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Dosimetric comparison of seven-field intensity modulated radiotherapy and volumetric mo-
dulated arc therapy for rectal cancer designed with Monaco

SUN Yongjian, CAO Yangsen, DAI Zhitao, YU Chunshan, WANG Qiang, XIE Hongliang, LIU Yongming
Department of Radiation Oncology, Shanghai Changhai Hospital, Shanghai 200433, China

Abstract: Objective To compare the dosimetric differences of 7-field (7F) Step & Shoot intensity- modulated radiotherapy
(IMRT), 7F dynamic multi-leaf collimator (DMLC) IMRT, and volumetric modulated arc therapy (VMAT) designed in Monaco
treatment planning system for rectal cancer. Methods CT simulation location was performed and target areas and organs-at-
risk (OARs) were delineated for 13 patients with rectal cancer. With the same optimization conditions, 7F Step & Shoot IMRT,
7F DMLC IMRT and VMAT designed in Monaco system were used for dose optimization and evaluation. The dose to target
areas and OARs, conformal index (CI), heterogeneous index (HI) were compared. Results Compared with 7F Step & Shoot
IMRT plan, 7F DMLC IMRT and VMAT plans showed greatly improved the homogeneity of dose distribution inside target
areas, reduced HI, and better CI of planning gross target volume. 7F DMLC IMRT plan achieved a better dose distribution in
target areas, and 7F Step & Shoot IMRT also showed higher D..,, Vis and CI of planning clinical target volume, with statistical
significance (P<0.05). 7F DMLC IMRT and VMAT plans achieved lower D,... of the bladder and intestine, and V;, of the
intestine. 7F DMLC IMRT plans decreased the D... of the bladder and V., of the intestine, while VMAT plans decreased the
D Of the right femoral head, and D,... and V., of the left femoral head (P<0.05). 7F DMLC IMRT and VMAT plans showed
increased monitor units and segments. The treatment time was longer in 7F DMLC IMRT plan, but shorter in VMAT plan (P<
0.05). Conclusion VMAT plans which can archive a better target dose distribution and efficiency is recommended when the
Monaco treatment planning system was used to design radiotherapy plan for rectal cancer.

Keywords: volumetric modulated arc therapy; Step & Shoot intensity-modulated radiotherapy; dynamic multi-leaf collimator
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(GTV) Flllfa RHE X (CTV )R BUER A AR s, WL AT
& X4 B (OAR) , [E 2 HLEE M 58 30 (IMRT) H AR
) 2N H T B TR TT  7EFE (K OAR 52 &
B4 RS T LSS B X ey R ) A g 1 2 e i
(VMAT) $5 AR 7E 4545 I 50 75 1240 A 14 [ s 4 6 TR
Jr ], 4 TIRITRCR™ . Monaco iY77 TR R ST L
#4552 R % (Monte Carlo) B35, & BTG
ST R S8 (TPS) A A EAF A A =Tk
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B 5 2594 3% (DMLC IMRT) M — 458 B Ui 55 75 1
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1B 23 AT 2015 45 1 H ~12 H 1118) 13 491 & 1 9
BFNGIRTERL ., BB 6 6, Lotk 741,
S 60 3 (30~80 %7 ) i BRA AU I A iz
1.2 BfLAiE

SRR LS B AEM A4k o far
22 KA A E] 16 HERALAR CTRERUE ML E 47
FAREE N L1 MR AL B 25795 F 5 om, 6 510
120 kVp.400 mAs .5 mm JZ TG [ BRI e 4 . &
PEET 1 /NS HEZS BEIbE , 11 500 mL K . FH 5
G CT 514453 2 Monaco {8I 71T R R G (TPS) .
1.3 BRABRFDE DE

P 5 AR = IR 081 B CT MR L tE A B e
JE(GTV) I FE IR EL 5 13 X sl RFEIX (CTV) )
., B GTV HCTV &[5 2145148 5 mm 15
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] o i S5 7 T £ 25 B3 2% (ICRU ) 83 5+ 4 11
AT
14 BT R G SEITES

IR IT THRI 2R 58 % FH B i 22 Bk 2\ F] ) Monaco
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1.5 &FFIEFITRIEIT

