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Comparison of dose distributions calculated by two optimization methods of Monaco system

used in volumetric modulated arc therapy of esophageal cancer

XIE Hongliang, HU Can, CAO Yangsen, YU Chunshan, SUN Yongjian, LIU Yongming, ZHANG Huojun
Department of Radiation Oncology, Shanghai Changhai Hospital, Shanghai 200433, China

Abstract: Objective To compare the dosimetric differences in volumetric modulated arc therapy (VMAT) of esophageal
cancer after Pareto optimization or Constrained optimization of Monaco treatment planning system. Methods The clinical
information of 23 patients with esophageal cancer was retrospectively analyzed. With the same optimization parameters, the
Pareto and Constrained optimization models of Monaco treatment planning system were used to optimize VMAT plans and
perform dose verification. After optimization, the differences in target dose, conformity index, homogeneity index, organs-
at-risk dose, segments and monitor units were compared. Results The differences between two optimized plans in the target
dose, conformity index, homogeneity index, and organs-at-risk dose were trivial, without statistical significance (P>0.05).
Conclusion Both Pareto and Constrained optimization models of Monaco treatment planning system for the optimization of
VMAT plan of esophageal cancer can achieve a good dose distribution and is clinically applicable.

Keywords: esophageal cancer; volumetric modulated arc therapy; treatment planning system; radiotherapy dose

I 37 B PORRRR AR, IR 5L A i 9T RE R )
& U7 B SRR RN — , B S HER

AT, BT B ARARME MR B 3R e A . ek
e S M RE il R AR — RS S A S
YRR A ENE . AR AR (VMAT)
AN REARAT B g 5 2t 73 A 3 B i3 9 I ] K K 4

TR A DL T A R — 4t
FAFAELA 40 T NSET A, A 5 3
LML SR 30, SET R E A 4007 B A A

N L IRITRCR I AR S, BEERHA Monaco 1Y 1K)
[ W7 B A )2018-03-22

(E& W E | E 5 E BRI (2017YFC0113104) AR HHTECT DI PR (78 R R SR 5
(Ve A VHEas , LAl BRSE 710 « BRI R S HR | E-mail: % (Monte Carlo) -3, i LI E— 2 $E & AE 5]
642738836@qq.com A A B HERAPE Y Monaco &

S 46 13k At WAL BFSE i B IR Ty L ‘
RO 0 AZ 2 RIT O 05T, Email: coyyhj@ DT VAMT IR AT HE XA (Pareto) FIfE 12

163.com fx B L 5E (Constrained ) MR ] BEEEE , ABIFS TR



- 746 - H ] B2 B

AR $354

MR AR A AT SO0 B A T I
1 ARETE

1.1 —fg&E#

T R R B T R 2017 4R 1 H ~12 H
FFAAT VMAT 188 B8 T 23 Bl IR EORL A T
MBS F SRR R R L, 55 13 441,
Z21049), AR RS 65 %7 (60~79 %) , KPS PE53=70 47,
o PRSI A IR 20 BRI
1.2 BLLA*E

BEAMEM , BT H AR, R s B
TEH IR SR, i FH 67 22 Philips KFLAE 16 HE CT
P A L A8 2 B, 4 o0 s B R A% 2= 1t
S E
1.3 X . EREFENHE

BE IR IX (GTV) Al R FE X (CTV) ¥
AT R AR S A ] AR5 43 IS GTV MICTV 3
S1HMI S mm ARAS TR X (PGTV) ARl i R
HUIX (PCTV) o 4fili AFBE AL X 28 i K248 7 114 /2)
0 25 A4 305 ] o 5 Sk B 57 A 4 2% 53 25 (ICRU) 83 5
SCPFRHLE 58 B o
L4 Ttk RES5EE

WY R F 58 2k FH i 8 BE B 3K 2\ W) Monaco
(Elekta, Inc. Sweden. Version: 5.11.02) , i {4 % F
Monaco T /Fuk (Inter® Xeon® CPU E5-2695 v2, 32 GB
AT, 64 i Windows 7H#:E R %) , #1154 Monte
Carlo &%,

1.5 BIFitRIBHE

AL 13436 97 30 43K, PGTV . PCTV [ 4b 77
FHE53 318 60,54 Gy B[R L RERGT , 1 1Rk/d, 5 d/
71| 5 % 0~600 MU/min 1] & , FRLSTUN A 4 (GRS 4 A 152
180°, 2 1k ff1 J& - 180° ) ) VMAT, 7 & It 1k 1% £
Constrained £l Pareto P FP 7=
1.6 FEfTit RIS
1.6.1 $EXAEfE73E PGTV MIPCTV 5 2 [a] B it 2
95% LA L ARFUH 2 AL Dy Fl TR EIH— . SR
ICRU 83 St 5 , i aed 751 s (AR 7 FE R i 4
A RAEAG TR, £ KT i H Do 7R, F2/ N 2 D
For , 55 Do 8 7/8 o V. IR X Gy S35 0 28
Fir L G fE X AR . 36 B B HE 2 (CD) : CI= Vel /(TV X
Vi), HoP Vi 2 95% 45 751 1 42 BT 7 2 (1) X AR AR
TV AR AR, Ve AR 3R 95% EFI LR T S8 T
A X IAARFR, CUEE [l 0~1, CLE BRGE T BE Mt
151 P8 80 (HT) : HI=Dso/Dosy, , Ho P Do AR I 5%
PRI 32 I 7, Doss AR R I X 95% IR T 37 11 e/ )N

