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(BE)BH:AERECT EREXHEAHIT IR ESHGHw, Tk : Ok R B35 BB R B R /BRI
TUMOROI~TUMORO5 »A 1.0~5.0 mm CT & B-47 % # CT A3 45 Fr & 2 ; Q1% A BAL BN 75 R B & F CT 77 v B &
Auto-Shells, 4k 7 7l & 4L 77 7 5 4% & PR ) € Sk 71 3007 1 %), R ey e R H 45 R ;@5 A4 S AP B R F CT
B3 R A AEE 1.0 mm CT & B2557 3 R, 38 5% 57 7 R B AHLUE 207 32 R A4 R ;D8 B AW 5 R F CT &7
AT R A ARG AT $e X 69 TALHE 0L, 255 IR AL B TUMORO1 2877 ¥ K sz X 71l (D, )5 CT &5 &I 5548
%M (]r=0.20) 41, B£ 4 B 5% TUMORO02~TUMOROS 7% 77 ¥ X D, B &KL R 58 75 7 e X o 7 2 (D) i E 34
(CD) \#7E & 45 4 (nCI) . & £ % Coverage 5 CT & /&34 £ I 3% 48 X M (r>0.70) , BAEMUIF G 4057 32 K D, & 5 F
Coverage 5 CT BB 2 fita %, ¥ XD, Cl.nCl 5 CT E& £ EA %, LA8 X B FHAR P RE ;54D 5
TUMORO1 CT & &>2 mm B, 7% /7 #8 X D, .nCI. & % % Coverage # A KWL A9 2, = EALTEE 55 4 9.89~15.29
Gy.0.19~0.76.11.44%~29.94% , £5i8 :CT &7 % %% A4tk 71357 ¥ X 7 = 520 , sHRARE T 98 69 % vm 1 A B 2.,
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Analysis of effects of CT slice thickness on target dose distribution in Cyberknife radiotherapy

using chest phantom

ZHAO Rui', CAO Yangsen®, GAO Xingxin', WANG Zhenyue', LI Sha', TIAN Zhongze'
1. Department of Radiation Oncology, the 940th Hospital of Joint Logistics Force, Lanzhou 730050, China; 2. Department of Radiation
Oncology, Changhai Hospital, Naval Medical University, Shanghai 200433, China

Abstract: Objective To study the effects of CT slice thickness on the target dose distribution in Cyberknife radiotherapy.
Methods The conventional CT locating and reconstruction were carried out on the chest phantom for the simulated tumors
TUMORO1-TUMOROS5 with CT slice thicknesses of 1.0-5.0 mm. For each simulated tumor, the Cyberknife radiotherapy
plans of the CT sequences with different slice thicknesses were made with the fixed Auto-Shells, prescription dose,
prescription dose line and collimator, and the calculation results were recorded. Then the treatment plans with different CT
slice thicknesses were transplanted to the treatment plan with 1.0 mm slice thickness, and the dosimetric changes after plan
transplantation were recorded. The changes in the radiotherapy target area before and after transplantation of radiotherapy
plans of different CT slice thicknesses were compared. Resulis Except that the D, . of the TUMOROI target area showed a
weak correlation to the CT slice thickness (|7/=0.20), the D, of the TUMORO02-TUMOROS target areas, and the D,;,, CI, nCI
and coverage of TUMORO1-TUMOROS target areas had strong correlations to the CT slice thickness (|7/>0.70). The D,,,, and
o (L
ins NCI and
coverage of the TUMOROI target area were changed significantly with the slice thickness larger than 2 mm, and their
changed ranges were 9.89-15.29 Gy, 0.19-0.76 and 11.44%-29.94%, respectively. Conclusion CT slice thickness affects the

the coverage of TUMORO1-TUMOROS target areas were negatively correlated to the CT slice thickness, while the D

and nCI were positively correlated to the CT slice thickness, and their significance levels were different. The D

target dose distribution in Cyberknife radiotherapy significantly, and it is extremely significant for the smaller tumor.
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Figure 2 Simulated tumors
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B AR )0 2.0.3.0.4.0.5.0.6.0 cm A AL
Jed 3 i) FH T TR A A B, 4 JR ey /N 28 KO 43 0l A
45 7 (TUMORO1~05) . K A5 UL Jib 988 1 I I € A
TUMOR Jig #5452 & FL 3R 3, I 4 B CT 39 4 4% 14

JERLE AL IF L) 2.0~5.0 mm JZ 2 (L) 1 mm i
B8O PEAT CT R E A, H CT U IF 51 43 51 42 BE A
e g5 4, IR CT RS 751 5 A 2 55 T 5L
B RS
1.3 #&HL B AT v R HI ZE

