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Robustness of postoperative intensity-modulated radiotherapy plan for cervical cancer

ZHU Zhipeng, LIU Wenqi, ZHU Huijun, HUANG Jiqin, LIAO Xihong, LI Guihua
Department of Radiation Oncology, the Second Affiliated Hospital of Guangxi Medical University, Nanning 530000, China

Abstract: Objective To discuss the sensitivity of dose distribution of postoperative intensity-modulated radiotherapy (IMRT) plan
for cervical cancer to setup errors which were simulated by shifting the isocenter. Methods Postoperative IMRT plan was designed
for 30 cases of cervical cancer. Assuming that all the systematic errors were in the same direction, the isocenter was shifted by
+3.0, £5.0 and +£7.0 mm along the original axes of X, y and z to simulate the setup errors in left-right, abdomen-back, and head-
feet directions, respectively, and the effects of setup errors on dose distribution were analyzed. After the recalculation of dose
distribution without changing optimization conditions, the dose-volume histogram parameters of 30 reference plans and 540
recalculated plans were obtained. The differences in different directions were analyzed by paired 7-test. Results When the error
was 3, 5 and 7 mm, the average deviations of declines of CTV Dy and PTV V., were 0.16% and 0.55%, 0.44% and 1.72%, 0.89%
and 3.41%, respectively, and the frequency of excess V,, of small intestine, rectum, bladder, left femoral head and right femoral
head were 2.22%, 0.00%, 0.00%, 0.00%, 0.00%; 11.11%, 2.22%, 0.00%, 4.44%, 4.44%; 15.56%, 6.67%, 2.78%, 13.33% and
14.44%, respectively. The results of paired ¢-test showed that compared with the setup errors in x and z axes, the setup error in 'y
direction had greater effects on CTV Dy, and PTV V,, (P<0.05, P<0.05); and that the V, of small intestine and bladder was more
affected by the setup error in back direction than the setup errors in the other directions (P<0.05, P<0.05). Moreover, the effect
of the setup error in abdomen direction on the V, of rectum was the greatest (£<0.05); the V, of left femoral head was more affected
by the setup error in right direction than the setup errors in the other directions (£<0.05), and the V,,of right femoral head was more
affected by the setup error in the left direction (£<0.05). Conclusion When the setup error was smaller than 5 mm, the setup error

has insignificant effects on target doses and the V, of small intestine, bladder, rectum, left femoral head and right femoral head,
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which indicates the postoperative IMRT for cervical cancer was robust. However, with larger setup errors, the plans were no longer

robust. The reason for that must be found before treatment, and if necessary, the device for positioning needed to be remade.

Keywords: cervical cancer; robustness; setup error; intensity-modulated radiotherapy
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12.78% ,PTV V| F#>3.0% B 231705114 0.00%
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PTV V, NFESRE 34 (%)
Tab.1 Frequency analysis of the declines of CTV Dy, and PTV V,,
with different systematic setup errors in postoperative intensity—

modulated radiotherapy (IMRT) for 30 cases of cervical cancer (%)

24 Rz W x y z it
CTV Dy 3 mm >0.1  56.67  78.33 50.00 61.67

>1.0 0.00 0.02  0.00 0.56

5 mm >1.0 0.00 3833 0.00 12.78

>2.0 0.00 0.00  0.00 0.00

7 mm >2.0 0.00  26.67 0.00 8.89

>3.0 0.00 0.00  0.00 0.00

PTV Vg 3 mm >1.0 0.00 2333 11.67 11.67
>2.0 0.00 0.00 0.00 0.00

5 mm >2.0 2333 7833 4833 50.56

>3.0 0.00 15.00 0.00 5.00

7 mm >3.0 95.00 100.00 75.00 90.00

>5.0 333  41.67 0.00 15.00
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TR X R4~ 84355 75 77 1a] 5 HoAth 77 o] /)N
W Vs, JE T3 ) 5 Al T ) BV Vs, T 1) 5 A T
i) JB5 I V5o A 77 1) 5 FL A Ty 1) 22 SR B3k Vo A2 )
5 HAT7 100 47 e 3k Vo R/ e K96 1) PAE AN ¢fF . 152
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Tab.2 Frequency analysis of excess V,, of small intestine, rectum, bladder, left femoral

head and right femoral head with different systematic setup errors in postoperative

IMRT for 30 cases of cervical cancer (%)

