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Comparison of the Dose Distributions with Beam
Arrangements in the Stereotactic Body Radiotherapy
(SBRT) for Primary Lung Cancer

Ji Woon Yea

Department of Radiation Oncology, Yeungnam University College of Medicine, Daegu, Korea

To compare 2 beam arrangements, circumferential equally angles (EA) beams or partially angles (PA) beams
for stereotactic body radiation therapy (SBRT) of primary lung cancer for intensity—-modulated radiation therapy
(IMRT) and volumetric-modulated arc therapy (VMAT) delivery techniques with respect to target, ipsilateral lung,
contralateral lung, and organs—at-risk (OAR) dose—volume metrics, as well as treatment delivery efficiency. Data
from 12 patients, four treatment plans were generated per data sets (IMRTga, IMRTpa, VMATes, VMATp4). The
prescribed dose (PD) was 60 Gy in 4 fractions to 95% of the planning target volume (PTV) for a 6-MV photon
beam. When compared with the IMRT and VMAT treatment plan for 2 beams, conformity index, homogeneity
index, high dose spillage, D2 cm (Dmax at a distance =2 cm beyond the PTV), R50 (ratio of volume
circumscribed by the 50% isodose line and the PTV), resulted in similar. But Dmax of the Organ at risk (OAR),
spinal cord, trachea, resulted in differ between four treatment plans. Especially HDSiocaion Showed big difference

in 21.63% vs. 26.46%.
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Fig. 1. Comparisons of the IMRT
and VMAT with equally ((a); (c))
or partially ((b); (d)) beam arrange-
ments. (a) IMRTEs; (b) IMRTpa; (c)
VMATEs; (d) VMATpa.
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Table 2. Plan evaluation table for HDSyouume, Daem, Rso in the RTOGY.

Ratio of prescription isodose

Ratio of 50% prescription Maximum dose (in % of dose
isodose volume to the

prescribed) @ 2 cm from PTV Percent of lung receiving 20

PTV  volume to the PTV volume PTV volume, Ry in any direction, Do (Gy) Gy total or more, Va (%)
volume

(cc) Deviation Deviation Deviation Deviation

None Minor None Minor None Minor None Minor

18 <12 <15 <59 <75 <50.0 <57.0 <10 <15

3.8 <12 <15 <55 <6.5 <50.0 <57.0 <10 <15

74 <12 <15 <51 <6.0 <50.0 <58.0 <10 <15
13.2 <12 <15 <47 <58 <50.0 <58.0 <10 <15
220 <12 <15 <45 <55 <54.0 <63.0 <10 <15
34.0 <12 <15 <43 <53 <58.0 <68.0 <10 <15
50.0 <12 <15 <4.0 <5.0 <62.0 <77.0 <10 <15
70.0 <12 <15 <35 <438 <66.0 <86.0 <10 <15
95.0 <12 <15 <33 <44 <70.0 <89.0 <10 <15
126.0 <12 <15 <31 <40 <73.0 <91.0 <10 <15
163.0 <12 <15 <29 <37 <77.0 <94.0 <10 <15
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w3l X 2A1% zAAE H) v)azollA] IMRTes IMRTea  17.21, 19.62, 16,575 VEFHQ o1, Foko] gl 299 =)
VMATEs VMATpao A 9FZ =S 138k 739ollA] Vi (%) ol A= Vo (%) 12,63, 1248, 14.51, 14255 e
L 640, 620, 7.18, 7.05% VEMNG o™, Vs (%) 2035, o, Vs (%) 30.12, 29.77, 31.61, 31.545 EMG L

Table 3. Comparisons of PTV, HI, Cl, RTOG plan evaluation’s parameter and MU between the equally angles and the partially
angles for the beam arrangements.

