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Summary

Volumetric modulated arc therapy (VMAT) is a rotational intensity-modulated radiotherapy (IMRT)
technique capable of acquiring projection images for cone-beam computed tomography (CBCT). Respiratory-
correlated cone-beam computed tomography, namely 4D-CBCT, serves to assess the displacement of a tumor
position between planning and treatment due to organ motion and respiration, and is important for more accu-
rate radiation therapy. On the other hand, recently, a 320-detector row CT scanner, namely 4D-CT, has
become available that allows axial volumetric scanning of a 16-cm-long range in a patient without table
movement. The goal of our research is to establish a new method of verification during treatment in stereotac-
tic body radiotherapy. In this study, we compare the movement of the tumor between “before treatment™ using
4D-CT and “in treatment™ using 4D-CBCT. Three patients (55-68 years of age) with lung tumors underwent
CT scans for radiotherapy planning using 4D-CT scans to analyze the movement of the tumor before treat-
ment. The patients were treated by VMAT while acquiring projection images. 4D-CBCT datasets were recon-
structed from the projection images using in-house programs. The tumor positions in 4D-CT and 4D-CBCT
were detected and the movement of the tumor between “before treatment” and “in treatment™ was similar. The
movement of the tumors during treatment was predictable from 4D-CT before treatment. Furthermore,
4D-CBCT clarified the tumor position during treatment and could reevaluate the actual tumor position and
dose distribution. We have successfully shown the movement of the tumor between “before treatment™ using
4D-CT and “in treatment™ using 4D-CBCT.

Key words: motion analysis, stereotactic body radiotherapy, lung tumors, volumetric modulated arc therapy,
during treatment
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Table 1 Information on patients

No. Age(yr) Sex Size (mm) Location

1 65 F 20x15 Right lower lobe, S8
2 55 M 8x06 Left lower lobe, S8/9
3 68 M 21x18 Right lower lobe, S8

W7z HREEREIZIE stereotactic body frame (Elekta F1:84)
R L, Wen| UEE R RN 2 bR
L7 WoEeEERELEEY 120k, HERE
400 mA, #HE (field of view; FOV)# LL(500 mm),
< MY 7 A A A% 512%512, X MEDRIERFE% 0.5
sf 01, A7 A ARLNER 4T TE 2 mm, fho g
TESmm & L7 WREREZET HEMIZNT S
CT O FINE—EREM @ s PLE) 2 CHEEX 1T
AT — A Ky R SRR 2R A T TR AR 75 2
ML CT #4# & ] B 28 T+ 17 5 IR E 038
Y, AL TR E B 2 IR L 7z, BRI R
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7o, MEAIFEELE % 120 kV, FEFE 50 mA,
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Fig. 1| External detection system of respiratory signal
(AZ-733V).
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Fig. 2 Detection of a respiratory signal from
projection images.
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Fig. 3 Division of a respiration phase.
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(a) 3D-CBCT
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Fig. 4 Reconstruction images of 4D-CBCT.
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4D-CT

Fig. 5 Results of patient no.1 (Right
lower lobe).
(a) Detection of target in axial
image of 4D-CT
(b) Dynamics of target position in
4D-CT datasets
(¢) Three dimensional movement
of target in 4D-CT datasets
(d) Detection of target in axial
image of 4D-CBCT
(¢) Dynamics of target position in
4D-CBCT datasets
(f) Three dimensional movement
of target in 4D-CBCT data-
% sets
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Fig. 6 Results of patient na. 2 (Left lower
lobe).
s (a) Detection of target in sagittal
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(b) Dynamics of target position in
4D-C1 datasets
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. 4D-CT datasets
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Table 2 Comparison of maximum movement for each axis and peak inhale-peak exhale distance

Maximum movement (mm)

Peak inhale—

No.
¥ . 5 Peak exhale (mm)
1 1.0% 2.0% 5.5% 5.5%
2,0%* 2.0%% S5.0%#* 5.5%*
2 3.9% 3.9% 11.0% 11.4%
L 2.0%* 11,00k ] L. 2%k
3 1.0%* 0.0% 2.5% 2.5%
2.0%* 2.0%* 3.0%* 228K

