3T G5 LRI LYBHE 5/ Vol. 37 No.5
20204 5H Chinese Journal of Medical Physics May 2020

- 545 -

DOI:10.3969/j.issn.1005-202X.2020.05.004 E 55t 32

ASC Bix 7t BRIE = FRE R AL STHATT RIS A

R W, RARAL Y IRE T, 3342
1 R ETY RG0S mllim RN FHES VI, JE 5T 1026005 2. b IREACIE K24 B 24 Be b 26 L R E BT &L, - 201900

Application of ASC algorithm in volumetric modulated arc therapy for nasopharyngeal carcinoma

ZHU
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(FEZE ) E#Y: & T ESAPI 5 THALH A 346 551 R & 454 3 (ASC) S ik £ SR B 2 AR BAST 77 PRI A . T7
3% : 33 4045 7B B B 509 s R TR = UM AT, R A Eclipse V5.5 % £ 4 A5 B 5 ) F 6 40 A AR SR A4S 7T it
X, o5 F xR 4L (ASC-no) | 5236148 (ASC-verylow) | 52 361128 (ASC-low) | 52 311148 (ASC-moderate) | 52 3TV 28 (ASC-high)
Fe 52 BV 41 (ASC-veryhigh) , FLAT A7 3 X 69 AL A 39 40 Bl . K A Eclipse v15.5 M & T AL A &5 ESAPI, #F4% & 414+
XMy RE ERBEANEFEF, R —F SV S RILRAN E 5% B R E T, R 408 (ASC-n0), 5%
528 PGTV69 #93& 4 & 35 2 kA Soit 5 £ 573 o 525028 PGTV69 F= PCTV1 #9344 135 3 (HI) 34 A 42 % it 52 £ 7 (P<0.05),
A% ASCREWIE K, £ 57 LI A H s 3F T PCTV2 49 HI, 52 328 b 11 48 11 285w IV 27 f2 %t 5 £ 5 (P<0.05) .
53t BBLAAR G, BRE D, M D, MBI D, ., IV 2042 523t 5 £ F(P<0.05) 5 | 4069 s T D, B4 et 5 £ 5% (P<0.05) ;
11 4865 A 0 RAR Vo0 B 2 4031 5 2 57 (P<0.05) 5 1 484w V/ 2849 & 4R 4K D, A 42 4531 5 £ 7 (P<0.05) ; 11 411V £.5e V28 4
AR D, LGS £ F(P<0.05), b, E32ait %) b, | 040 || 201 49 S AU R k2 4 43t 5 2 7 (P<0.05), Fa&
1B ASC AR EALG 3G m , 3+ R) 2 B 55 5 R AURHLI 3G 2 I IEARAE S, 58 i ASC FL iR i & 7 4 X 28 B A 5 57 R AL
W E, b EAE ASC Akt % FATHLE Bh 3k, 3 A E ASC %rh e X 3 4 A & R 8 S 4845, 5% &R
T AR BB A X T SRR A 6 B Ay iR L ASC AR E L E 4 verylow . low #= moderate
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Hao*, JIA Xiaobin?, ZHU Weihua', ZHANG Zhen!, HAN Zengwei?

Ninth People's Hospital Affiliated to Shanghai Jiaotong University School of Medicine, Shanghai 201900, China

Abstract: Objective To analyze and evaluate the application of aperture shape controller (ASC) algorithm in volumetric modulated
arc therapy (RapidArc) for nasopharyngeal carcinoma based on ESAPI and visual scripting. Methods The clinical information
of 40 patients with nasopharyngeal carcinoma was analyzed retrospectively, and Eclipse v15.5 treatment planning system was
used to design 6 RapidArc plans for each patient. The 6 groups of plans included control group (ASC-no), experimental group
I (ASC-verylow), experimental group II (ASC-low), experimental group III (ASC-moderate), experimental group IV (ASC-high)
and experimental group V (ASC-veryhigh), and the other optimization parameters of all plans were set as the same. The ESAPI
and visual scripting of Eclipse v15.5 were used to assess the dosimetric differences in target areas and organs-at-risk and further
analyze the variations of aperture irregularity and plan complexity index. Results No statistical difference was found in the
conformity index of PGTV69 between control group and experimental groups, but the homogeneity index (HI) of PGTV69 and
PCTV1 in experimental groups was higher than that in control group, with statistical differences (P<0.05), and the difference in
HI showed an increasing trend with the increase of ASC weight. For the HI of PCTV2, there were statistical differences between
control group and experimental groups 11, I1l and 1V (P<0.05). Compared with the dosimetric parameters of organs-at-risk in control
group, there were statistical differences in the D,,,, of spinal cord, the D,..,, of larynx and parotid-L in experimental group V (P<
0.05); the D,,,, of brainstem in experimental group | (P<0.05); the V., of parotid-R in experimental group Il (P<0.05); the D,,..,
of lens in experimental groups | and V (P<0.05); and the D,,, of pituitary in experimental groups Ill, IV and V (P<0.05). Among
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the experimental groups, there was statistical differences in total machine monitors between experimental group | and experimental

