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[ Abstract | Background and purpose: In recent years, domestic radiotherapy equipment and related software have made
great progress, and testing the functionality and stability of the equipment and software is an essential step. This paper focused
on comparing the differences in intensity-modulated radiation therapy (IMRT) plans dosimetry and organ at risk (OAR) volume
calculations for common cancers between uRT-treatment planning system (TPS) and Monaco-TPS, and to evaluate the feasibility of
dose calculation for Infinity linac (linear accelerator, Elekta, Sweden) using uRT-TPS. Methods: Twenty cases of rectal cancer, lung
cancer, breast cancer and nasopharyngeal carcinoma were selected. The IMRT plans were completed in uRT-TPS and Monaco-TPS.
The dose uniformity and conformity, mean dose, maximum dose of planning target volume (PTV) and OAR between two plans under
the same prescribed dose of PTV were compared. And the pass rates of two TPS plans validated at the same linear accelerator were
compared. Meanwhile, monitor units (MU), source skin distance (SSD) and the volume of OAR in uRT-TPS and Monaco-TPS were

compared. Results: Wonderful plans that met the clinical requirements were obtained in uRT-TPS and Monaco-TPS. Comparable
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uniformity and conformability was received in PTV, and the maximum dose of PTV was reduced by 1.1 Gy for uRT-TPS (P=0.006).

For breast cancer and lung cancer, the dose in lung was lower for Monaco-TPS (P<<0.05). For nasopharyngeal carcinoma, the dose

indicators that oral cavity and throat in the uRT-TPS was reduced by 9.2% and 5.1%, respectively. The verification results of absolute

point dose (<<3%) and three-dimensional surface dose (>95%) for both plans met the clinical requirements. The region of interest

in uRT-TPS was smaller compared with Monaco-TPS (P<<0.05). Conclusion: A comparable IMRT plan was obtained for common
tumors in uRT-TPS and Monaco-TPS. It is feasible to calculate the dose of Infinity linac using uRT-TPS.

[ Key words ] Intensity-modulated radiation therapy; uRT-treatment planning system; Monaco-treatment planning system

o 2204, RSB T (intensity-
modulated radiation therapy, IMRT ) E.7E[E N5
BNz, MR TG =4GR T (three
dimensional conformal radiotherapy, 3D-CRT) ,
HAEMTTRIHE X ( planning target volume, PTV )
g 2% T v ) o ) (W) ) SR e FE RS R R, AT
TP IE RS e s T e R L AR
Sy e igam RN NESE 7B U NERY v s S = ) |
AU PERERNAY TR RS (treatment planning
system, TPS) Wit Z CHZEMIMEN, Kt
IR TR A B R AN, WBU TR
R A L D0k eR BSOS B RO Ak st ]
TPS. I 7R B A FR S wIHE Y
BTV 5 uRT BN 3 #% X uRT-TPS & HF 4 76 [E
W2 K07 .0 ty, HinRRHC 52925
NAT . EHATE B 8 i 2= Be A 2 5 Infinity
B MHERR (HidiElekta/A H] ) AIuRT H 26 M#
ar ( BWRBGY BT R R AR AR ), X0
43 A Monaco-TPSFIuRT-TPS. Monaco-TPSfifi
AT ZRR P XE 1A ZE ( X-ray voxel Monte
Carlo, XVMC) FEMIECE AR FTES BT
RS, TR AR ORL T R R Rl
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Monaco-TPSTATEIB S AENT ), HAZHFEIE
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intelligence, Al) MKAESIEZM A . &L HuRT-
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5 H R [ T e = B A7 2 15 Infinity B2k
ks, HAgilityHlk H A 80X S mm g 1 5
K B iz 3l Z2 b o BDOGHE, S e 2 T T AR K
K140 cm X 40 cm, W] A TR 2 HOI0T HAR
MREERR K. HOLF A6 MVAIe MVAER
(flattening filter free, FFF) M HEE4N7, B
KR 560011 400 MU/min, ASHFSE &
BIXF6 MVIGT A TR 22017 o

W HMonaco-TPS HS. 1A, FHlHE A L2
X-Ray Monte Carlo; uRT-TPSAHARHL1.0fAS,
L R R B UL (collapsed cone
convolution, CCC) , bRl
CH W EIMRTIH R LI T ShBIMRT
( dynamic IMRT, d-IMRT) , &M K/NN
3mmX3 mmX3 mm; H/NTESE 0.5 cm,
I KSR S504, #5600 MU/min.
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(D) EWE: k2 Gy, HE251K.

