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[ Abstract] Objective: To study the inter-fractional setup errors and its influencing factors of the patients treated by im-
age-guided body gamma knife. Methods: Positioning errors in 211 patients with solid tumors treated with image-guided body
gamma knife were retrospectively analyzed. The initial setup error obtained by the first image-guided positioning in each frac-
tion treatment for each patient was the pre-corrected setup error. After the error correction using the automatic treatment
couch, the residual setup error obtained by the image-guided positioning verification was the post-corrected setup error. Setup

errors in lefi-to-right (L/R) (X), anterior-to-posterior ( A/

[YFEHI] 2019-08-07 [fEEIBHI] 2019-12-21 P) (Y) and cranial-to-caudal (C/C) (Z) direction before and
[E€WB] "HERELSRITBE (45 :2017YFCO1  after correction in each patient were collected, and overall set-
13700) 5 U148 TLAE @R ZS B s BHFVEL (45 :18PJ193) up errors were calculated. The setup error data of 2838 frac-
[BEFEE] 223K %E, E-mail :409151898@ qq. com tions of 211 patients were statistically analyzed, and its related
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influencing factors were discussed. Results: Pre-corrected errors in /R, A/P and C/C direction and their overall setup er-
rors ( mean # standard deviation) were (1.17 +4.75) mm, (0.02 £2.94) mm, (0.29 +4.34) mm and (6.24 £3.52)
mm, respectively. The corresponding post-corrected errors and their overall setup errors were (0.13 £0.93) mm, ( -0.13
£0.67) mm, ( —0.06 +0.51) mm and (1.07 £0.67) mm, respectively. Residual setup errors after image-guided cor-
rection significantly decreased, with statistical difference (P <0.01). Meanwhile, overall setup errors in the supine group
were better than those in the prone group (P <0.05). However, abdominal belt and different methods for fixing both upper
limbs had no statistically significant influence on the positioning errors after correction (P >0.05). Conclusion: Image-
guided positioning system based on the technology of X-ray stereoscopic planar imaging of the kV level is integrated to body

gamma knife, which greatly improves the positioning verification accuracy of body gamma knife and meets the clinical re-

quirement of stereotactic body radiation therapy.
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Figure 1. Initial Setup Errors before Correction
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Figure 2. Residual Setup Errors after Correction
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Setup Errors before and after Correction ( Mean + Standard Deviation)

Overall results L/R (X) (mm) A/P (Y) (mm) C/C (Z) (mm) OSE (mm)
Before correction 1.17 £4.75 0.02+£2.94 0.29 £4.34 6.24 £3.52
After correction 0.13 £0.93 -0.13 £0.67 -0.06 £0.51 1.07 £0.67
P 0.001 0.009 0.001 0.001

L/R (X) : Left-right direction; A/P (Y) : Anterior-posterior direction; C/C (Z) ; Cranial-caudal direction; OSE; Overall setup error.

Setup Errors in the LIR(X) Direction

Before Correction After Correction
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Figure 3. Setup Errors in the L/R (X) Direction before
and after Correction

Abbreviations as indicated in Table 1.

Setup Errors in the A/IP(Y) Direction
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Figure 4. Setup Errors in the A/P (YY) Direction before
and after Correction

Abbreviations as indicated in Table 1.

Setup Errors in the CIC(Z) Direction
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Figure 5. Setup Errors in the C/C (Z) Direction before
and after Correction

Abbreviations as indicated in Table 1.