group Il (P<0.05). As the ASC weight increasing, both aperture irregularity and plan complexity index showed a decreasing trend.

Conclusion ASC algorithm improves plan complexity index and aperture irregularity. Among them, the ASC of low weight reduces

machine monitors, and the ASC of high weight affects the homogeneity of target areas and other dosimetric indicators. Based on

the comprehensive consideration of plan quality and delivery efficiency, the ASC weight is recommended to be set as verylow,

low and moderate for nasopharyngeal carcinoma and other complex radiotherapy plans.

Keywords: nasopharyngeal carcinoma; volumetric modulated arc therapy; aperture shape controller; visual scripting; aperture

irregularity; plan complexity index

[ Cameron'* Ulrich 52 5 Otto"* 4 H e WL
SRICETIAYT (Molumetric Moderated Arc Therapy, VMAT )
BESS , FIANATT RGO VMAT A H L HEAR
FEMARH . BT IHRHNATT , VMAT FEIK
TR HEHLARBIE, AR TR T S TR R
ZHERIERE A  Z2HfE H 4 Multileaf Collimator, MLC)
12 BIPRE E SE RS R 0V MAT X R 45 422 46 15 (Control
Point, CP) it 5 % FIAH SR I [a] A i 4 28 A A7 7™ A B
il o PRI, A2 A B R A 2 T3 MLC 8 il X 4
i, B4R BE250% 2 Varian Eclipse v15.5 N & T o
A il 5% (Aperture Shape Controller, ASC) , {2 ZF#1IK
TR MLC JP8lia 8 2 24 4 1 74
FIMERRE . AT 8 B 40 ] S 3 £8 3, DA L IX AL
& Bas B R s 25 55, 5T Eclipse AR 4w i3 0 A A
[7i] ASC A BT 140) 52 2% R SRS U] B Fry 5
PRI ASC B3k A S MR I ARTR Y7 1 1 H

L AR

1.1 f&RHIEEL

VEHUIN 2017 4E 6 H 3 2019 4E 5 A ) 133818 K
% B A BB 5 LN REE BE 0T BHIGA (1) 40 f51) S i
SR . Horp, B 26 4], £ 14 4] 5 4R 45~75 % (P L
AR 63 %) s TNM 4330 R TN M. FiFA i 191 5 24

a:0 =

LRE RS

ZER BRI ST A A R .
1.2 CTENMEE&IRER

A RMSE T 3k 250 (361 8 AR, S BB o A IR0 I [
FE o CT 4130 [\ Pt i B 31205 L i T 2, A4 )2
JE2.5 mm. BT RHA— B2 00 S B PR R S B S
18 2% 125 (ICRU) 83 5 iz 45 /) 1) it &2 Je 928 4t IX.
(GTVnx) FER A4 PRk 45 (GTVnd) . & & I R
X (CTV1) Sk ik L Fi Ry 42 X (CTV2) FlE # 4 41,
GTVnx #/h " 3 mm iy 44 PGTVnx, GTVnd #h 3 mm
fit 44 PGTVnd, PGTV69=PGTVnx+PGTVnd; if CTV1
HMT0.3 em R R I FRALIX PCTV; 1 CTV2 M
0.3 cm ARAF I P HEIX PCTV2,
1.3 ASC