(2) i : PRI 1.8 Gy, $£28~341K,
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(3) FLARJE . 41191 2.67/3.20 Gy ([FZHE
i), RI5G 1IERR2 Gy, 251,

(4) BN . PAYR1.8~2.2 Gy, H:30~35%K,
BEA2~ANHEIX, HA T w25 AR

AT B Z I EAURZ R (computed
tomography, CT) #1855 % AuRT-TPSi#4T7PTV
Ko fe 4w (organ at risk, OAR) 2 -7
BOTHR, SRR BEEECE NS FIE S (digital
imaging and communications in medicine,
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i, VRIS EAR IR A PTVAIO AR &
FRAEHH — 20k, 22 7] i e I AR 1 20K
P uRT-TPSH YL ALAS FAFE  Monaco-TPSHIfL L
A, TEWE R PTVIG RZR T A S 2 OARRY
MERME ., RETH1IAREASFEL ETERRINY)
PR SE B # A% . TR E RS, XA IMRT
THRIBEAT R 4 X0 ) 1 S = 4E ) 50k
1.3 SGit=abiE

BRI EIMRTH RIS U, BITEMIMEK
F (EEMIMAH ) PEETFPTVHIOARK | &
O3 o PTVGEHAEPRA Doax v Dineans Dson Dosor
Vorvosias Vosvn FIZIVEFEEL ( homogeneity index,
HI ) FLEIEE+E %L ( conformity index, CI) . H:
1D D o 5 5 B SR RIS, D,
FID 50, 53 31 #E 55 PTVAAFL95 % F1 5 % 1 5] it
Virvoss, Bl Voso 53 1 2R 95 % Ak 77 | H 26 7 55 PTV 1Y
TRFRAN95%4b J5 7 fi YA R . HI=1-(Dss, - Dysyy)/
D,os CI=Vpryos!Vosi, HIFICIAT0~122 1],
HIBHZ T T03 R FE X Y I A B, CTBZ I
TR BEIG VBT L AR FIOARKISE
fEPR L .

P LA B4 S5, % F—3 1R 7EuRT-TPS
FiMonaco-TPSH AT AH R IH—, BI95%[r) 4k

F1 BHRMOARMGITHEHR

Tab. 1 Statistical indicators of OAR for various diseases

Cancer Indicator OAR
Rectal cancer Vaoay Vioay Vasay Bladder
D, an Left and right femoral
heads
Lung cancer Vs 6y Voo Gy Dinean Lung-PTV
D, can Heart
D,x SC
Breast cancer Vo6y Vs Gy Dimean Ipsilateral lung
Vsay Contralateral lung
D, can Heart
Nasopharyngeal D, .« BS, SC, lens, eyes, OC, ON
carcinoma Viooy Left and right parotid
Visay Oral cavity
Vis gy Larynx

D, is the average dose of OAR; Vg, is the relative volume of n
Gy in OAR. SC: Spinal cord; BS: Brainstem; OC: Optic chiasm; ON:
Optic nerve.

FHEEIZEANPTV, APEPuRT-TPSHIMonaco-
TPSOLAL RIS FE AT A B, Geit e
IHRIFMU . BRFIEIEAL LAAN, FRATG IR KR
('source skin distance, SSD ) FI4SOARKAFD

P CTRAZ A uRT-TPS FllMonaco-TPS H At i 43
E5

K HISPSS 22,05 4% ) ik s i1 e i3
Br, SR EsFR . AR FE 5 HruRT-TPS
FiMonaco-TPSX [w] g (71| 113 B 3 ik 25 2R 11 22
5, B as R RAEIER M, SR H Wilcoxon
Be X 455 B MR, P<<0.050 25 %4 Si it

