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A Study of Interfractional and Intrafractional Setup Errors in

Radiotherapy by Cone Beam CT (CBCT) for Pelvic Cancer

WU Jun-xin', XIE Zhi-yuan?, WANG Yong-chuan?, et al.
(1.Fujian Cancer Hospital , Fuzhou 350014, China;2.A nxi County Hospital ,Anxi 350014, China)

Abstract:[ Purpose ] To analyze the interfractional and intrafractional setup errors in radiothera-
py for pelvic cancer and to estimate the margin required for clinical target volume (CTV) to
planning target volume (PTV)(Myyp). [Methods] Twenty-four patients with pelvic cancer were
treated with ELEKTA Synergy IGRT linear accelerator. Linear errors(X,Y,Z axis) and rotational
errors(U,V, W) were obtained by cone beam CT (CBCT). Interfractional and intrafractional setup
errors and Mpy were analyzed. [ Results ] Twenty-four patients received a total of 365 CBCT
scans after initial setup. The systemicrandom errors on X(left-right), Y (superior-inferior), Z (an-
terior-posterior) directions were(0.73+1.67) mm, (0.11£4.69) mm, (-1.77+2.60)mm respectively,
and those on U,V ,W directions were (0.81°+1.11°),(-0.01°£1.18°),(0.39°+0.88°) respectively.
All the setup errors were corrected. Comparing to the initial setup errors,the re-positioning set-
up errors decreased significantly (P<0.05). Setup errors after radiation delivery were increased
significantly compared to the re-positioning setup errors (P<0.05). Mgy before re-positioning was
4.93mm in X axis, 12.63mm in Y axis,7.06mm in Zaxis. After re-positioning Mpy was 1.25mm,
2.43mm, 1.67mm in X,Y,Z axis,respectively. [ Conclusion] The spatial distributions of setup
error is maximum in Y direction,moderate in Z direction,and minimum in X direction,and the
most of rotational error was less than 3°. Real-time online correction of setup errors using CBCT
can reduce the interfractional errors and improve the precise of radiotherapy in patients with
pelvic cancer. With the use of CBCT, My may reduce to 3mm in all directions.

Subject words:image-guided radiotherapy (IGRT); cone beam computed tomography (CBCT);
pelvic neoplams; CTV-PTV margin
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TN 38 JE W5 ST BEARIR T %M I g ik, 3
TR Y Fo2s S HIPIE [ 2 AR, hiy 3 i ]
SE FAR BT B A 1Y 8 52 S A T T 45 A0 1R 25 02
P i 5 H R B3 A [ S T A9 Im) R, A AT S i T R
YRR P | I A7 15 25 T 3 e T e A X5
il 0E A IS o B SR SRR GUR I X e €
AW TR 1 S N & BEiA Synergy IGRT Z G HL#E 1
FAR Y HETE K CT (cone beam CT,CBCT) 3l i &
HEUAEANLE RN R 2, AT IF S AR L 4] IE 2
BLUR2E T il 4 S e 8 O T I A 48 45 15 2 23 A R 10 5
FLYCHE i X B AR S BB IRYT J5 CBCT %L
SR N i RV T I eV S RN EES VA S = 1 B
GRT XA R 2L NGO AR R 22 2 I
A 5 i R HE DX (CTV) 233 #8 1X (PTV) 1 S il 31
- (Mpr) o

1 #AMEFE

1.1 —f#ER

F 2008 4 8 J1~2010 4 1 H /Y7 09 15 M 9 /2
1290 BTSSR S 5 0 B S 2 4]
Forp B3 14 9], 2ot 10 ], SR I MY = 2 35 4
SR o TR YT ALR 9 [ B BR A 2 B AE 77 1 Syner-
gy IGRT g £
1.2 ACEE KRB X & BFREEK (XVI)

JIT A B35 Y Ok T L RIS ORFIT Az 7= B 4 35 [
TEHR N LS H P R [ R AR AT
B AL CT FHE 44T MR 120kV,300mA | #
PR FE 13.75mm/rot, Jig #% 3 B 0.5/rot, M & 16
HE,JZE 5.0mm, [A]BF Smm, Smm T 7EIGI7 AT, 7%
N 37 ) R AT INE & (VA =S 02l 2 & S 7i/ A R el €1
Synergy IGRT #HLZL Y TR CBCT TR ML X L2211
AR XV, S HON « pelvis 360-F1-cw/ee (120 kV,
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1040mAs , M15 &L U4k ), Bef% 948 /A B2 A 180°~260°
FFIR, 2 100°~180°45 3, H34#i it 16mGy.