PB4 i TUMORO1 1 5.0 mm CT 2 & 741
TG TIRIT IR R G, R BRI 2R B
9 07 I DX AT 320 J2 1 A, SR IS B S AR
P, T R AR U A A . 0T TRl e
B BOT TR R G AR B B IR FR
FH1.5.10.20.30.40 mm 3t 6 1120 fit g # [X K FR
R RRE R K5 4 o 40.35.30.25.20.,15.10 Gy,
it fk B ¥ & Ray-Tracking, i 8 #2 X 17 OCO
(Optimize Coverage) — 1k (AL & 40 Gy) , 2
SR Ab 5 %) &5 28 (Prescription Isodose Line, PIDL) >
70% A X 7 75 K >90% , R 5 43 BE R RS 10 )i
JPB DAL R (AT R 40 Gy) M8 CT)ZIE(5.0 mm)
B RIAEA% ) TUMORO105 I HEA 718
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1.5 FUfritRIiEesE

VA Z B A5 T #E AR /Nl 4 (D)
K= (D,,,) 36 JE FE 45 %0 (Conformity Index, CI) .
B iE S 45 20 (new Conformity Index, nCI) | 78 75 %
Coverage, CI=PIV/TIV, nCI=Cl/Coverage, Coverage
=TIV/TV, Hr, PIV g hb J5 ) it fir e 8 ) L ZUA A,
TIV Jy4b 75 57 ik T A0 S8 i) L IXAR R, TV B IXARTR.
FAFUPIREANF CTJZIE(2.0~5.0 mm) L X A FL Y DL H:
AR 1.0 mm CT 2 J5 it ) i g 8 DX AR R O et
LU 73 B TP . AR CT)Z2/E(2.0~5.0 mm)
2 155 0L W JR 9T $ IX D, D, CLonCIL 7 3 %
Coverage YJVIHAAN 1.0 mm CT J2 57 #E X 1544
SN TR R A S T 22 (R T PR AL 2
B I N IR A/ ME S T .
1.6 HitFEFE

i il SPSS13.0 Gt it/ , R I SPEARMAN #f]
FAE ST < 71 0.0~0.2 {RFMLFH A ,0.20~0.40 1%
FFIANTE 0.40~0.70 LR P AFR A .0.70~1.00 18
ORI, P<0.05 M SCHE R % P<0.01 A K
|3 ATE

284 B

2.1 EME T X AR TR

DL 1.0 mm CT )25t /2) i i Jeg $0 XA A R S
AJA] CT )2 R R 40 X AR FRAR A U e 17, 45458
PRI X AR S CT 2R S A5 ()>0.70) , HLAH
SR B3 (P=0.00) , B X (KT E A B CT
=SSN AN O SR

F1 RE CT RERUMEEX AT (%)
Table 1 Volume changes of simulated tumors at different CT slice

thicknesses (%)

SRR TUMORO1 TUMORO02 TUMORO03 TUMOR04 TUMOROS
2.0 mm 0.96 0.97 0.98 1.00 0.99
3.0 mm 0.94 0.94 0.95 0.97 0.98
4.0 mm 0.93 091 0.94 0.96 0.97
5.0 mm 0.93 0.89 0.92 0.94 0.94
r{f -1.00 -1.00 -1.00 -1.00 -1.00
PiE 0.00 0.00 0.00 0.00 0.00

22 EHIPERTHEEX D, MEX

DL 1.0 mm CTJ2 )8 fr ) il 7 21X D, b 3,
ANTA] CT )2 JE LA I8 ik 7 #E 1X D, 28 A 5 2 i
TR, AR i AL X D, 5 CT 2R3 S5 1 A

% (11=0.80) , HLA Bt 2 CT J2 )5 B9 38 I i yai /N ) #4
e B TUMOROL U7 #LIX D, 5 CT )2 JEAH
XM K CE A B (P=0.10) , B L M JE
TUMORO02~TUMOROS5 ity #L X D, 55 CT JZ2 JEAH &
MK AR H 2 35 (P=0.00) o 4545 00 i g ey 81X
D, ki KAl ik 17.24 Gy, B8 TUMOROI ik
JYHLIX D, A - BB i T R .