2 4 B

21 PTVHIEEKMUMER

T A IMRT i 40 76 1 2 1 PR R i 225K )
PTVAFI EIEIR EAMUILE2, MEARE, uRT-
TPSHIMonaco-TPSZ [8] R¥ED,  Jats L HA B
F25, uRT-TPSHYF T HI R, K
PP Z)1.1 Gy, uRT-TPSHIMonaco-TPSH)
D e MR R B X D TC I 35 25 55, UEFHURT-TPS Al
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Monaco-TPSH i i Fe AR —3, X AYHIFICIE
A RAM 2SR, H—PHIE T X —45 . uRT-
TPSHIMonaco-TPSTE & J A X 5 5t 1Y 25 5 UL
K1, $845 22 5 091H5 )7 A Difference = (uRT-
Monaco)/Monaco X 100%. uRT-TPS7 H 1%
R B A B D ey 1Y R SCEEAR T D,
(P<<0.05) , FE4E DT E Sy FI A S 4 ) L
RIS X T AELIRE, XD, B/,
HAEA R 2ER,; SMEAHRIEESN, A2
AANRVAL T3 ) ALK, {HuRT-TPSHIMonaco-
TPSH 2 Al SLHKF- R = i Im R T, PTV
ARlEZEREERTHITFE L (P>0.05) .

P X ) A MRS R T, T S
HEANARAE T FIERPTV, X B g%+
Wb 5 T e R AR IX I S PR ADE TP . uRT-
TPSAE H 7 A itiig v 19 2 BLHE F-Monaco-TPS,
FEFL BRI A R G B 22 5, UL URT-TPS
FE AL Ty 5] e B —HL X ) o A L R I
1EHRIMU T, A% FMonaco-TPS, uRT-TPS
1 H W A FLURE T A BMU H 22 R A a1t
R (P<0.05) , 2ZRANHIHN-33.1£53.5
M-162.7+247.7, i fE & W& B B AT 35
MU, 25l 462.8458.3, (HERTLHE L
(P>0.05) .

%£2 20%1&EEURT-TPSHIMonaco-TPSHIMRTHHXIMPTVHIES S £ b5
Tab.2 Comparison of PTV dosimetry parameters of IMRT plan in 20 patients in uRT-TPS and Monaco-TPS

TPS PTV D, PTV D,.., PTV D; HI CI MU
uRT-TPS 59.4+82 54.84+6.9 57.5+7.3 0.09740.070 0.745+0.299 757.5+171.7
Monaco-TPS 60.5+7.7 55.1+7.1 57.8+7.3 0.096+0.070 0.74140.291 817.4+197.4
P value 0.006 0.191 0.581 0.807 0.290 0.204
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Fig.1 Dosimetric differences in PTV and OAR between uRT-TPS and Monaco-TPS IMRT plans

A: Rectal cancer, B: Lung cancer, C: Breast cancer, D: Nasopharyngeal carcinoma. Dose unit: Gy; []: The mean value; *: Statistically significant

difference.
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uRT-TPSFIMonaco-TPSTE IR Ff - OARFY
M2z FILELL X FEBE, MEIMRTIH
FEZEA B Sk P IR 22 R it X
(P<<0.05) , ffifHuRT-TPSHITT#3R] 2545 B
343 5 HeMonaco-TPSFEAE £18.26%F17.23%
uRT-TPSFIMonaco-TPSTE 5 it o i) 57 i 40 A7 25 57
W B K, Monaco-TPSHIEFIH X W<, 1K
Ml XD, HEfk2ER TG I2EE L (P>
0.05) o XFFsit it Monaco-TPSHEIE
(RS 154 S AR 35| B e 0 W T S N 0 S 24
ik, {HuRT-TPSTE IE % iR 2 21 v (1) - 34 751 i
{K251.51%, iHHMonaco-TPS{E: 5 R AR 1E F ifishi
AU X IR 32 &, i uRT-TPS 5 5 P& {I%
TE W PSR 2 2R B v AR DX, T AR R A 1y
FE; A HEFERE T JC & 22 5% . uRT-TPSHI
Monaco-TPS7EFL BRI X1 A 4 5] 43 A G ik 2%
25, HATERMIGE Y, f8Pr - Monaco-TPS#
PRELE, HES TSI E L (P>0.05) , IIf
PR AN R AR T ) 5 Ay A DN 2L g
i, DIEZ AR (BMES BN 172.4+81.7H1
161.8+89.5) , {HuRT-TPSTE 56 I i1k sh#%
Ko XFEME, MK FuRT-TPSFilMonaco-TPS
FEOAR L7 22 Sk shi R, R/ N E
WERIR . A UM%, HRL2ERT
GiitE X (P>0.05) , EZEFHOARMKH
N, iR AR AT, TR IR
5 B A A
2.3 uRT-TPS#IMonaco-TPSHItXI3&iE
IR 7EuRT-TPSFMonaco-TPS H1 52 i 141
WitE, RaRF &MY EImse oI, I+
TE I PRAEfE B 19 Infinity B 2R g8 43 B4
THRIEAT 5540 ) 5 R0 = 2T 70 6, 4550 0
P2 XF T 4o X 57 i e R A T, B
Bt 2= KA (58 E Standard Imaging /A Al )
IR, R EER 2N RO E X (uRT-
TPSH L & 2= | i prifE2E/NF3, Monaco-TPSH!
HL S AR A P8 BN T 1.04 ) B L% X R
R T FIE80% . X T = 4k i 77 42 B e %)
FIHITT, ¥R £ Delta® Phantom #ii4k it