X

y z

2R B Bt
7% £ i G} i B
AN A 3 mm 0.00  0.00 0.00  10.00 333 000 222

5 mm 0.00 333

7 mm 0.00 6.67

EHW Vs, 3 mm 0.00  0.00
5 mm 0.00  0.00
7 mm 0.00  0.00
JBEIE Vo 3 mm 0.00  0.00
5 mm 0.00  0.00
7 mm 0.00  0.00
ZEBeE 3k Vs 3 mm 0.00  0.00
5 mm 0.00 26.67
7 mm 0.00  80.00
FiE 3k Vg, 3 mm 0.00  0.00
S5mm 2667  0.00
7mm  86.67  0.00

0.00 43.33 20.00 0.00 11.11

0.00 66.67 20.00 0.00 15.56
0.00 0.00 0.00 0.00 0.00
13.33 0.00 0.00 0.00 2.22
40.00 0.00 0.00 0.00 6.67
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 16.67 0.00 0.00 2.78
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 4.44
0.00 0.00 0.00 0.00 13.33
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 4.44

0.00 0.00 0.00  0.00 14.44

REARAL R B8R 22935124 0.73 .0.11 F1-1.77 mm, MEF
GBI IRZE Y x y Fl z 77 [0) (0 46 X 407 1R 25 Py 47 5]
43.64.8.97 F16.30 mm. {5 I F 45 AT 22 141 F 3
Tee s N AT MSE I8 5 0T IR A 152 25, e x Ly Rl 2 J7 1]
FIREARAL R SR 2243 31 °8-0.92 .0.29 £10.06 mm, Tfijf~
PRI 1R 25 19 x .y Fl 2 07 0] 18 46 X 4867 1R 22 Py 7 5
7 4.10,7.51 F14.29 mm. A WFFEHE HE S0 A
YIS, A RMSE Y434 15 25 BEBH S/ N TR RIMO7 PR 437 5%
ZE0S R IRATT O R 1R 25 40 BT LA e S 75 LU
SRR TR A R FRATTEU T MR R G iR 2 R
(3 mm) . (5 mm) DA ARG M (7 mm) .

FRATTR FH LT ¢ 6 56 % A [) 7 1) i3 22 647 % L
Af & B . (1) y §ll CTV Dy 1 PTV Vi, F B/ F x
%l (P<0.05) A1z (P<0.05) ; (2) T T 181N Vg, i T
A7) (P<0.05) 5 (3) I 7 1l EL Vo i T A 7 )
(P<0.05) 5 (4) 15 7 M B V5 155 T HoAth J7 1] (P<0.05) .
yHHiRZE XS CTV Dy HI PTV V., B8 SR J5 2 il T
NHATE AL Ty #71 . B TN R B AR X
R Z | e X TR AT DL Ak B B g A i B 2 4
HAE /N N EL AR o Y y Bl 22 3 K e 31X

AP A 1) S OO A DX, o gl e A A X R
MR Z . ANEDT R 22 S BUNG B RUB BV,
BRI JA DR 2 s S T B A AR I 57 T R
(1, iR 25 5 (A5 1IE 4% 5 23 A B fR G Erh
B QN5 7 [ 35 25 A 45 /N i s I B 22 2F A 5] B S5 18
ORI /N RS I AZ BRI TR R 2, A7
FIMFIEE L, 2, IR,

il 72 R B A A b Ty ) A 45 7 PTV, IF H
PTV W R PP T RIE 25 o 730 XA il 3k ik
— B IME RN R 22 R A R R A
iz Bl RIS AN 1 X R R 52 ), PTV (4 55
HARTRSE R T 15 25 A 75 I I X B S A9 5] A
T B9 W 3%~5% 77 ot Ml 25 7] (o J e £14) 42 ol 2
TR RIS PTV A5 I 22 3% D b iR AR
fit . AWK CTV Sk 5 M 4P 10 mm, H 4307
] Z8 i 7 mm JE B PTV, 45 5 i /R 4240 1% 22 <5 mm
B 8 X550 A Ak T 43 R IE i B R RS A R 4 A
N X B E SR ARG IMRT %) L cfafd, 4w
38R A B, 01X 5] R I A B R b A R AR Ak B
IR 3 3 W B SRR AR S5 IMRT -5 v X 51 £ A
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Tab.3 P and ¢ values of paired ¢—tests on CTV D, and PTV V,,

between systematic setup errors in y axis and those in x and z axes

3 mm 5 mm 7 mm

ZH SEiHE

X z X z X z

CTV Dy fii  -495 372 -688 -6.05 -8.69 -7.11
P 000 000 000 000 000 0.00
PTV V,, Hi  -638 312 944 -572  -10.74 -10.90