ASC J& Eclipse v15.5 11 4% & 4¢ H ot + 1L ik
(Photon Optimization, PO) 5.3 VMAT - /- F¢ 51l {1k
A — N2 R 43, AR BT b T i it SR AT
SR B —Fh R . AN LS, MLC S B v A 418
M QUi B 6r B — B, SR I R i 3 R A
4 0; 22 I MLC 5 i AH AR I 7 AR 4% 52 A7 B MU
FE SCA R R ith 28 28R 05 W B S BEAH SR I
PR E 22 IR, M Rl ih 3 R AR = 3G
Il R S B oz FH Hf, ASC il 77 253 [) 3% 2 AH S i (2R
Ui {37, RS A i g B SR AR I R AN Sy O AR AR
JFHEAT S48, T 3RAS e/ N R i e iy LA o
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Fig.1 Schematic diagrams of local curvature coefficient of multileaf collimator
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% F Eclipse v15.5 i1 %1l R G gk A7 iRl 3 T
11555 A fik 6 20 VMAT 1131, % B8 2 (ASC-no) ASC &
Ky ooff; SC I 141 (ASC-verylow) ASC i% & &
verylow ; SZE6 T12H ( ASC-low ) ASC ¥ 4 low ; SR TIT
¢l (ASC-moderate) ASC i ' “& moderate ; 52 5 TV 41
(ASC-high) ASC & # & high; 52 4% V 41 (ASC-
veryhigh) ASC % & 4 veryhigh, T 144k 2504
[[]. BTA AT K H RapidArc XK I &, 55 — B
Bt R 181°%1 179° o B &R B R 5°; 5 — Bl i
BT Hy 179° 3] 181°, i B & & Ol 355° ; 4 Bl AR A
178451 5 . 54K 600 MU/min, i3 JH GPU Jinis , 7
R I Acuros #1BE S 7751 i (Acuros External
Beam, AXB)#&. %

1.5 #RiFH

BT 800 — T PGTV69 4k J7 71 1k 78 75 95% HIt
XARFL . TR X (PTV) 1) 2 PPAG A 55 8 XGE B
J& 45 % (Conformity Index, CI) F1 4 [X 2 &) P $& %L
(Homogeneity Index, HI ),

PTV /I CIE X H:

CI=V; o VeX Ve o Ve (1)
Horp Vo o R A J5 7 s 5 PTV AR VR b T
F A o BRI VR R TR X AR FR . CLE
T 1R E I T

PTV Y HIE SN

HI=(D,-D,,)/Dy, (2)
Hrr, D, 37K 2% By HE X AR BN B (9 551 3 5 Dgy R
5006 FY I8 X A4 RN L 14 77 i 5 Dgg 22715 98% (14 L X 4
TR AR . HIEERE BT 0 R W3 5 M ity

RapidArc BT, HLAE 1 B2 5 MLC {5 Fifi Bt 1]
AMEARAY R T O AR VEAR TR S5 2 AR 5T A4 i
H MLC JE i 5 BF B 25 10 52 X i RapidArc 5 38 fL
(Aperture) , HASKILIN B2 5 R

AP?

“4n-AA (3)
o, ALZR IR 55 LS RN B2 5 AP %7 5 AL i) S
K AAFIRITHALAY AR

TR 2% SR

1 " AP
MUM% MU x oo (4)
Horpr, PCI IR I 5 2% B s MU, A3 S 1 5 B B AL
i B BCEL 1 3R Y rf CPAE s MU, R 7R 5 i 20 CP 5
LA HEHL AR BREL
1.6 AR 4miE

Al ASC L I FHRCR AU TR 241 Rt

Rl ) 300 i 2 S, BT S AR LS B B 1
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PCI =

¥ &2 Z% & . Eclipse /9 W #2 5 i 7 (Eclipse
Scripting Application Programming Interface, ESAPI)
REAZHE = I R TAE N BL 0 TAERCR ™, AR
ESAPI L K 8t o fig ol L 4k Bl A v15.5 (Visual
Scripting) PiFh 4 i T-B . AT ALAL A HT TR 22 4t
T, ESAPIAA R JH TS5 R ALA LI B2 5 3] 52 J i
WIS .CSV 3. ESAPI A 4t 5 R H
C#, 4 1 %A+ v Microsoft Visual Studio 2015, 1 F:
75 A TE Eclipse SR TAE X rpiz A7, Hovh ESAPI
JEIAS S T P s v “Tools/ Scripts™ ; 7 #LAL I AS Ky
T HSE AL F “Tools/ Visual Scripting”
1.7 git=xiiE

i i IBM SPSS19 £ 4Xf I ik 7l i 2 2 MR H
HHEAES B0 3 v (1Y Wil coxon kTS 6 Kz XA i 2
PERES , P<0.05 £7m 22 5 A Ge it o