B, BRI AN RS I, SR
TR AUN20 cm X 38 em, i S IR 069
A, A 3E RPN 09 ) B E TR 10% .
SR LE BT TR B s 6 R e 2 BN T
3%; =T E A3 mmye B P A ) R 2 )
F 3% Gammaifl i1 K TE5S% LA |, HAiKZ
WAEIT% VL L, BulEE R L IR EK . uRT-
TPSHIMonaco-TPST 5. 1Y []—Jg (5l 3R] 451k 25 2R
ZIRTC W E 25, AR Z ] 0] Jer ik i 3
W EES

102 A Gamma UIH ® Point dose deviation UIH 4

4 Gamma Monaco ® Point dose deviation Monaco -
i 38
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Fig.2 Verification results of point absolute dose and 3D surface

dose for each IMRT plan
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TPSHIMonaco-TPSTECTH1% ) B 13 SR Bl X
RITE 2SR T L, FERNT
uRT-TPSHIMonaco-TPS*f 23 [l {4 FH 155 1 ks i
£ CTRABRAETPS &R o 2R BT,
FRIT % B R0 K /N i TP S T 5 Y RIR 43 % R
Yo Ml TR AR T B A TR L AR R
), 5T 28I & AT G IR A A 4 B ) e
AR, S AR IAE A5 4R X 1 7] 1 0 A L
PA] 1 O A RSB TH 50 RS 1 1 %o i 0 R A 22
KH T XTI B 25 5 8 TR B AR O R
X Fab, FERH— ARG, £ TPSXHiA
FUTSEA ERFEIRRNE, 345 H &9 Fh e &
FZ A uRT-TPS filMonaco-TPS 1O AR FR I3 1
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S . MRS LUE T G124 38 AR uR T-
TPS¥ [t Monaco-TPS/)N, HERA G 432 L
(P<0.05) . AftRIRFII A 22 55 /MEAFIOAR
ZERER, AR TR A 28 i K 25 7 43 il ik 3
47.55%M145.33%. PTV., ik ML IESEA

PR OARKRUIT B 22 25N, /M F3%.

AN, XFTSSD, Ak O 54 B (1 SSDIT:
TEME (FEA/E %6, -300/1 600 ) 514 F7ES
TPSH 52 WEHE S, uRT-TPSW./NFMonaco-
TPS, EZRAGZIT#E XL (P<0.05) .

R3 200K BIFEURT-TPSFAIMonaco-TPSHOARZFR K F H1E
Tab.3 The average value of OAR volume in uRT-TPS and Monaco-TPS for 20 clinical cases

Indicator Monaco-TPS/cm’ uRT-TPS/cm’ P value
PTV 722.882£462.005 718.2961+460.728 0.004
Bladder 99.5421+35.464 95.868 +35.459 0.043
Femoral heads 137.844£21.41 134.955+21.216 0.005
Lung 1979.571£1263.921 1971.379£1253.536 0.008
Heart 616.295+73.778 612.737+76.202 0.022
Spinal cord 45.631£17.454 44.533£16.993 0.028
Lens 0.597+0.432 0.44310.348 0.013
Eyes 10.9474+2.357 10.267£2.057 0.007
Optic nerve 1.364£0.422 0.92740.215 0.005
SSD 91.986+2.524 91.939+2.505 0.024
PR 22 5 oGt 27 L, {HuRT-TPSXAF 4 #4 i 4%
3 i " Hilcthy, FERAETHA L A B B | AXTEE X

