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ORIGINAL ARTICLE
DOSE CALCULATIONS USING FOUR-DIMENSIONAL
COMPUTED TOMOGRAPHY IN STEREOTACTIC BODY
RADIOTHERAPY FOR LUNG CANCER

Hideo Kawaguchi, Masahiko Aoki, Yoshiomi Hatayama and Shuichi Ono

Abstract The purpose of this study was to evaluate the influence of respiratory tumor movement on 4D-
CT dose calculation. In 14 patients, 4D-CT scan was acquired, when both average 4D-CT image set (CTAVE)
and 10-respiratory phase image sets (CTphase) were generated. Respiratory tumor movement was measured
by CTphase, and separated two components: projectional move and vertical move. Six fields stereotactic body
radiotherapy plan was performed, and that was copied in CTAVE and CTphase. MU was calculated in each series,
and difference between CTAVE and CTphase was calculated (% MUdiff). Moreover, MU change during respiration
in each port was calculated (AMU). Each plan was calculated using two differential algorisms: Clarkson and
superposition. Most of % MUdiff was within £ 1% in both algorisms. In Clarkson method, MUdiff was significant
higher except exhalation phase, whereas, in superposition method, MUdiff was significant higher in end-exhalation
phase and end-inhalation phase. Most of AMU was within 2% in both algorisms. In Clarkson, medial correlation was
observed between AMU and projectional/vertical move. In superposion, weak correlation was observed between
AMU and vertical move, but no correlation was observed between AMU and projectional move. Clarkson method
seems to overestimate respiratory move. Superposition method is more useful in 4D-CT dose calculation.
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Table 1 Patient characteristics.

Patient Tumor volume
No. Age Primary/Metastasis Location T stage in CT vz (cc)
1 70 Primary RLL T1 346
2 87 Primary RUL T1 10.63
3 73 Metastasis RML T1 1.11
4 85 Primary LUL T1 8.30
5 72 Primary RUL T1 11.70
6 77 Primary RLL T1 9.46
7 81 Primary RLL T1 401
8 77 Primary RUL T1 3.09
9 82 Primary LLL T1 747
10 72 Metastasis RLL T1 11.22
11 87 Primary RLL T2 21.36
12 64 Metastasis RUL T1 0.55
13 85 Primary LUL T1 717
14 82 Primary RUL T1 8.11

Sim MD ECTAN L7228 % CT g i EHE L,
IR CTH 5 XiO ver.4.40(CMS Software,
St.Louis, MO, USA) IZ#z3% L7z, ITVIZK LT
5mm ® set up margin = X &, < 5 IZ5mm
® leaf margin Z#XEL, ¥IVFV =731 XA —
¥ — oKz ER L7z B RIE I0MVo X
W% H v 72 JE & 1\ 6 M (coplannner 3 '], non-
coplanner 3 ), WABEITIT A VL ¥ -4
JiT54Gy/6 mENCRE L, MERIH 21T 7.
6 MaETHOMUZHHL, MUy & ERL.
RIZ, CT e D ELOMFWALAH O W T — ¥ %
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MBI VF)—Ta) X —F -0
WIREZ0F FL£B{ET— & 1D 15, &M
Br—2 BT rHMEI M EER L7z, £72
6 MaEToMUZHEMBL, MU, &E®LT-.
MU, ZHEHE L L, MUjpe & D72E%H MUy & 58
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MUdiff(MU) = MUphase - MU ,vg
9% MU (%) = MUy / MU yyz % 100 (2)
THHLZ SEE T VI XLI2X 5%
MUy D E W 2 RS 5 720, MUO R IZIX
Clarkson ¥, superposition 3 ® M J; % F v &t
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CT ppase D E BRI R i 25 2 A7) L T XiO kT
HESG D BB 2 I L, S IR B T b
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L7200 CT e 5 IR O BEE B Z0A 13 X0 |k
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DEZY =5 A ¥ P 3830 U5
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7z.

fET L LT, £ 98— A2 LT\,
1461 x 6 [ x 10 ALAH = 840 ¥ — & & 1 5 12%
MUy Z 51 L7z, MR 7V T XA %
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2, AEKHEE 1 %T paired ttest Zi7-72. F72
WA A4 DR EFTHEANDO B 2 AT 5720,

MU yvg & MU, RIS, S IFIRAARIE IS &
JK#E 1 % C paired t-test & 17 7.

WIZ, 1460 x 6 [ =84M % x5 12, KM TH
KELDH% MUy &, /e D% MUy DEE)
IEZFHR L, aMU e 7.

AMU (%) = max% MUy - min% MUg; — (3)

HEG P L PREE & FEGh FEERE - 2 h o H)
PHHE & AMU OFAG X Z AR, Pearson FE=AHE
¥R RN L, HRKHES % THAMBEMREZ 17 -
7z.
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Table 2 Distribution of % MU, calculated by Clarkson
and superposition. *p<0.01

Table 3 Mean MUy values in 10 phase images calculated
by Clarkson and superposition. *p<0.01

Range of Clarkson (MU)  Superposition (MU)

% MU g Clarkson Superposition Phase mean + SD mean £ SD
4~ 3% 1 0 0% -0.043 =1.089 0.354 £0.845*
3~2% 7 0 10% 0.138 £0.716 0.174 £0.828
2~1% 35 13 20% 0.274 +0.926* 0.053 £0.517
1~0% 467 396 30% 0433 +0.885* -0.161 +£0.849
0~-1% 324 418 40% 0.510 £0.972* -0.199 +0.886

-1~ 2% 5 12 50% 0.468 £0.967* -0.265 £0.919*

2 ~-3% 1 1 60% 0.330 £0.970* -0.177 £0.866

-3~ 4% 0 0 70% 0.275 £0.703* 0.019 £0.638
Total 840 840 80% 0.229 £0.765* -0.023 £0.550

9 + +
Mean = SD (%) * 0.146 = 0487 0.001 £0.376 90% 0106 = 1136 0139 0805

Table 4 Distribution of AMU calculated by Clarkson
and superposition. *p<0.01

Range of

AMU Clarkson Superposition

5~ 4% 2 0

4~ 3% 1 2

3~2% 5 3

2~1% 27 16

1~0% 49 63

Total 84 84
Mean =SD (%) * 1.054 +0.845 0.800 +0.670

& *

HE—=2IIBIT 5% MUy DEFERE R % Table
2.2 7/x 9°. Clarkson # T & *F 350.146 =0.487%,
superposition # T & *F350.001 =0.376% T & 1),
superposition #E23A A2/ E H o 72 (p<0.001).
Clarkson # T 1394.2% (791/840) @ ¥ — A 73,
superposition T 1396.9% (814/840) ® ¥ — 4 3
= 1%UNTH - 7.

BIWFRATANC B B MUy DFI4fE% Table 3.
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#ETIE 390800 £0670% TH D, ZH 5 D super-

position FEHH FI/NE Do 72(p<0.001). Clarkson
HD905% (76/84) A%, superposition #E794.0%
(79/84) 732 %BLANDEETH - 7-.

AMU & B &) i o B4R 2 o8 L 72 A X &
Figure 1127789, Clarkson & C i3 F& 4+ 1 _F
B, RGN - EREE S DA E PSR A 20
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Figure 1. Association of respiratory tumor movement and AMU. Each p-value was calculated by Pearson product-moment
correlation coefficient and Student's t-distribution. A: projectional move and AMU by Clarkson. B: projectional
move snd AMU by superposition. C: vertical move and AMU by Clarkson. D: vertical move and AMU by

superposition.
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