1.3 EiRERWKYE
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CBCT,X .Y .Z %l 7% 46 X 1 Pos 535

Table 1 Setup error after initial setup for a total of 365 times in 24 cases

N 364mm 897mm 63mm, Py 5 500mm.

Absolute value of setup error in various directions

Directions M+SD Mo Modi R P P
H N aximum edlan ange o5 99
1434mm 843mm, it X J7 1 75.9% X (mm) 0.73+1.67 630 120 630 364 500
<2mm,Y J5 ] 32.3% <2mm,Z Jj [} Y (mm) 0.11+4.69 1620 310 1620 897 1434
53.2% <2mm,U J5'In] 88.8% <2°,V J7 Z(mm) -1.77+2.60 9.40 190 940 630 843
1 95.9% <2° 7 J7 [ 98.9% <2° ) 0.81+1.11 3.50 1.00 350 260 343
V(°) -0.01+1.18 4.00 1.00 400 200  3.00
(Table 1),
o ) W(°) -0.39+0.88 3.00 .00 300 200  3.00
22 BUREMNHELZYERR
24 I H A 13 0] HEEAREYE G Table 2 Setup error for 600 times CBCT scanning
) i ’ in 13 cases
FRRATHS 2 Wk CBCT =4, LAWLEE IGRT X #2437 1% . » T —
Directions  Initial setup Re-positioning  Post-radiation
F Q"SL' < e RV RN S Fp vfr
2L LRSI SRR O, 3R T )5 L BIAT S 3 K X(mm)  086£1.79  -0.01:034  -0.05:0.49
CBCT 4, LLULEL T /0 IR % 2%, M5 T My Y (mm) 1.33+4.74  -0.47+0.60 -0.92+0.80
(- SRR BRI e 28 4 IR it 22 )5, 5 Z(mm) -1.75+2.84 0.31+0.55 -0.10+0.71
H CT A HAD A7 7R B 2% |, (FLR 3 W LU f EE; ggjgg ggggfj g;jggj
° — + + +
PN B o 03+1. .06+0. .04+0.
FEAR, Sit &R 21 R X (Table 2, P<0.05). TR W(°) ~0.60:0.74  0.02+0.39 0.02:+0.38
ST I R TR 22 B A IE J5 (938 K (Table 2, P<0.05).,
23 My itEER Table 3 Pre-correction of setup error(mm)
] 77 - nteriractional(initial setu ntrairactiona ost-radiation ota
WIERTEA 20 M Heme _terfractional(nitial setup) ~Intrafractional (post-radiation) Total
X Y 7 X Y 7 X Y 7
§ Ao
252 ¢ +0.70 22 AR > 1.58 4.02 233 0.29 0.54 034 161 406 235
2 IE /i J§ Mpy {H (Table o 1.21 3.47 1.56 0.45 0.68 066 129 354  1.69
3.4), My 480  12.48 6.92 1.04 1.83 131 493 1263  7.06
Table 4 Mg,y post-correction of setup error(mm)
s 3 Re-positionin, Intrafractional (post-radiation) Total
I B I = =
I ik tems X Y 7 X Y 7 X Y 7
> 0.20 0.49 0.30 0.29 0.54 034 035 073 045
MR ROTR R o 0.28 0.53 0.41 0.45 0.68 066 053 086 078