Overall Setup Errors
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Figure 6. Overall Setup Errors before and after Correction
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x2 ZHAREMKRERHZBMRESITER (BE L HEE)
Table 2. Setup Errors before and after Correction in Three Groups ( Mean + Standard Deviation)
Variable L/R(X) (mm) A/P(Y)(mm) C/C(Z)(mm) OSE(mm)
Head and neck group Before correction 0.88 £3.68 -0.78 £3.21 -0.21 +£3.42 5.48 £2.60
After correction 0.04 +0.89 -0.10 +£0.64 -0.00 +0.52 1.05 £0.61
p 0.008 0.011 0.462 <0.001
Chest group Before correction 1.53 £4.28 0.05+2.92 -0.20 £4.25 6.05 £3.27
After correction 0.19 +0.97 -0.16 £0.72 -0.11 £0.58 1.18 +£0.68
P 0.001 0.009 0.395 0.001
Abdomen group Before correction 0.86 +5.23 0.07 £2.91 0.82 £4.45 6.52 £3.81
After correction 0.08 +0.89 -0.10+0.63 -0.02 +0.42 0.97 £0.66
P 0.001 0.031 0.001 0.001

Abbreviations as indicated in Table 1.
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Table 3. Setup Errors before and after Correction in Supine and Prone Group ( Mean + Standard Deviation)
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Variable N L/R(X)(mm) A/P(Y)(mm) C/C(Z)(mm) OSE(mm)
Chest group Before correction Supine group 841 1.51 +4.60 -0.38£2.19  0.39 £3.91 5.73 £3.30
Prone group 484 1.57 £3.67 0.79 £3.76 -1.24£4.60  6.59 +3.14
v -0.293* -6.252* 6.551* -4.657
P 0.769 <0.001 <0.001 <0.001
After correction Supine group 841 0.17 £0.85 -0.09 £0.56 -0.09 £0.52 1.00 +0.58
Prone group 484 0.24 +1.13 -0.29 £0.92 -0.13 £0.67 1.49 £0.72
% -1.295* 4.193* 1.026* -12.468*
P 0.196 <0.001 0.305 <0.001
Abdomen group  Before correction Supine group 978 1.06 £5.41 0.08 +2.43 1.33 +4.10 6.33 +3.85
Prone group 389 0.35 +4.70 0.06 +3.87 -0.46 £5.02  7.00 +3.67
i/t 2.414* 0.090 * 6.266* -2.948
P 0.016 0.928 <0.001 0.003
After correction Supine group 978 0.07 £0.74 -0.04 £0.46 -0.00£0.38  0.80 +0.53
Prone group 389 0.12+1.18 -0.24 £0.91 -0.09 £0.51 1.41 £0.76
v 0.770* 4.263* 3.023* - 14.633*
P 0.441 <0.001 0.003 <0.001

* Approximate t test was used for pairwise comparison among the groups with heterogeneity of variance, and t’ was used to indicate the statistics in this

case.

Abbreviations as indicated in Table 1.
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Table 4. Setup Errors before and after Correction with Two Methods to Fix Both Upper Limbs ( Mean + Standard Devia-

tion)
Variable N L/R(X)(mm) A/P(Y)(mm) C/C(Z)(mm) OSE(mm)
Chest group Before correction Overhead 1084 1.34 £4.15 0.24 £3.03 -0.29 +£4.24 5.99 +£3.23
Beside body 241 2.38+4.74 -0.80+2.16 0.22 £4.24 6.30 £3.41
t/t’ -3.134% 6.225% -1.687 1.321
P 0.002 <0.001 0.092 0.187
After correction Overhead 1084 0.21 £0.96 -0.19+£0.71 -0.13 £0.57 1.18 £0.68
Beside body 241 0.10 £0.97 -0.07 £0.72 -0.00 +£0.61 1.18 £0.66
t/t’ 1.593 -2.329 -3.078 0.008
P 0.111 0.020 0.002 0.99%4
Abdomen group Before correction Overhead 1184 0.56 +4.91 0.08 £2.98 0.95 +£4.38 6.35+£3.61
Beside body 183 2.74 £6.66 0.05 +£2.40 -0.03 £4.83 7.62 +4.75
t/t’ —4.254% 0.140* 2.593% —-3.469*
P <0.001 0.889 0.010 0.001
After correction Overhead 1184 0.08 £0.88 -0.11 +0.63 -0.03 £0.42 0.97 +0.65
Beside body 183 0.09 +£0.93 -0.04 £0.63 -0.01 £0.44 0.98 +0.71
i/t -0.127 -1.229 -1.051 -0.150
P 0.899 0.219 0.294 0.881

* Approximate t test was used for pairwise comparison among the groups with heterogeneity of variance, and t’ was used to indicate the statistics in this

case.