RIE204E, IMRTHRICZER N2 H .
545 TIMRTIHRIEAT 8 mid B R, AR
I X AR AZ s R S T A [RIR IE R 2 2t mT 75
BB, BRASHRE o e e B ) 2 O IR
TEAN A T RV, DA T AR R b 2R AP £ 28 DR ST 7 = 3
PRI A s ST RS AR . BT, R
135K 0 TPS ( Pinnacle-TPS. Monaco-TPSHl
Eclipse-TPS ) 55 1 £ FHuf, HHTHUTHIE
AN A A AN A F EWr, T ESNEA
Je kAR, B LM 2 M TPSE AR ME 5 H
T I, B PERE R AT IR A R
I EEE, WA E SRR A R

MR A 5% ) S ER ST 455, uRT-TPS
FMonaco-TPSI A Xf H M dw . Mfidis . FLAR I A0
LRI T B TR, AR ORI X R i —
RE T AR RN )4 1 W) s A A5 OR3P TE R 2
R IE IR AR . WFFPTVRIZE IR, BARE

PR LRI EACEMN A L. BLA, TE B A i
A HE DR oA S G i TR RN SR e 34 5
1 TuRT-TPSTE | H 5 1 e J (i BOW MU SR H
AR LI BR TH AR /N 1T, RRgHE MUY
FFZE, X TOAR, Monaco-TPSTE IE % fili 1.0
WA O 4P 7 T R IR 4, FERH THA LR
W& |-l E T A4k . Monaco-TPSHparallel I
serial LAt bR A — MARRON 25k, kYK
AINRESE T i S R 1 R R A BE D B kRN
PRECVE AR RGER G, B ) FR 17 24500 i 5 ki
KeRBE AR, Har BRI SRaE Ieah,
Monaco-TPSHLALET 5 B4R X 1) N 2T 5%
W R HAR %%, —PTV ik RS,
T A X R B S A A R I OAR
M3z, XWMEE T A5 Monaco-TPSTEJifi
VRNV MBI B A 0T 204 3¢ e P 24500 1 A 17
o IS R AW P At B, filan,
W44 N 1E L Monaco-TPS 5 Pinnacle-TPS
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X it 98 B4 25 R R i 1) 35 o 25 57 A, 75 Monaco-
TPSE £ M fi 25 751 i X 3 K - ¥4 55 ¢ Y Pinnacle-
TPS, (HARA & XIIC B & 2 R e R, X
B, AT AL R A X 2 B
RE I . OARZ KRG AR5 5, uRT-TPSHI
Monaco-TPSTE R4 . WA 28 FIAIL 22 LG )N
v E BRI RIS . TSI A8 D,y
HEWEEWESER L, o4t =5 55900
HAV IR, 27 A R O I 350 - 2 A
S, FEAGR ST AR, MRIBfES
PR AENE P 1A, uRT-TPSTEAG
[A] 5 o & 7K SF B9 3 F Sl O AR B[R] FE Moncao-TPSf8
M%, EEEKN HuRT-TPSTEIHE N 5] A AT
GPUiz ., KAl & it A etk mr, 50 &
A NACACR R SES 7D minkE A . R L,
Monaco-TPS 5. 11154 K B H L LIRS T HE
B oRFEA, SEA B AR S AU AR EAE
H, KRG E R R S5 W BRE BLAE 0 7%
SERE, HibizBEE K. YETA A Monaco-
TPSANHFGPUMIGE, F & 155 19 b [ {0 27
wE A AE S VR, BT DB TR AR Al s ] 22
KF30 min, S0 R 2548 52 220 A Bst [a) B
Ko uRT-TPS3¥ JH FlPinnacle-TPSZK Ll iy 4 T TR
GRE Y, HEHUR R S5 R 2t AR
LH AR B BT ) i v TR B B RE A T
MEME, AR RIS o AR
IS B s s A T TR, HE TR
AN . RS N RS Y 2, PRI AT
PERMERR R R D 18R TR
KT, JAWL B uRT-TPSTE#E & F ik . A

FEFLAE . 2 SO AR B A 55 4 5 R H
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Tab. 4 The volume statistics for different volumes of regular structures in each software

Regular structure MIM/cm® Monaco-TPS/cm’ uRT-TPS/cm’ Eclipse-TPS/cm’
D1 cylinder 0.81 0.80 0.49 0.51
D3 cylinder 10.63 10.56 8.84 8.47
D6 cylinder 393.87 396.41 392.05 393.03
Al cuboid 2.19 2.17 1.83 1.84
A3 cuboid 8.82 8.78 7.10 6.82
A6 cuboid 621.01 625.81 619.40 619.90
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