R2 AFCT R ERMUBERITHXD,,, HEK(GY)
Table 2 D,;, changes of simulated tumors at different CT slice

thicknesses (Gy)

JZIR TUMORO1 TUMORO02 TUMORO03 TUMOR04 TUMOROS
2.0 mm -0.91 -0.34 0.60 -0.12 0.09
3.0 mm -13.17 -5.71 -5.61 -5.01 -4.65
4.0 mm -9.89 -8.77 -5.80 -5.65 -5.82
5.0 mm -15.29 -17.24 -14.37 -8.79 -7.11
i -0.80 -1.00 -1.00 -1.00 -1.00
P{H 0.10 0.00 0.00 0.00 0.00

2.3 RERITEEX D, HTK

PL1.0 mm CT )2 JEFr 4] 7L IX D, K3,
ANIA] CT )2 A AL b8 307 48 IX. D, 1A f 2N 2% 3
N B R TP X D, 5 CT 2SR IF A, B
BB CT )25 A 33 K a4, B0l g
TUMORO1 T HLIX D, 5 CT JZ 5 B 0 55 4 5 1k
(|r/=0.20) &b , 5 481 Jif 5 TUMORO2~TUMORO5 i 7
X D, 5 CT J2JE ¥ 258 A M (171>0.80) o BRAR
U TUMOROS iy #LIX D, 5 CT 2 JEHAH K HE
KR 5.3 (P=0.00) 4, H AL e AH DG 1 7K 7
A3 (P>0.05) . £ B PR 0T ¥R X D, A8 fk fi
KA 2.94 Gy, B TUMORO1 BT HEIX D,
ARAE - B Y v L AR

<3 TR CT R EESMERIT#EXD,, HEX(Gy)
Table 3 D, changes of simulated tumors at different CT slice

thicknesses (Gy)

ZE TUMOROI TUMORO02 TUMORO03 TUMOR04 TUMOROS
2.0 mm 1.08 -0.21 -0.05 0.12 0.22
3.0 mm 0.30 0.52 0.12 0.05 0.35
4.0 mm -0.15 0.25 -0.02 1.36 0.66
5.0 mm 2.94 2.24 0.44 1.84 0.85
i 0.20 0.80 0.80 0.80 1.00
PiE 0.40 0.10 0.10 0.10 0.00
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2.4 PR EEX CIRIZE L

PA 1.0 mm CT )28 Fr/a) i iy 7 #E IX CLO FEHE , AN
] CT JZ SR i F#EIX CTAY AR AL N2 4 IR , 4%
PRI THEIX C15 CT )2 EH R EAE(17>0.80)
HAKEE CT 2 BRI Ky, A0 b9
TUMORO1 . TUMORO2 748 X C1 5 CT JZJEAH
A3 (P>0.05) AU TUMORO3 I HEIX CI
5 CT)ZEA MK AR # 2 (P=0.00) , B48L iR
TUMORO04 , TUMOROS jity7#L X C1 5 CT JZJEAH %
TP 2 (P=0.03) . BRI TUMORO1 7 H#IL X
CIFf CT JZ AR AART BH 5841, AU g e v
X CIZEAL I/, B RIS T 0.11,

R4 TE CT REEMMERITEX CIHE KL
Table 4 CI changes of simulated tumors at different CT slice

thicknesses

JZJ&  TUMORO! TUMOR02 TUMOR03 TUMOR04 TUMOROS

20mm  -0.13 -0.03 -0.02 -0.02 -0.02
3.0 mm 0.08 -0.04 0.01 0.01 -0.01
4.0 mm 0.03 -0.01 0.03 0.01 -0.01
5.0 mm 0.11 0.01 0.04 0.02 0.01
r{H 0.80 0.80 1.00 0.95 0.95
P{H 0.10 0.10 0.00 0.03 0.03

2.5 fEIABhE AT S X nCIRI 4L

P 1.0 mm CT )25 /2] ey #E X nCl R FE i, AN
] CT )2 AR AL b8 0y 7 48 X nCI AR AR B 36 5 7
A KSR T IX nCI 5 CT J2 JEE 1 5 9 1E A1 ¢
(171=0.80) , LA BEHE CT |2 AE Kk sh, A
P TUMORO1 JE AL X nClL 5 CT )2 JE AR MK
A2 (P=0.10) , AL TUMORO02~TUMOROS ity 7
HU X nCI5 CT 2 EA MK # .35 (P=0.00) . 45
R RO P IX nCIBE CT )2 E A28 46+ 43 0 L
HEMHU R TUMORO1 T ¥ X nCTAUE AR fbf5c hy
R, ik 0.76,
2.6 FREIIHEE AT HE X 7B 35 % Coverage FIZT{L

PL 1.0 mm CT )2 J& 7 /) i i y7 8 X3 36 R
Coverage A FEHE , AN [F) CT J2 JEEA UL iy il i IX 7
i % Coverage WN3% 6 7 , 2540 g ke it IX 7 2
% Coverage 5 CT JZ ) 258 71 AH X (|r=0.80) , HA
Bl CT )2 55 9 35 fin ifiy A2 /N () e 3 . B J0L i g
TUMORO1 7 L X 5 75 % Coverage 5 CT JZJEAH G
oK SF RN B OF (P=0.10) , B L g
TUMORO2~TUMOROS JiJ7 # X 78 7% % Coverage 5
CT )2 JEAR MK PR 5 5 2 (P=0.00) o 24U ik 9