Abbreviations as indicated in Table 1.
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Table 5. Setup Errors before and after Correction with and without Abdominal Belt ( Mean + Standard Deviation)

Variable N L/R(X) (mm) A/P(Y) (mm) C/C(Z)(mm) OSE(mm)

Before correction Without 713 1.05 +£5.56 -0.07 £2.15 1.10 +4.01 6.21 £3.90
With 265 1.08 £5.03 0.48 +3.04 1.97 +4.28 6.65+3.70
i/t -0.091 -2.6917 2.980 1.577
P 0.928 0.007 0.003 0.115

After correction Without 713 0.07 £0.75 -0.05+0.44 0.01 £0.38 0.80 +0.53
With 265 0.06 £0.71 -0.02 +£0.51 -0.02 +0.39 0.80 +£0.53
i/t 0.209 -0.908 1.185 0.017
P 0.835 0.364 0.236 0.986

* Approximate t test was used for pairwise comparison among the groups with heterogeneity of variance, and t’

case.

Abbreviations as indicated in Table 1.

was used to indicate the statistics in this



.26 - MR BT 5677 2020 4E 1 H 55 33 %55 1 #] J Cancer Control Treat, January 2020, Vol. 33, No. 1

3 i

AHESE 2R F i [ P2 1GPS R 51 G 1 R 5¢
BT XA AT SR A R 5 E R -
B 8 # TIGRT AR (3£ [H Accuray 24 A Cy-
berKnife . f% [€ Brainlab /5] Exrac Trac) 34K 4H 4],
AP KV X B EAR ANA T TR CT
PGS 4 - =4k (2D-3D) IR o, AR 4k R
ALY B SR R AR RS AR AL IE B
UE BB AT, LASE X £ E R 00 o

AT R ER (R 1K 3 ~6),211 fil %
2 838 SRR B S| S EN R ERIE ETE A
J5 1) R FE 7 1) Sk R T v ASA I R AR AR A 1R 2%
B R, 2R A G EE (P <0.01) ,0SE 1)
PIE A EFTY 6. 24mm J/N B IEFRY 1. 07mm,
W Smm 2 25 AE S AL WA A IR FR 4L AE OSE
ERGERT R EERZE A B B>, 25 A g
MY (P<0.01), KM, 8 BRG] 5 &M RGETE
AE AL AL I, B b 7R AN ES IT i 43
EEES DAY=

AWFFEHR 3 H R LR L 5 IS, BR T A ER A
JI0 B SRR ], ST EML . IRY7 IR AL X2 AL
REMREM LR 7R (3£ 3) , A8 v 20 8 2 16
Y1 A IERT JE IR IR2ETE OSE -, A EM7 A8 06 Kb
(P <0.01) . Mulliez %" 43 242 {51 7L i 28
B FL IR R B R 25 25 SR IR E AR E S
RMYLAE Sk AV 7 1) A 4 158 22 A G, S5 00T BMA R il fe
i e D7 A AR AL IR 2 AH G (P <0.05) o 434
LIS RITT BB A < 1) DRF EIM Fof g A 4 B e 52 5 2 A
Xof FAM ML Sy BE B O 52 ) AT BMAZ A8 5 8 T 35 B T
ARFRIMAE , A7 0 52 B 5 3 ) e A6 S B i
BNl 55 0 AR e A AR T R A5 o PRI, A AR
SR BEIEFEANEML , BEA R S BT TR