Xof B9 F 4 B 45 7 PGTV Ak J7 7] 4 50 Gy,
PCTV 4bJ5 7 45 Gy, 25 /- IR i[RI AL M 7 . Fr
AR 6 MV X B4k . I RIEE Hirfifb =
B4y 9% 3 7 BF Step & Shoot IMRT., 7 ¥ DMLC
IMRT DA K2 1 arc VMAT 3141,
1.6 BT IR

B TR 80 95% L PGTV i J2 Ab 7 57 &
50 Gy #EATIH—. i F AR 7 B (DVH) #E17
B DCRN e B B AR PEAS o S DGR PP S 8
8 PGTV 4552 1 55 K5 bt Do 352/ Bt Do P
FNHE Diean . 50 Gy 57 LR T L SR T Vi . 52.5 Gy %5
I 2k T SRR B Vs GE TEFR 80 (CD) (320 35 8%
(HI) A K2 PCTV 4 Duas - Do Dinen 1 45 Gy 255771 42 28 i
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Vi oAb 7 578 78 25 BRI AR, TV ONHE X AR, Vi
S Ab Ty ) S 2 T SR AT . HI=Dsw/Doswe, 7K
1 Do, R F 30 5% 114 H DX T 322 32 (A 35 £, Doosni A HIL X
O5% R BT U B I fe /N i . 8 B B A2 P EA
ZHAAE e N AE A B E SR Y Do Dinean <30 Gy
SRR T 2R TR V50 .40 Gy 2557 28 T 0 S8 (A TR
Vo W RISEOTAL S ECR G BHLER B MUs /Y7
Bsf 8] Time F1LE 8714k Segments.,
1.7 itk

BAEUL x + 5 Rom o R SPSS 21 Seit# b i 17
B AL I X R B T R S B SR T
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7 %} Step&Shoot . 7 ¥ DMLC }% 1 arc VMAT FJ#
X e g Ry 1, & 1A, 7 8 DMLC
I VMAT B3657 1 RIA L F 7 BF Step&Shoot iK1,
PGTV Diax\Duncan \PCTV Do\ D FIFIHE I FIFIEAR
Z R G E X (P<0.05) ;PGTV Dy FUFI A
P, ERA SRR X (P<0.05) ; PGTV AIPCTV 1
HIA RS, PGTV 1 CLA T &, Z R A g% &
X (P<0.05), 7% DMLCIHHI#HELT 7 %F Step&Shoot
T3], PCTV Dy 14 551 2 FIAL T 55 AR T Vs L K2 CT
B e, 2 A G L (P<0.05) o HATEAL
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7 B Step&Shoot ., 7 #f DMLC JZ 1 arc VMAT [
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1 78 Step&Shoot.7 FFDMLC K 1 arc VMAT RIBRFIEFEE R (=13, 7+ )
Tab.1 Dose differences in target areas among 7F Step & Shoot IMRT, 7F DMLC IMRT and 1 arc VMAT plans
(n=13, Mean+SD)

Target area Parameter 7F Step & Shoot IMRT 7F DMLC IMRT larc VMAT
D1/ Gy 54.07+0.30 53.65+0.29 53.72+0.45
P value - 0.002 0.018
D.../Gy 48.49+0.35 48.91+0.16 48.74+0.21
P value - 0.002 0.047
Duea/ Gy 51.25+0.18 50.96+0.12 51.06+0.20
P value - 0.000 0.033
Vs % 95.00+0.00 95.00+0.00 95.00+0.00
PGTV
P value -
Vas/% 14.57+25.48 1.36£1.18 2.57+4.42
P value - 0.090 0.127
CI 0.59+0.10 0.70+0.12 0.65+0.11
P value - 0.000 0.005
HI 1.05+0.01 1.04+0.01 1.04+0.01
P value - 0.001 0.032
D,/ Gy 54.09+0.30 53.71+0.33 53.73+0.45
P value - 0.003 0.017
D../Gy 41.92+0.50 43.09+0.44 41.89+1.46
P value - 0.000 0.923
Duea/ Gy 47.26+0.43 46.97+0.35 47.02+0.31
P value - 0.000 0.000
PCTV
Vis/% 94.24+4.01 96.34+3.59 94.31+3.96
P value - 0.001 0.934
CI 0.81+0.04 0.85+0.04 0.84:+0.04
P value - 0.000 0.165
HI 1.13+0.02 1.12+0.02 1.13+0.02
P value - 0.000 0.013