TUMORO1 7 X 2 75 % Coverage fifi CT |2 A8 1k
W, f i ] 35 29.94%

RS TFE CT B ERMMERITHX nCIHEL
Table 5 nCI changes of simulated tumors at different CT slice

thicknesses

ZE TUMOROI TUMOR02 TUMOR03 TUMOR04 TUMORO05

2.0 mm -0.12 -0.03 -0.03 -0.02 -0.03
3.0 mm 0.32 0.03 0.08 0.04 0.04
4.0 mm 0.19 0.11 0.15 0.09 0.05
5.0 mm 0.76 0.41 0.23 0.17 0.12
i 0.80 1.00 1.00 1.00 1.00
P{E 0.10 0.00 0.00 0.00 0.00

6 T CT EEELINEHTHEX B ZF Coverage BT (%)
Table 6 Coverage changes of simulated tumors at different CT slice
thickness (%)

ZR TUMOROI TUMOR02 TUMOR03 TUMOR04 TUMORO5

2.0 mm -1.11 -0.01 0.22 0.00 0.11
3.0mm  -13.97 -4.85 -5.58 -2.94 -3.50
40mm  -11.44 -8.67 -9.00 -6.30 -4.87
50mm  -29.94 -23.77 -12.40 -10.92 -8.99
e -0.80 -1.00 -1.00 -1.00 -1.00
PE 0.10 0.00 0.00 0.00 0.00

CT 2R T WA 2 3l [ A% PR B K
N, ZTERINU CT UG Z 307 TR W i , 2245
FRUSSON 14)5% Me R/) , J6 RE A% B S0 e e A i A 2 1T %
PITAAEIZERA o ARSI FEASCADL e s 2 T 2R
PRFR EARANER , A58 AR FH A 5 0 o =08k
PSR A AR K 1.0 mm CT 2 AR
DX A AR A 25 RAEL g [T A (SR ) R X AR R, A%
BFFEREAL g 4 XA TR 5 CT 2 IR i 6 R AR AL 5
] A Ah 2 2 B 5 A EE AR AR ]
AR AL i 95 TUMORO1 BIF 5% 45 5 & , B 480 ih
J¢ TUMORO1 U7 #8 X 45 SR8 A0 S I i vy T
AL, gRE . B 4009 TUMOROL [ H#E X D, 5
CTZERI A FGHHEHN, KL X D, .CL.nCI B 75
K Coverage R 5 CT)ZEAFE AN M, HAH
KRR EHIX D, .Cl.nCI, & %
Coverage U 4i o B Bk 8K 7 24, 28 4 B 5 45 40 i g
TUMORO1 [E A AR /N CT )22 & X5 L X2 1) A FH
[ 52 M 28 KA 6 . S B4 TUMORO!L CT )2 &



6 , - CT

- 671 -

KF2.0 mmAf, BOTHEIX D, AKX ] 9.89~15.29 Gy,
nCIZEAk X 8] 24 0.19~0.76 , HEL X 78 55 % Coverage £ 1k
IX[] 2 11.44%~29.94%,

— Bk UL, CTAE 0 E 2 H TP I X A1 I 21 80
(32 FEAE L nCHEECN B2 S B X 41 IE 5 2121
(132 EAR L, 1T LI BEAS S W iRg 48 DX 9 32 BRI L, IR
Rk Ty ) o L DX ) 7 3 T 0L, DG SRk H H
FHF RO B CLAREE A As F)a 22
AT ST , 52 CT 2 14 52 M AP g iy 7 I IX.
nCLHEEAY (34K 25 b IH b i3 T CLHE B (38 K) 281k
[ ASAIF AR e sy 7 T X 7 35 % Coverage JINBE CT
JZIESE I BRI S R, TR UG TR IX nCLAR P
BT R PEA Hp ) E R R

AT EAAS B IRE CT &% 8 2 B A B e
P /b % TR RS HA — 2 52, {H A SRR K
INELAL IR A 5 25 SR, 45 A S A0L e e 48 DX 71
S AR AR — 3, ARG g T (o FH o
HLA SRR A U AR R i 2 A AU A
WAy B A4 & K PIDL B[], Ui 7B X D,,,,
D,....CI.nCI 7 75 *8 Coverage ffij & oI 2 ™45 7 X
8, PRI SR XA ] CT JZ2 AN ) VAL i
AT R ARSI AT b . DA, AR R Y
s 5 B A 2% i 22 K, AN CT 2B X 1 81%
JEE 22N/ N R M R Sk BTS00 X9 e R M
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