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Fig. 1. Dose distributions of four-dimensional treatment plans calculated by Monte Carlo algorithm for stereotactic body radiotherapy
of lung cancer patients whose tumors are located in lower lobe (A), middle lobe (B) and upper lobe {C).
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Fig. 2. Dose-volume histograms (DVHs) of patients whose
tumors are located in lower lobe (A), middle lobe (B) and
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Fig. 3. The coverage of gross tumor volume (GTV) (A) and
planning target volume (PTV) (B), and mean values over
all patients (C) according to plan mode, 4D (Ray), 4D
(MCQ), 3D (Ray) and 3D (MC) were compared. Two arrows
in (B) indicate the two interesting plans, 4D (MC) and 3D
(MC), and the error bar in (C) indicates the standard
deviation over all patients. D: dimensional, Ray: Ray-
tracing algorithm, MC: Monte Carlo algorithm.
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Table 1. Comparison between Three- and Four-dimensional Treatment Plans

PTV* volume coverage (%)

PTV D95 ' (%)

Patient Tumor position T
Difference ' Mean difference Difference Mean difference

1 Left lower lobe 4.0 75

2 Left lower lobe 5.4 44 46 48

3 Right lower lobe 39 23

4 Right middle lobe -14 0.9

5 Right middle lobe -35 46 —18 17

6 Left upper lobe -22 ‘ -23 '

7 Right upper lobe —114 —34

*planning target volume. "D95 means the dose encompassing 95% of PTV. "The differences were calculated between four-
dimensional plan and three-dimensional plan.
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Table 2. Individual Patients’ Characteristics

Tumor movement '

Distance from SC*

Patient Tumor position PTV volume* (cms) Deformation " {mm)
(mm) ()
1 Left lower lobe 824 185 131 51
2 Left lower lobe 429 115 48 13
3 Right lower lobe 61.6 28.9 8.2 71
4 Right middle lobe 49.3 21 2.6 48
5 Right middie lobe 54.9 37 27 58
6 Left upper lobe 63.1 29 54 92
7 Right upper lobe 33.7 64 7.2 60

*planning target volume. "Tumor movement was defined as a central displacement of two triangles formed by three fiducial

markers in 0% and 60% respiration phases.

Deformation was quantified by the sum of individual displacements remained after

subt’ractmg the central displacement vector from the displacement vectors of three fiducial markers between 0% and 60% phases.
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Fig. 7. Planning target volume (PTV) and the distance from
spinal cord to PTV are not relevant to the positional variation
of the volume coverage or D95 of PTV between 4D (MC) and
3D (MC) plans, but the tumor movement and deformation
seems to be closely related to the positional variation. D: di-
mensional, Ray: Ray-tracing algorithm, MC: Monte Carlo
algorithm,
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— Abstract

Comparison of Three- and Four-dimensional Robotic Radiotherapy
Treatment Plans for Lung Cancers

Gyu Young Chai, M.D.*, Young Kyung Lim, Ph.D.*, Ki Mun Kang, M.D.*, Bae Gwon Jeong, M.D.*,
In-Bong Ha, M.D.*, Kyung Bum Park, M.D.", Jin-Myung Jung, M.D.T and Dongwook Kim, Ph.D.”

Departments of *Radiation Oncology, TNeurosurgery, Gyeongsang National University Hospital, Jinju,
fDepartmen’[ of Radiation Oncology, Kyung Hee University International Medical Service, Seoul, Korea

Purpose: To compare the dose distributions between three—dimensional (3D) and four-dimensional (4D) radiation
treatment plans calculated by Ray-tracing or the Monte Carlo algorithm, and to highlight the difference of dose
calculation between two algorithms for lung heterogeneity correction in lung cancers.

Materials and Methods: Prospectively gated 4D CTs in seven patients were obtained with a Brilliance
CT64-Channel scanner along with a respiratory bellows gating device. After 4D treatment planning with the Ray
Tracing algorithm in Multiplan 3.5.1, a CyberKnife stereotactic radiotherapy planning system, 3D Ray Tracing, 3D
and 4D Monte Carlo dose calculations were performed under the same beam conditions (same number,
directions, monitor units of beams). The 3D plan was performed in a primary CT image setting corresponding to
middle phase expiration (50%). Relative dose coverage, D95 of gross tumor volume and planning target volume,
maximum doses of tumor, and the spinal cord were compared for each plan, taking into consideration the tumor
location.

Results: According to the Monte Carlo calculations, mean tumor volume coverage of the 4D plans was 4.4%
higher than the 3D plans when tumors were located in the lower lobes of the lung, but were 4.6% lower when
tumors were located in the upper lobes of the lung. Similarly, the D95 of 4D plans was 4.8% higher than 3D
plans when tumors were located in the lower lobes of lung, but was 1.7% lower when tumors were located in
the upper lobes of lung. This tendency was also observed at the maximum dose of the spinal cord. Lastly, a
30% reduction in the PTV volume coverage was observed for the Monte Carlo calculation compared with the
Ray-tracing calculation.

Conclusion: 3D and 4D robotic radiotherapy treatment plans for lung cancers were compared according to a
dosimetric viewpoint for a tumor and the spinal cord. The difference of tumor dose distributions between 3D and
4D treatment plans was only significant when large tumor movement and deformation was suspected. Therefore,
4D treatment planning is only necessary for large tumor motion and deformation. However, a Monte Carlo
calculation is always necessary, independent of tumor motion in the lung.

Key Words: Lung cancer, Robotic radiotherapy, Four-dimensional radiation treatment plan, Monte Carlo
algorithm
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