6 ZH 1R i ) et 2 2 R R et A5 R L3R LR SR
2. 55X (ASC-no) XT L, SE 541 PGTV69 11 CI A
G525 5 5200 40 PGTV69 F1 PCTVL Y HI 477
TEGi 12525 5 (P<0.05) ; X1 T PCTV2 i HI, 52560 41 v
ASC-low , ASC-moderate Il ASC-high 77 1£ 4 i 2 22
5 (P<0.05) . f& K B, 15 HE Djpa M Dy 220
JBR Dypean £ ASC-veryhigh 77 7 4t 112 22 5 (P<0.05) 5
ASC-verylow ¥ i T D, /7 7F e 1127 2% 5 (P<0.05) ;
ASC-low [ A7 IR IR Vo £7 £ B2 1127 22 5+ (P<0.05) 5
ASC-verylow Fl1 ASC-veryhigh () & Ik A& D, £ 1E 4t
it 2% 2% 5 (P<0.05) ; ASC-moderate. ASC-high FlI
ASC-veryhigh [ T4 D, fFTEGE 2% 25 57 (P<0.05) .
AP S E 2H Rl B, ASC-verylow 2H 11 ASC-low 2H &
MLER RS T2 25 57, AR & St 22
TG E5

&l 2 i ASC i B A H {E M no % veryhigh.  H
BRI, T 2 44 TR 7 S BRI 3, PGTV69 ATl
PCTVL ) HI S HUE

FEXTVMAT TR 26 B[R, [ N A ik 2
P m VMAT T PLAeR Skt o
BT A &R T R G VMAT By & 1
MLC FEFIE AL , 1% 10 Pinnacle i 14 T BF 4k
(Direct Aperture Optimization, DAO )% 1 Monaco H
¥ B 2504k (Segment Shape Optimization, SSO) %
P4 BRI, BRI Eclipse HP T A N B AHOCSE W3l
Hgid it MU objective RECEFEARITRIE 2 . 4K,
THRIDLASEEOCE EDUS B MLC JEASES R 5 2k
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Tab.1 Dosimetric comparison among 6 groups (Mean+SD)

i H SR ASC-no ASC-verylow ASC-low ASC-moderate ASC-high ASC-veryhigh

PGTV69 Cl 0.940+0.040 0.940+0.040 0.930+0.030 0.930£0.040 0.940+0.030 0.920+0.050

HI 0.049+0.003 0.050+0.003 0.051+0.003 0.052+0.003 0.052+0.004 0.060+0.006

PCTV1 HI 0.094+0.004 0.095+0.004 0.095+0.004 0.097+0.004 0.099+0.004 0.113+0.008

PCTV2 HI 0.102+0.007 0.102+0.007 0.103+0.007 0.107+0.008 0.108+0.007 0.117+0.010

i D,/Gy  37.990+0.720 38.140+0.580 37.950+0.550 38.090+0.720 37.810+0.620 39.000+0.760

fii 1 D,o/Gy  49.030+1.050 48.520+1.070 48.870+1.120 48.980+1.070 49.080+1.100 48.940+1.080

M5 V0% 0.010£0.002 0.015+0.005 0.015+0.006 0.015£0.005 0.019+0.007 0.023+0.007

Dea/Gy  30.560£1.120 30.520+1.110 30.530+1.120 30.660+1.130 30.770+1.230 31.500£1.540

ZE M AR Dpea/GY  22.840£1.350 22.790£1.280 22.860+1.290 22.830£1.370 22.940£1.410 23.090£1.340

V3% 18.910+1.840 20.110+1.170 19.900+1.110 19.930+1.210 20.200£1.500 19.250+1.380

A A Dyean/Gy  22.610%1.340 22.480+1.220  22.550+1.130 2327042580  23.030+2.610  23.120+2.290