W) BB o WA AR M 070 160

1.04 1.04 1.83 1.31 1.25 2.43 1.67

Xt , AN G R h A

SR F A B B INE N A s IR L B
o 70 2 R B S ) A B i A8 G 3h 45 A R i 42
A %) 5 2 1 BT B R 4B R 22 AR AR 5T R AT
A ERFE 2 F A 72 1Y Synergy IGRT Jin i 4% , i 1 HL
TR CBCT M 2 I F | Hexa-POD 647 PR3
B £ 21 1 0 P s R 3 A R 22 L A B 24 1R
#3365 W WARAL R CBCT %dis, 2558 3 W R (i
i FH B2 i P g [ s [ AT PR
BT i R AT AR AR R AR R 2 b Y O
AV R 22 B K, Z IR 22, X T 48 0 1R 25 I
AN, MR R 25 UV.OW Bl B8 45 XFE 18 Pos N
2.6°.2° 2°, Py A 3.43° 3° 3°, R4 K 4 9 E 55 1%
Z/NTF 30, ARBEF AR X I AR E R Y Z
07 ] AR AR 22 /0N, AT BB B SR B EME | 4 4
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Lo BRI P [# E JE 1 5 2 A BR i Hz 2, BB # 8l
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24 Bl R AT 13 )RR TR R S
AR IEAIE 5 IRYT R0 B4 CBCT £13t, LA T fi#
AR ZE R A IE N O, B0 I N R 7 1% 22 70 B
LR R A IE SR AR R BB 1R 22, R R AR
i 3o 7 2 S I 2 T AR L 1R 22 AT O v e A A IE AR
VAT T R AL 5 OE AL CT I iR 7 58 42— 2,
X 55 HLA R W 8 LA K ] T G AR R 2R YA B R
N A SRR A4 %, (Hilid IGRT A
CIR 0 CIg T 2 Y- - RN LTEES VAP T
BT AR BT . 36T IR BERAL R 22 B2 IE IR IR
R 228G R (P<0.05) , 45 5 Ul WA 4 10 IR Ty b A1
LU ] 1) 4% 32 gl AR JE B 3 Uk A R 25 7 AL
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o AR TF I My BN 58 240 0 TR P 1R 25 1) 5%
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M van Herk 2231545 2 09 4] IE T X\ Y . Z
J7 11 B My 53 514 4.93mm , 12.63mm ,7.06mm , 45 5
HUAEE XY Z A4 X E ) Pos 7314 3.64mm
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FEH] CBCT Joik il 16 7 i F2 i By N B A% B 3l &5
A T R, PR AT A My 78 X J7 1)
Smm,Y J7H 15mm,Z J5 18] 10mm, XFERVREELHE
UAEANL S 25l 99% W A%, SLAE N /2 van Herk 242X
FER X BRAF-45 )0 EPID & 5 1) 23 s b Jeg £8 25
AR 1R 22 | 1 AR [ 1 ARSI 5 67 48 i, R i Y
[ 2 B [ 2, L7 25 R LU 1 IRIB LR A& %,
XY Z Jr m A8 22, w4 i CTV Ahik
PTV % & X J5 ] Smm,Y J5 M 10mm,Z J5 M 15mm,
XI) BR - A5 O A5 1) i RS 10 1% 25 B K, AT RE H HOR
ST R R U BT 438057 IR M 438457 o &2 1k 22 | R
o7 AL Al [ 2 1 A8 5 2 o L BT R e
RBALA K,

M CTV 3] PTV ShHCi 580 46 /N 2 6 7 fig
BRI EE RN R Z—, IGRT £ AR5 T,
AN IE 43Uk 6] O ER AV 158 25 | 38 /R0 007 O RS B 12, 1
FL AT A R B4 CTV %] PTV AN R AT
5ROk A W] CBCT 7R 2N IEER A1 R 22 /5, W 4 1E
Jg X Y.Z 751 B Mpy 43 3~ 1.25mm,2.43mm,
1.67mm, BT A 75 AL AP 3mm 3288 T, R %
R SUAR VS R AR R AR R 22, RO
H X 3z 2 A8 I8 Tk 38 B B kG i D o, Ol R 52 B
FHA A BTSSP 5t . E AN B 58
KW, AT IGRT 51y, W 2 45/ CTV F| PTV
Y 301 5 B T R B P T, Enmark 55 7N
CBCT #5815 B i O ER 0 18 2%, S5 SR WU 1 7
1] Mpry B 4mm, Enmark 75 H 0924 1E J5 Mpy (4mm)
FEARBF GBI 455 Bmm) K, X AT S5 AT RN EA K.
OFRATITATFFE B9 B4 52 2% ASABLEE i 81 o | 38
LG B E B S QFEFRATT 5T b, g
XEA A G EmIR &Y, X200 R 25 1 I 2 7] 58
fEtEfm 2 ; QAT EWIEN RN R 2, Mg K
AN EIHEAT A IE | 1 Enmark 25 (9 8F 58404 K F 2mm
B 2 AT A IE
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FETERY, oY Jy B iR 2 K, Z ik 2 X 7
] /0N, BB 18 25 — O R L 305 i CBCT S5 1-
GRT, ] 7E 4k 52 B 24 1F 43 Uk ] A #5000 158 22 48 i 07
ARG B 85 5 4 P e R T 2o A v A U N R 25 B B 7
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