AHFFEER o3 8 PR s 2 D B (s R O T o A2
£ DI Nl (157720 s 2 N P O s A i e
PLEREALRZE N 45 R B (£ 4) , B if 4
IERT 5 OSE B2 F TG E X (P >0.05) ;70
BB 22 AR 5 | 5 0 6 g WL JBE [ 7 £ %t OSE
MRS 7 B L (P >0.05) . L, 55
SENLRGTIA A BT 9800 X i 5 A
OSE 520, A F| TR £ 4 1 8T8 10T AR, SRAETR
SRR

I TARFRANED T 8 B iG55 2 (A KR, Jo ik H
ABC ST 45 WULEE 7 CT 45 Jy sl P 1

2R AR IX B BE R 5 45 S IR ER NS U A B
ST AT SRR 220 € 114 R 7 i 5 R o I 152 3
JEE | BRI S IR B LR 22K B, — BRI RO
TERYER R R IR XHERAIIRZZ R AR (R 5)
SRR R 1R 22 A s 7 1) A Sk e O 1) L 22
FAGIH AR (P <0.05)  {HAEALIEHT OSE AZIE
Ja# A J7 ) & OSE 22 ¥ oG it i L (P >
0.05). Kk, F&51FEMARGENGIA, Al LA
A B AL IR ZE IR

ARBFFEA KL Z AL 16T v AR PR P T R %
AFIFRALIEEAIE DR R E ARG ST Sk
- A CT F1486 45 7F . DRR BIG i 5% iR 2242
TEAEHATHTTE AL LA K it — P T A SR IE

BT KV G X S AR TSR AR Y
K51 e MRS, SRR TJH A& /AT, TH90h
PER G S ARERAND I, B Rt 42 i 1 PR AR A3 T 14
LIRS B, 6L SBRT 677 IR R 2K

EERR A X2 MEL X THRAMET 8L
SCH I 3 AT A AR NS JF AR E IS U
B Fia B BEFHFCHBARAERSE, T
BEHE,

FARAG A A F R K AT R T
& % ] ( CNKI) B B8 Tl 2 AR F 3 SOk & St 8y
FART AR

BTIFW: £ FAT & X W g 4w, 3K 5| fl K &

FIZE SR BT A 1E# 34 A A8 5o R

MEMAA: ACH A E 5 2 mEx&F T #®
XA F o

[ &% 3xik]

[1] Ager BJ, Wells SM, Gruhl JD, et al. Stereotactic body radiothera-
py versus percutaneous local tumor ablation for early-stage non-
small cell lung cancer[ J]. Lung Cancer,2019,138 :6-12.

[2] LinTA, LinJS, Wagner T, et al. Stereotactic body radiation ther-
apy in primary hepatocellular carcinoma: Current status and future
directions[ J . J Gastrointest Oncol ,2018,9(5) :858-870.

[3] Al-Shafa F, Arifin AJ, Rodrigues GB, et al. A review of ongoing
trials of stereotactic ablative radiotherapy for oligometastatic canc-
ers: Where will the evidence lead? [J]. Front Oncol, 2019,9 :
543

[4] Xia T, Li H, Sun Q, et al. Promising clinical outcome of ster-
eotactic body radiation therapy for patients with inoperable stage
I/11 non-small-cell lung cancer[ J]. Int J Radiat Onco Biol Phys,
2006, 66(1) :117-125.



IR BT 51697 2020 4F 1 H 55 33 %45 1 ] J Cancer Control Treat, January 2020, Vol. 33, No. 1 .27 .