IMRTEA IMRTPA Difference (%) VMATEA VMATPA Mean diff (%)
Mean+SD Mean+SD W x100 Mean+SD Mean+SD W %100
PTV Dinax (Gy) 71.57+2.59 71.31+£2.42 —0.37 70.13£2.73 70.40+2.55 0.38
Diean (Gy) 65.37+1.64 65.29£1.51 —-0.13 64.94+1.67 64.90+1.63 —0.06
Diin (Gy) 52.09+£2.12 52.36£1.97 0.51 53.91+2.87 53.27+1.85 —1.22
HI & CI rDHI 0.73+0.04 0.74+0.04 0.88 0.77+0.06 0.76+0.05 —1.62
mDHI 0.92+0.21 0.86+0.02 —6.29 0.81+0.23 0.87+0.02 6.89
CI 0.74+0.07 0.70+0.10 —5.56 0.68+0.08 0.67+0.07 —1.89
RTOG HDSjocation 1.61+1.26 2.05+1.13 21.63 3.63t4.55 4.93+5.30 26.46
HDSyolume 1.09+0.12 1.10+0.12 —5.56 0.68+0.08 0.67+0.07 —1.89
Daem 0.74+0.07 0.70+0.10 —5.56 0.68+0.08 0.67+0.07 —1.89
Rso 0.74+0.07 0.70+0.10 —5.56 0.68+0.08 0.67+0.07 —1.89
MU 5287+1117 4493+998 —17.67 3565+715 3030+539 —17.68

IMRTEa: Intensity-modulated radiotherapy arranged by equally beam angles, IMRTpa: Intensity-modulated radiotherapy arranged by
partially beam angles, VMATEa: Volumetric-modulated arc therapy arranged by equally beam angles, VMATpa: Intensity-modulated
radiotherapy arranged by partially beam angles, SD: standard deviation, rDHI: radical dose homogeneity index, mDHI: moderate
dose homogeneity index, CI: conformity index, HDSiocation: location of the high dose spillage described by the RTOG, HDSyolume:
volume of the high dose spillage described by the RTOG, Dam: location of the low dose spillage described by the RTOG, Rspy:
volume of the low dose spillage described by the RTOG, and MU: monitor units.

Table 4. Dose difference analysis according to the equally angles and the partially angles for the beam arrangements.

IMRTEgA IMRTpa Difference (%) VMATEgA VMATpa Difference (%)
Structure Parameter
Mean+SD Mean+SD W x100  Mean=SD Mean+SD W x100
Both MLD (Gy) 4.61+1.39 4.19+1.29 —10.04 4.69+1.51 4.55+1.43 —3.02
lung Vs (%) 20.35+5.66 17.21£5.57 —18.28 19.62+7.49 16.57+7.49 —18.36
Vs (cc) 407.49+224.81  321.68+224.81 —26.68 370.03+206.62  347.51+190.34 —6.48
Viss (cc) 375.44+214.44  302.32+162.60 —24.19 350.48+201.25 329.11+186.05 —6.49
Vao (%) 6.40+3.04 6.20+2.65 —3.14 7.18+3.35 7.05+3.24 —1.82
Vas (%) 4.39+2.26 451+2.09 2.69 4.80+2.49 5.34+2.68 10.04
Ipsilateral MLD (Gy) 7.40£2.42 7.2612.36 —1.95 8.03+2.78 7.98+2.78 —0.69
lung Vs (%) 30.12+7.47 29.77+7.72 —1.18 31.61+7.81 31.54+7.92 —0.23
Vio (%) 23.18+7.44 21.98+8.05 —5.45 24.80+8.55 23.85+8.46 —3.99
Vao (%) 12.63+6.26 12.48+5.60 —1.24 14.51+7.17 14.25+6.90 —1.86
Vio (%) 7.24+3.76 7.29+3.58 0.67 8.34+4.50 8.64+4.67 3.47
Contralateral MLD (Gy) 1.75+0.77 1.15+0.50 —51.89 1.39+0.58 1.17+0.45 —18.70
lung Vs (%) 10.28+4.88 4.30+4.88 —139.34 7.50+8.30 3.93+4.63 —91.08
Vio (%) 5.40+2.50 0.11+0.27 —4645.17 0.33+0.72 0.17+0.36 —96.82
PRVspinal cord ~ Dmax (Gy) 13.36+0.85 10.37+2.56 —28.81 10.69+1.43 9.59+1.82 —11.46
OARTrachea Diax (Gy) 11.78+10.31 9.08+8.02 —29.75 10.34+9.56 10.67+8.96 3.14
OARHeart Diax (Gy) 23.53+£12.39 18.85+13.63 —24.84 18.84+12.96 19.34+13.19 2.58

V10720725730 (%): percentage volumes that received 5, 10, 20, 25 and 30 Gy, respectively, Vizs/135 (cc): absolute volumes that received
12.5 and 13.5 Gy, respectively, MLD: Mean Lung Dose.
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