I, HLBOH o A 22
1.62 BEZFEIFN ELEIHREWT AR Do, W
iti4%5% 5.20.30.40 Gy FAFUE 73 o Vs, Vi Vao Vao
A BB Dieano
1.6.3 ITRISELE WHHLES P (MU) G+
HFA~%0 (Segments) .
1.7 Fit=EFH*E

I3 11 SPSS 22.0 B A it AT B s Ge i H A 43, X g
PRI AT RO FEA (R 50 . 25 38
EZFIR, P<0.05 TR A GIT2HE L,

2.1 BBRFI=Z . AR

PRFPTHRI AR D) LU W2 1. 5 Pareto (4K
FH HE , Constrained 54K Y PGTV AL J5 57 i A FH Vo A1
PCTV &b 77 FI AR TR Vo WA T REAIL, (H 22 R IR 58
TR L(P>0.05) s AR AHN S 52: R o gi ¢ X
(P>0.05),
22EERE (BN HFE

fifi i Constrained fl.fk. 55 Pareto LAk , &8  Jifi i1y
I A7 BEARFUNT Hu 8 L3R 2. 5 Constrained {1
FEAH L, Pareto L6 4R i R 57 5 D A THE TN,
A2 TG 275 L (P>0.05) 5 2 i Vs, Vi, Vi 7l
TR TRE GRAIR, Voo S SRR O 57 L 25 S IR
it L(P>0.05),
2.3 BHLERBEEANFEFEL

WAL AL T XL AR S 8L 3R 3. SHL AR Bk Ak
(MU) F131R1) 75 52 (Segments ) 22 AN A &, LA 1T
R (P>0.05)

34 ig

Bt B 1) K R RN AR i 2D, VMAT AE y—Ff
AT R RGBT e, AR A i I R T
7 A AR 200 A, Bk B 2 Y R B T R X 0
AR, VMAT 7 H 5 [R] B i S 80 AL 2R AN 457 Hb g
M R E WA Z UM sh AL T
FJE SR B AR B A 2R . VMAT A LU &
DX R A W 2, HL R HL A Bk g IR RO Ze
A AT DAE G s R R

% F} ik Monaco {97 7K1 & G2 11 BRIAE AL D7 =X
/& Constrained, % J7 AR S BR il f& S #% H - Monaco
ARG — A Pareto, I 7 B M S HE X £
J6 % S B 1 PR A 24 SR DU B ps . R AR
SE G LT T PR AR T SUAE TS B VMAT
(AR 2 LR, 5 R 3R WIAE AT 1 Monaco 1 1T 81 R



b

5578 LTSS, 45 . BT Monaco MBS 20 BURE R I8 130 v P A DL AR s 79 k2 LA

- 747 -

%=1 Constrained ft{£ 5 Pareto it FIEEXFIEFER (7 £ 5, n=23)

Tab.1 Dose differences in target areas after Constrained optimization and Pareto optimization (Mean+SD, n=23)

Target area Parameter Constrained Pareto t value P value
PGTV Dua/Gy 66.11+1.74 66.24+1.82 -0.53 0.599
D,/ Gy 57.4242.08 57.43+1.80 -1.20 0.906
Duean/ Gy 62.64+1.58 62.51£1.57 1.08 0.290
Va/% 95.97+1.42 95.99+1.42 -0.08 0.937
Veus/% 2.48+6.92 0.84+2.41 1.27 0.217
CI 0.75+0.08 0.76+0.08 -1.09 0.286
HI 1.05+0.14 1.05+0.12 0.25 0.803
PCTV D1/ Gy 66.13+1.74 65.37+4.66 0.81 0.429
D.../Gy 45.43+5.67 45.43+5.18 -0.01 0.992
Duea/ Gy 59.06+0.92 59.01+0.90 0.62 0.544
Vsi/% 97.19+1.54 97.30+1.59 -0.53 0.601
Veus/% 0.82+2.92 0.24+0.60 0.95 0.352
CI 0.81+0.06 0.83+0.06 -1.94 0.065
HI 1.16+0.03 1.18+0.09 -0.99 0.332

PGTYV: Planning gross target volume; PCTV: Planning clinical target volume; CI: Conformity index; HI: Homogeneity index

%2 Constrained fi1£ 5 Pareto i {L B OARFIEFE R (7 £ 5, n=23)

Tab.2 Differences in organs—at-risk dose after Constrained optimization and Pareto optimization (Mean+SD, n=23)

Organs-at-risk Parameter Constrained Pareto t value P value
Spine cord Duu/Gy 29.524+4.59 30.03+4.62 -0.68 0.503
Lung Vs/% 71.97£18.74 70.25+20.76 1.22 0.235
Vol % 20.44+7.64 21.71+9.18 -1.47 0.156
Vil % 9.01+3.98 8.72+4.48 0.58 0.568
Vol % 3.52+2.19 3.33£2.10 0.94 0.357
D/ Gy 12.65+3.14 12.76+3.88 -0.39 0.738

%<3 Constrained i1t 5 Pareto fiiL N EEZ S HE R (t+5,n=23)
Tab.3 Differences in machine parameters after Constrained

optimization and Pareto optimization (Mean+SD, n=23)

Item Constrained Pareto tvalue P value

Segment 144.394+26.46 146.52+16.49 -0.71 0.484

Monitor unit ~ 577.50+160.92  577.68+134.57  -0.01 0.992
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