V4/% 17.800£1.270 16.100£1.560 16.500£1.310 17.600£1.410 16.770£1.710 17.300£1.590

HEINTS D,,/Gy  5.160%1.010 5.020+0.980 5.080+1.010 5.170+1.070 5.190+1.050 5.740+1.620

EHHIN D,/Gy  48.220+4.020 48.280+4.290 48.280+4.000 48.580+3.860 48.740+3.390 49.560+2.780

BB EMU 619.700+57.800  606.400+46.700 604.100+46.000 601.000+52.700 603.000+42.700 577.600+49.900

R2 GHITRIGIHF R
Tab.2 Statistic comparison among 6 groups

L PGTVE  pcrvi pCTV2 i  WiT e LR AR s mk o maLs
cr o HI A il Do Dmax Vg Dy Vay Dy Vi  Dpgn  DPmx  Drma  BEE

ASC-no - - - - - - - - - - - - - - -
ASC- Zfi 0114 -2.693 -2.046 -1.046 0277 -2547 -0.798 -1.153  -1.353 -0.463 0958 -1.814 -2.319 -0.706 -2.210
Verylow ppy 0909  0.007% 0.041* 0296 0782  0.011* 0425 0.249 0176  0.643 0338 0070 0.020* 0480 0.028*
Zfi -1.224 -3136 -2.797 -2.334  -1457 -1492 -0.364 0505  -0.385 -1.060 2553  -1.253 0525 -0.961 -2.340
hacron P{§ 0221 0002* 0005% 0020* 0145 0136 0716 0.614 0700  0.289 0.011* 0210 0600 0337  0.020*
AsC. Zf§ -1116 -3198 -3275 -4303 -0539 -0.009 -0.262 -0.956  -0.235 -0.730 -1124 1278 -0.355 -2.470 -1.892
moderde b 0264 000L* 0.001* 0000 0590 0993 0794  0.339 0814  0.465 0261 0201 0722 0.014* 0.058
ASC- Zfi -0.751 -4.387 -4.438 -3.174 0847 0299 -0.649 -0885  -0.790 -1.142 -1.555 -0.492 -1.048 -2.195 -1.682
high P{§ 0453 0000* 0000* 0002* 0397 0765 0517 0376 0430  0.253 0120 0623 0295 0.028* 0.093
e Zf§ 0113 -4180 -4745 -0.795  -2815 0777 -148 -4513 0569 -2.171 -1.328 -1.707 -3573 -3.803 -1.529
veryhioh b 0910  0.000% 0.005*  0.427 0.005* 0437 0137 0000 0570  0.030* 0184 008 0.000% 0.000* 0.126

*P<0.05

JEHIE BRI SR R IX S e e B | I R R

e BEAAZ LA BRECE MR, B2 32 42 i A S OR

LB B HESE M . Eclipse 155 N & T ASCHZ:, it I 2 28U IS K

BRI MLC FHAI I P2 fhe h 3 ) 7 > 2 AR 1 Xl

Fr TS SR R P R S AL A IR R AT

., BfiZ5 Eclipse 15.5 7F [ N A2 #7351 , anfi]
HE—2E 1 ASC BRI PR 8 1 75 B30 o A N 1)

AT HLEL T 6 MR 25 F  ASCHIATE
LA VMAT H g R o 25 R, e W) 20 4 7Y
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c:PGTV69 B HIZE 1L E

L R e, ASC TR B R e S DX B A M X
PGTV69 (13T JE B A 77 A5 B 35 52 Mo A4 AH T
VMAT #5425 K F 150 B, 1 R XA Y J3 22 5 1 3%
KA . Eclipse fi% Rapidarc 304> 3% 2R 1A 45 i i h
356, i T A 1% PGTV69 & T8 J¥ 6 i E 1k 22 & .
BEAb, S M Ja 0 X 50 3T MR O S T AN R, DR R
DX 7)o X S A R KT A 3R W A
S RO B MR MRS T R A R R R
G TR Dy A I TS U 53475 15 W D e 5 0
AHEFEH , ASC-veryhigh £H (19 22 8 iR W% 1Y D, 558
STHRL M IR 21 1.1%.3.1%, HAFTESEH245+(P<0.05),
S0 T AE IR 0 T A TIOR3 P XU <