* 4D-CT, **: 4D-CBCT

VXA DR AL B O RERTZE{L (4D-CT) & L< VX0 fir
FIlZ & 22546 (4D-CBCT) %7 L, A 5240 o i
BEODSIRILFEIRTHEH, 2T, xIEFOLELS
K, y WG AM, cEEEREAERL, =K
TEEF I root™ % H v 72, 4D-CT @ 28 1 47 i 42
1, x, y 55 0.98 mm/pixel, z #7514 0.5 mm/
pixel TH 1), 4D-CBCT DZEM 77 fEREIL, x, v, z Bl
Ii]7% 1.0 mm/pixel TH -7z, 4D-CT OO L E R
IEEFICBWTHEI CHEMOMERE ST HETH -
7273, AD-CT W I TH G DK 4D-CBCT Hi{%
TIIEM OB M NI IGE2%H ), T TN
DfCEEHEIT 72

Table 2 (2 4D-CT & 4D-CBCT O 3§y i [a]| 2 51T H1%
RIDFEE) & D A & e KIS — Fe RIS B 27
T3 A OB = ORKMEICOWT, 4D-CT &
4D-CBCT Tl A 2.9 mm OZEFELN0%, AT
L3mm U TFThotz 72, fEHF 1~3 O 4D-CT [Hj{§
DKM R - K AOBEIEILSS, 114, 25 mm,
4D-CBCT Ti& 5.5, 11.2,22 mm Th-o7z. AR E
RRMZEOMEOZE{LEIX, 4D-CT & 4D-CBCT Tl
4D-CBCT A%/ 34 % LA - 7-2%, FFEEET
Hot-.

3. & B

AT 2 TGP FO IR & R HEZ: VMAT
% SBRT @ H L, (mﬁqjﬂﬂgjl_lfé’iﬁ‘bﬂ}mfn"ﬁ'%
B, 84 52 LI2X 5T 4D-CBCT E/{§ % P T
72 ZNCC 7T A LE o~ —H 0
Mot A A, BRI A A0 B A BE D 72 < IR BB IR
EE IR -7 ZhE T 3ID-CBCT Wj{§4:
2 5 MO I E Th- 201k L, B S
4D-CBCT BRI AL Z & O=WICH{FTH Y, I
W AR LB OB S SRR TE . — 4T,
4D-CBCT i {% |3 3D-CBCT Fi{§ & I8 L T E AL
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57z, 3D-CBCT M3 T O EM {2 HTH
WA 1T DR LT, 4D-CBCT W% 14458 L 72070
P E AT 220, EGEHEERICHEET S
MmO I F L TR TS, 20
£ 9 I24D-CBCT Wi % (2 & M 3 5+ 8 Wi 15 #»°
3D-CBCT Wi{§ & [t ~<TA 7%\ 7256, 4D-CBCT Wi {§77
3D-CBCT i {f & L L Tl EAML T L7z,

RO JIEHO AD-CT M{HIZB VT, 7—1) TfiAf
R e mBERE 7077 A ENoMELY =
WG, Ao, HE TR C X 2[Fig. 5~7 D(a)]. %
7z, 4D-CT (XFFHfiRL L 72 BRI R (0.5 s RFE) TRER O AL
BEBHTRETH D, Fig. 5~7 (b)) TRT LI IZEH
DN EDORMZELERT LI LT, TR
PRk S —E 'Cc#;évj’aﬂdhu ‘HETHo7z. Fig. 5~70
()2 L 72 A i M SR o0 =R JCF R TR DL
IR IL TR R TE /2 £/ R E B
ORI LR — ARG TD Z o7 L2 & ldw
AT, WAETRIZL > TENOMBFRLL AT
AT LI, W X B HTERE O & O E LT,
R OFEEWVIZL - THERAEL T 2 2 LR fENA e
ATV AR ZEDFTHNY, AD-CTHGE L L
V2 L2 B o WL AT R - X AR 0B X A 4R fR
THDIZAHTCEH T,

4D-CBCT Hifgi2 BT BRIH T O 77 AL L8
HONEOHINPHE) CHEREEPHY, —HIZT
B CR @R 5L L7, Fig. 5~7 ®(e) iy £ 912k
HH ORI O E DS E A AR L T Ld 5228
EFRC&E7. — ), VMATIZX ZEHLHET 23 9
BCTHIfT SN D720, HERFOKFEZBE S HRER S
L% 4D-CBCT @fﬁiii%ﬂ%w)iﬁf_#ﬂkm‘% HEEh o
Bifglen. ZoI X, 4D-CBCT i (%7 6
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