PfH  0.00 0.00 0.00 0.00 0.00  0.00

FRA4HFENBREEEIMRT EHES5HEMAFRARKIRE
NV KANEERT e 4030 B9 PEFA ¢ {E
Tab.4 P and ¢ values of paired ¢—tests on V, of small intestine
between setup errors in back direction and the others in

postoperative IMRT for 30 cases of cervical cancer

Bz SUtE & f I iy %

3 mm i 747 679 649 433 6.12

PfE 000 000 000 000 0.00
5 mm tH 815 690 7.68 505 735
PfH 000 0.00 000 0.00 0.00
7 mm tH 7.72 751 852 557 7.94

P{E 0.00 0.00 000 0.00 0.00

x5 0FETR/ASEEIMRT BAESEMFRREIRE
B Vo KNI 13 B PEFIHE
Tab.5 P and ¢ values of paired /—tests on V,of rectum between
setup errors in abdomen direction and the others in

postoperative IMRT for 30 cases of cervical cancer

Bz gutE & i " Jikn %

3 mm HH 14.18 1482 1691 11.54 5.78

P{A 0.00 0.00 0.00 000 0.00
5 mm Ml 1649 1670 1842 1552 1238
PH 0.00 000 000 0.00 0.00
7 mm (i 17.57 1832 2023 1738  14.66

P{E 0.00 0.00 0.00 0.00 0.00

TEH e B B DR AR TH A MR . X T
SR FHAM b 2B IR AR 18] 7 7 3R B S0 AR (8
RABT i FEAE S mm LA o SR TTAT BIF 5 41 8 4% i
RN EBALRIE R/ ], Lin 5 HE 50 E SR #
R 5 55 450 158 22 5C ZR I R LB 5 A AR I o 4
R T T7 0] RS BT 1] ) R G0 1R 22 S0, AR o 6 i

6 0HIETRARBEEEIMRT 5AESHBAERGRE
BERE Vo R NECIT e 30 B PAEAN ¢ B
Tab.6 P and ¢ values of paired ¢—tests on V, of bladder
between setup errors in back direction and the others in

postoperative IMRT for 30 cases of cervical cancer

BfikE  guitE A i i i %

3 mm tH 13.35  11.21 1326 8.2l 11.26

P{H 0.00 0.00 0.00 0.00 0.00
5 mm i 1277 1123 1339 840  11.10
PH 0.00 000 000 000 0.00
7 mm i 1166 10.00 13.18 7.98  10.90

PH 0.00 0.00 0.00  0.00 0.00

R7 IPEFTREARAGFEZIMRT AFRESEMEERGIRE
ERE RV RNEI 103 R PEE
Tab.7 P and ¢ values of paired ¢—tests on V, of left femoral
head between setup errors in right direction and the others in

postoperative IMRT for 30 cases of cervical cancer

gz gt & T 12 iy %

3 mm HE 6.99 6.91 7.24 581 6.99

P1H 0.00 0.00 0.00 0.00 0.00
5 mm t{H 9.54 928 958 817 954
PH 0.00  0.00 0.00 0.00 0.00
7 mm i 1209 1185 1212 1057 12.09

P{E 0.00  0.00 0.00 0.00 0.00

=8 IFIETR/ATEEIMRT £S5 T RRZIRER
BB K Ve RANECIT e 4038 80 PEFI B
Tab.8 P and ¢ values of paired ¢—tests on V, of right femoral
head between setup errors in left direction and the others in

postoperative IMRT for 30 cases of cervical cancer

Bk SitE K fi i} JEp %

3 mm tH 6.57 6.54 7.20  7.50 6.56

PAi 0.00  0.00 0.00 0.00  0.00
5 mm HE 938 947 975 975 937
PAd 0.00  0.00 0.00 0.00 0.00
7 mm i 12.04 1224 1214 1206 12.05

P{E 0.00  0.00 0.00  0.00 0.00

K—4m AN 2247 Rl JE AN Sk B 1) (%) 1R R e 4
PEiRZES 9N 5.6.6.2 F15.5 mm, Lai 2248 H Ry T
PRUE TR 70 2 AR A 1 ok 7 3 2 A 1) I DX Al i B
A, 3 o7 38T OGS 4 A7 15 2 B AEURR TR B G 5 | 0
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PA_ BB FEALAIE 5 B8 B N 450 15 22 9 07
I], T AESE PR AR 7 PR AR 22 JE 207 1) /Y, 1M ELAE
10T I BR R AR AL IR 2250, 38 W] REAFTE &SP KN
for B M s AL DXCAR B A 8 A0 45 3K SE AR5 i) 25 B X
PRz MG, 7 EAOE— A I TRAWTAE

g5 LTk AT ITE X S0 AR S B AT
RTINS, ZOE X B AT MR S | o, Ay 1)
BRZEHE 5 mm, —E T 2 SR WA 2 2
B T

(&% k]
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