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5. EAIEN

W2 A28 914 we] 5 B34 Ad B 9
3 BAEA ZZ@l(PASW Statistics ver. 17, SPSS Inc.,
Chicago, IL, USA)®] 7l& BAl W& ol &3l F47
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Fig. 1. Figure shows an example of interfractional surrogate
position variation (black arrow) between digital reconstructed
radiograph (DRR) from 4-dimensional computed tomography
(4DCT; white) and gated orthogonal setup kilovolt (KV) image
from on board imaging (OBL gray) at 50% respiratory phase.
Small interfractional variation was observed in this patient.

Table 1. Results of Statistical Analysis

Tidal amplitude diff. (cm)

Inter-fraction {(cm) Intra-fraction

Variables {(4DCT-gated OBI)
X* vt z? X Y Z X Y 7z
0% percentile —~050 ~240 -1.10 -083 —-258 ~137 ~030 ~114 -030
10% percentile —-0.10 -0.50 ~0.30 -022 -1.18 -0.45 —-0.10 -0.30 -0.10
25% percentile 0.00 —-0.10 -0.10 —0.14 ~066 -015 —-003 -015 0.00
Median 0.00 0.00 0.00 -0.05 -0.15 —-0.02 0.00 —0.03 0.05
75% percentile 0.0 0.10 0.00 0.02 0.15 012 0.10 0.10 0.10
90% percentile 0.40 030 0.10 0.10 045 0.30 0.20 0.20 0.20
100% percentile 0.90 1.60 0.50 0.60 118 059 0.40 0.50 050

Results of statistical analysis of inter (=4-dimentional computed radiograph [DCT]@50% phase-gated on board imaging [OBI}@50%
phase}-, intra-fractional variation (=gated OBI@50% phase, before Tx.-gated OBI@50% phase, after Tx.), and tidal amplitude difference
(=[4DCT@50% phase-4DCT@10% phase)-(gated OBI@50% phase-gated OBI@10% phase]) for twenty liver cancer patients.
*transaxial, 'craniocauda, anteroposterior.
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Fig. 2. Box plots of interfractional surrogate position variation
in X (A), Y (B), and Z (C) axis by patient. Interfractional
variation in Y axis is greater than both X and Z axis. Significant
inter-personal and daily variation was observed. "o" and ™" on
the graph represent outliers and boxes represent range from
25th to 75th percentile in surrogate position differences.
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Fig. 3. Box plots of tidal amplitude variation of the surrogate
in X (A), Y (B), and Z (C) axis in gated setup kilovolt (KV)
image by patient. Black dot represent tidal amplitude in
4-dimensional computed tomography (4DCT) image. Significant
difference between 4DCT and gated KV image was observed in
some patients. "o" and ™" on the graph represent outliers and
boxes represent range from 25th to 75th percentile of the tidal
amplitude.
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Fig. 4. Box plots of intrafractional surrogate position
variation in X (A), Y (B), and Z (C) axis by patient.
Intrafractional variation in Y axis is greater than both X and
Z axis. Significant inter-personal and daily variation was
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Fig. 5. Intrafractional surrogate
position variation was detected in
50% phase gated kilovolt setup
images taken before (A) and after
(B) treatment in 10th patient.
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Fig. 6. Pictures show tidal am-
plitude difference of the 1lth
patient between digital recon-
structed radiograph (DRR; A) and
gated kilovolt (KV) setup image
(B). Significant position difference
was detected in 0% phase. 4DCT:
4-dimensional computed tomogra-

phy, OBI: on board imaging.
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—— Abstract

Evaluation of the Positional Uncertainty of a Liver Tumor using
4-Dimensional Computed Tomography and
Gated Orthogonal Kilovolt Setup Images

Sang Gyu Ju, Ph.D., Chae Seon Hong, M.S., Hee Chul Park, M.D., Jong Ho Ahn, R.T.T,,
Eunhyuk Shin, M.S., Jung Suk Shin, M.S., Jin Sung Kim, Ph.D., Youngyih Han, Ph.D.,
Do Hoon Lim, M.D. and Doo Ho Choi, M.D.

Department of Radiation Oncology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: In order to evaluate the positional uncertainty of internal organs during radiation therapy for treatment
of liver cancer, we measured differences in inter- and intra~fractional variation of the tumor position and tidal
amplitude using 4-dimentional computed radiograph (DCT) images and gated orthogonal setup kilovolt (KV)
images taken on every treatment using the on board imaging (OBI) and real time position management (RPM)
system.

Materials and Methods: Twenty consecutive patients who underwent 3—-dimensional (3D} conformal radiation
therapy for treatment of liver cancer participated in this study. All patients received a 4DCT simulation with an
RT16 scanner and an RPM system. Lipiodol, which was updated near the target volume after transarterial
chemoembolization or diaphragm was chosen as a surrogate for the evaluation of the position difference of
internal organs. Two reference orthogonal (anterior and lateral) digital reconstructed radiograph (DRR) images
were generated using CT image sets of 0% and 50% into the respiratory phases. The maximum tidal amplitude
of the surrogate was measured from 3D conformal treatment planning. After setting the patient up with laser
markings on the skin, orthogonal gated setup images at 50% into the respiratory phase were acquired at each
treatment session with OBl and registered on reference DRR images by setting each beam center. Online
inter~fractional variation was determined with the surrogate. After adjusting the patient setup error, orthogonal
setup images at 0% and 50% into the respiratory phases were obtained and tidal amplitude of the surrogate
was measured. Measured fidal amplitude was compared with data from 4DCT. For evaluation of intra—fractional
variation, an orthogonal gated setup image at 50% into the respiratory phase was promptly acquired after
treatment and compared with the same image taken just before treatment. In addition, a statistical analysis for
the quantitative evaluation was performed.

Results: Medians of inter—fractional variation for twenty patients were 0.00 cm {range, —0.50 to 0.90 c¢m), 0.00
cm {range, —2.40 to 1.60 cm), and 0.00 cm (range, —1.10 to 0.50 cm) in the X (transaxial), Y (superior—
inferior), and Z (anterior—posterior) directions, respectively. Significant inter—fractional variations over 0.5 cm
were observed in four patients. Min addition, the median tidal amplitude differences between 4DCTs and the
gated orthogonal setup images were —0.05 cm {(range, —0.83 to 0.60 cm), ~0.15 cm {range, —2.58 to 1.18
cm), and —0.02 em (range, —1.37 to0 0.59 cm) in the X, Y, and Z directions, respectively. Large differences
of over 1 cm were detected in 3 patients in the Y direction, while differences of more than 0.5 but less than
1 cm were observed in 5 patients in Y and Z directions. Median intra—fractional variation was 0.00 cm (range,
—~0.30 to 0.40 cm), —0.03 cm (range, —1.14 to 0.50 cm), 0.05 cm (range, —0.30 to 0.50 cm) in the X, Y,
and Z directions, respectively. Significant intra—fractional variation of over 1 cm was observed in 2 patients in Y
direction.

Conclusion: Gated setup images provided a clear image quality for the detection of organ motion without a
motion artifact. Significant intra— and inter-fractional variation and tidal amplitude. differences between 4DCT
and gated setup images were detected in some patients during the radiation treatment period, and therefore,
should be considered when setting up the target margin. Monitoring of positional uncertainty and its adaptive
feedback system can enhance the accuracy of treatments.

Key Words: Radiation therapy, Respiratory gating, Inter-fractional variation, Orthogonal image, Liver
cancer
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