantom using 3D
printer. The phantom was bisected in order to measure 2D dose distributions by the insertion of EBT3 film. To
ensure the dose calculation accuracy in heterogeneous condition, The homogeneous plastic phantom were also
utilized. Two dose algorithms; Analytical Anisotropic Algorithm (AAA) and AcurosXB (AXB) were applied in plan
dose calculation processes. In order to evaluate the accuracy of treatments under respiratory motion, we analyzed
the gamma index between the plan dose and film dose measured under various moving conditions; static and
moving target with or without gating. The CT number of GTV region was 78 HU for real patient and 92 HU for
the homemade lung phantom. The gamma pass rates with 3%/3 mm criteria between the plan dose calculated
by AAA algorithm and the film doses measured in heterogeneous lung phantom under gated and no gated beam
delivery with respiratory motion were 88% and 78%. In static case, 95% of gamma pass rate was presented.
In the all cases of homogeneous phantom, the gamma pass rates were more than 99%. Applied AcurosXB
algorithm, for heterogeneous phantom, more than 98% and for homogeneous phantom, more than 99% of
gamma pass rates were achieved. Since the respiratory amplitude was relatively small and the breath pattern
had the longer exhale phase than inhale, the gamma pass rates in 3%/3 mm criteria didn’t make any significant
difference for various motion conditions. In this study, the new phantom model of 4D dose distribution verification
using patient—specific lung phantoms moving in real breathing patterns was successfully implemented. It was
also evaluated that the model provides the capability to verify dose distributions delivered in the more realistic
condition and also the accuracy of dose calculation.
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Fig. 1. CT image based 3D Phantom design using the Eclipse RTP system. (a) Frontal image for a lung cancer patient. (b) Rendering
image of a lung phantom contour. (c) Dividing into the two equal parts of the phantom.
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Fig. 2. (a) 3D printed lung phan-
tom based new 4D lung phantom
with quasar respiratory motion
phantom. The insert was selected
(b) 3D printed lung phantom or
(c) homogeneous phantom.

LOw—
Asan Medical Center

Fig. 3. (a) System setup of the 4D lung phantom to simulate the respiratory motion of target in gated VMAT treatment. The
fluoroscopy images of the lung phantom captured in (b) exhale and (c) inhale phases.
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Fig. 4. (a) The picture of the
homemade 3D printed Lung
phantom. (b) 4D lung phantom

consists of the Quasar respiratory
motion phantom and 3D printed
lung phantom. The EBT3 film
located inside the lung phantom.
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Fig. 6. (a) Image fusion between
patient CT and lung phantom CT.
Red Arrows indicate the GTV
contour. (b) The CT number of
patient and phantom were respec-
tively 78 HU and 92 HU in tumor
regions.

Fig. 7. (a) The image of the lung
phantom was shown the coronal.
sagittal and axial. The lung tissue
in the phantom was implemented
using the form of a lattice struc-
ture. The mean value in red area
was —784 HU. (b) The material of
lung tissue in the phantom was
replaced to lung tissue (Eclipse
default, —725 HU) and air (—1000
HU). then gamma passing rates
(3%/3 mm) were compared be-
tween the lung phantom with
lattice structure and the phantom
with replacement materials. Treat-
ment planning dose applied AXB
dose calculation algorithm.
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ment under the three experimental
conditions of (a) Static, (b) Gating
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motion. Treatment planning dose
applied AAA and AXB dose
calculation algorithm. Gating win-
dow included 30%~70% phase.
Arrows indicate the movement
direction.
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Table 1. Analysis of the gamma passing rate (3%/3 mm and 3%/1 mm) for the two phantoms with three different respiratory
gated VMAT mode. Plan doses were calculated with two dose calculation algorithms; AAA and AcurosXB.

Dose calculation 3%/3 mm 3%/1 mm
Algorithm AAA AcurosXB AAA AcurosXB
Treatment mode Homo Inhomo Homo Inhomo Homo Inhomo Homo Inhomo
Static 99.8 95.3 99.6 98.8 90.0 57.5 94.5 82.8
Gating with motion 99.6 87.8 99.5 98.8 90.9 46.8 94.4 78.1
No-gating with motion 99.5 77.9 99.5 98.3 78.8 38.4 82.2 72.2
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