[5] Wu D, Zhu H,Tang H, et al. Clinical analysis of stereotactic [12] BYL, Bl Y. BUR 51 S 200 v SR ST AR m UG

body radiation therapy using extracranial gamma knife for patients IR J]. i E #2475 ,2016,5(6) :352-356.
with mainly bulky inoperable early stage non-small cell lung carci- [13] FFZRL, 2e4ehs. REsimes IG5 SR A EL)]. hE
noma[ J]. Radiat Oncol, 2011,6 :84. BEYF ik 45,2014 ,29(10) :4-8,68.
[6] Kang J,Nie Q,Du R,et al. Stereotactic body radiotherapy com- [14] Ho AK, Fu D, Cotrutz C,et al. A study of the accuracy of cy-
bined with transarterial chemoembolization for hepatocellular carci- berKnife spinal radiosurgery using skeletal structures tracking[ J].
noma with portal vein tumor thrombosis[ J ]. Mol Clin Oncol ,2014 , Neurosurgery, 2007, 60(S1) :147-156.
2(1) :43-50. [15] Fu D,Kuduvalli G. A fast, accurate, and automatic 2D-3D image
[7] LuXJ, Dong J, Ji LJ,et al. Tolerability and efficacy of gamma registration for image-guided cranial radiosurgery[ J]. Med Phys,
knife radiosurgery on hepatocellular carcinoma with portal vein 2008, 35(5) :2180-2194.
tumor thrombosis[ J]. Oncotarget, 2016,7(3) :3614-3622. [16] Penney GP,Weese JA, Little JA, et al. A comparison of similarity
(8] EIER, FMRIE, T, 5. RIS y-JII69T 52 Bl IRIE 973 measures for use in 2D-3D medical image registration [ J ]. [EEE
AL )] s AERFAE SRR SR ,2006,12(2) : 86-88. Trans Med Imaging,1998,17(4) :586-595.
(9] Hh%E, ABxds, 2500, 4. RIS J1I8Y7 & I IR EE R 95 24 1) [17] Mulliez T, Gulyban A, Vercauteren T,et al. Setup accuracy for
ML) MRS 5w R, 2014 ,26 (10) :673-676. prone and supine whole breast irradiation[ J|. Strahlenther Onkol,
[10] FF3CA, MM, R4, 55 G | SR TR A ED J1 R 47 1A i PR L 2016,192(4) :254-259.
FZCRLT]. A E PR 25541 ,2015,12(13) $132-135. (18] XURE-, s , XS0, &5, PRI 12 BOR LA AR 4 4 =0 1
[LL] X, A, Rediil , 4. G | SRy (e R TR 5 036 LI /N2 AT 988 /N e S AR SE T O AR LT ] R 5
ITRGHRMMNALT]. BEyF DA2%4,2016,37(12) :9597. B 51877 ,2019, 32(8) :707-710.
B R i e e e e e e e e e R R R R R T B B B B o e e e e o o o e e o

ik HeH -

CHPRE TR 53697 ) SCERAF 1 ST B T FARIR VIR AR ——
MR/ A B AR TR

AR HUAR R 03 32 A1 N, 7 B2 e [ 58 A S 3K [ 1 3 3 b DX 2 28 JoA o Pk e o o DL D SR T
HRAfE 2018 AE%5dk , 4Bk HAR IR KO 380 6. 7/100 000, 3815 BEAF B il ik 19 T3 (194 232 1)) . FARIABYT
JE HUAR Bvsis 20 A R0A T T B, AR50 AR B T ARS8 3 35T U 151 2% 58 DD FHOR B , AN AT 3k G, b 7 S50 35t B )
DLBYEIRE , XA TR A B AR I 5, SR 25 AR AR A I, ™ T S 0 B 2 S AL e B OB . M Gag-
ner 1996 4E5¢ 1 18 I NG B T HUARIRSZ I TR LUS , SMBHBE 2 © 48 0T DUAE s S 0 B T AE BA M f 24
FRAL A SE AR IR DI BR , AT 0k S 1 S0 AT WJEIR o SR 456 AR BEHE B T R IR DI BR 4
I A 0 U A s B B FH ORI DB T B B A B, [R1IRE B LA 25 4, LAS b HROIR I g SRRk Mol A
SRS

BEEE1Z S IE B AN PR www. zlyfyzl. en 8% s o #EFFE S0 B 4% 4% htp . //125. 71. 214. 100 801/ Jwk _zlyt/
CN/ abstract/ abstract267. shtml &

Bkt