7F: Seven fields; IMRT: Intensity-modulated radiotherapy; VMAT: Volumetric modulated arc therapy; PGTV: Planning

gross target volume: PCTV: Planning clinical target volume; HI: Heterogeneous index; CI: Conformal index
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DMLC Hl VMAT B35 97 113040 Lt T 7 B Step&Shoot
TH, B /N 07280500 i Do AT BEAIS, /N 1Y
Vi A FrREAIG, 22 58 Giit 248 L (P<0.05) . 7%
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Tab.2 Differences in the doses to organs—at—risk (OARs) among 7F Step & Shoot IMRT, 7F DMLC IMRT
and 1 arc VMAT plans (n=13, Mean+SD)

OARs Parameter 7F Step & Shoot IMRT 7F DMLC IMRT larc VMAT
D1/ Gy 48.67+£0.93 48.18+1.03 48.22+0.45
P value 0.020 0.075
Dunea/ Gy 33.29+2.74 33.56+2.86 33.68+3.20
P value 0.000 0.033
Bladder V% 622141091 62.84+10.97 63.53+12.05
P value 0.457 0.180
Vi/% 37.75£12.20 37.91£12.25 38.42+12.59
P value 0.685 0.231
D1/ Gy 47.83+0.79 47.63+0.87 48.35+1.18
P value 0.160 0.118
D/ Gy 31.09+2.26 30.04+2.35 29.91+2.61
P value 0.000 0.001
Intestine
Vi/% 53.92+9.66 49.07+10.27 49.15+10.37
P value 0.000 0.001
Vi/% 25.04+7.90 22.49+7.88 23.45+8.28
P value 0.001 0.095
D,./Gy 43.68+1.55 44.12+1.19 43.48+1.49
P value 0.122 0.345
Dunea/ Gy 23.59+1.50 23.35+1.56 22.07+1.93
Femoral head R P value 0.220 0.003
Vi/% 18.29+4.06 18.24+4.16 16.25+6.17
P value 0.933 0.107
Vil/% 2.13+1.68 2.47+1.73 2.03+1.82
P value 0.206 0.729
D1/Gy 44.00+1.58 44.09+1.49 42.84+1.74
P value 0.831 0.001
D/ Gy 24.35+1.60 24.13+1.63 24.60+2.00
P value 0.237 0.493
Femoral head-L
Va/% 20.05+5.04 19.60+5.19 17.50+7.44
P value 0.530 0.089
Vil % 2.69+2.00 3.08+2.17 1.64+1.32
P value 0.128 0.007

3 7% Step&Shoot,7 FFDMLC F 1 arc VMAT HIHL3E S #ER
(n=13,x+s)
Tab.3 Differences in machine units (MU) among 7F Step & Shoot
IMRT, 7F DMLC IMRT and 1 arc VMAT plans (n=13, Mean+SD)

Item sﬁjﬁ&% 7F DMLC IMRT 1 arc VMAT
MU 577.2573.21 710.22462.97  810.18+53.90
P value - 0.000 0.000
Time/s 411.9230.49 4409242338 223.64+18.39
P value - 0.007 0.000
Segments  83.31410.93 263.77+3.39 153.85+5.97
P value - 0.000 0.000

il FAH W) 69 0 46 00 Ak 25 2F , 43 0l 4 7 B
Step&Shoot .7 #f DMLC K& VMAT #4731 AL , 15
FIRFFIE AR . 3RS AT 2 i
RIGIF 2, 78 DMLC K VMAT i1RI1E KA i
R TR YR AR R S M HUI AT PRI,
PGTV ) CI A i # . 7% DMLC #f b VMAT i
KT DAZRAS S0 B 4 8 X500 153415, PCTV [ D
Vs S CI A BT 42 5, VMAT i1HRI75 X 3 N8R |22
SEMTCF 247 X . OAR J71i 7f DMLC J VMAT
] A SRARIES BE /N B Dinean LA /NI Y Voo
HICNHE DX I S B A2 12 7 T 43 Hr, 7 8F DMLC 7] L)
PAR AL RS2 , VMAT WBg Yk T 7 5 DMLC it
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