ASCH MNP s RIZ 24 . 156, ASC

2 RIS AE PGTV6Y HIS PCTV1 HIZ (L E
Fig.2 Variations of plan complexity index, HI of PGTV69 and HI
of PCTV1

FEAIR T MLC [B] 119 38 48 DX I, B8 i 1 g A48 ) st v B
Ao AL AR . &l 3 TR, ASC 5 B M no |
veryhigh, #51~ CP 1 & 2 2P 5 H 1 25 AT, S0
SFE AL T RN, 3k 4R v T R BROR AR T I
K2 Z4 5 (E1 2a) ™ o T RIBLER BE B BT, A4 T
Xif B4, ASC-verylow ZH F1 ASC-low ZH i #L %5 Bk RUAF
G TR 22 5 H A T R 3 GO IRA 435I 2.1%
2.5%) , W] ASCHILTE—E R A F TRl 4% g
BORAAALIR YT SR o SRTT, o 55 1) ASC AL 1% &
ST 23 BRI X A 2 25 3R L A SERF TN, B AR
VMAT 35 v S8 AL AR S 3 B i X 38 S e
PCTV1 5 PGTV69 i3 5] 45 £ bifi 457 ASC AR fb iff 5
SR (K 2b 5 2¢) . ASC-veryhigh 41 FHEE T

a:ASC-no

b:ASC-moderate

c¢: ASC-veryhigh

3 3MASCHERA THEMRXEMRAE 0°)
Fig.3 Beam's eye—view (Gantry 0°) of 3 ASC modes
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Sl 52 6 2 R DX 38 ) BE R B AR B S 2 R i, 2R W]
1 A A ASC XA XA AL TC 26 -
HR,ASCH LM T CP R sRIE S48 1k, B
%7 CPANKIIN B 22 5, 9/ T W iz sl oA L) 72
I aperture X 71 5 2= A 2R . Q& 4 iR, HLAE 360°
5 5y JR) 1 P9 ASC-no 21 S5 B v Sk oRAS B 0 B 2% S e
K, ASC-veryhigh ZH 555 B 9 55 A MU B2 22 S /)
VLA ASC Bk b 5t R PR S B 24 . It
4, ASC-no 2175 (152 X 11 CP I s A AN LI EE 1 31
Ja Z 7 4k, i ASC-veryhigh 2H 75 B 5 X 5 30 AR

SFERLANHL I B

o
PLARM R/
4 TRINMEHETHRTANEEL
Fig.4 Aperture irregularity changing with different gantry angles
I35 DX R AN LU 32 2 i 22 1 DXk

PRI i A A Bl )  Fe W] ASC i g b IR CP
SIAOE 522 5 N> MLC i iz s 49 .

25 LTI X T SR g 2 A R A2 2R i Sk SRR 1
R, AL A ASC AR AR 1T HE I 204 (5 18 25
T TR A BE RN AN MU . ASC i D high
I veryhigh i, #8DX 85 59 BZ 34N, {ELIR] B 52 i JH e 76
AR bR, P sl veryhigh i X 244 P B 0 B
W 57 BRI o AR BRACR 6T B A
Y 2T TR, AT 5 I ASC 32 I
verylow . low Fl moderate, LA iE Iifi PR 7 2K A1 iR 57 $4
(I &SRR .

(5% k]

[1] CAMERON C. Sweeping-window arc therapy: an implementation of
rotational IMRT with automatic beam-weight calculation[J]. Phys
Med Biol, 2005, 50(18): 4317-4336.

[2] ULRICH S, NILL S, OELFKE U. Development of an optimization
concept for arc-modulated cone beam therapy[J]. Phys Medd Biol,
2007, 52(14): 4099-4119.

[3] OTTO K. Volumetric modulated arc therapy: IMRT in a single gantry
arc[J]. Med Phys, 2008, 35(1): 310-317.

(4] ZFHk, Hizok, Mk F KT RayStation it X 2469 T H B E
kAR A St R[] PSR F 5 & &, 2018, 38

(10): 751-755.

WANG X T, XIAO J H, ZHAO J L, et al. Evaluation of fully
automated volumetric modulated arc therapy planning of cervical
cancer in RayStation treatment planning system[J]. Chinese Journal
of Radiological Medicine and Protection, 2018, 38(10): 751-755.

(5] Aok, thth, th AT, 4. B4 TPS 2 Ja] VMAT X 4£48 F 3 F 0 AT
(3], P AR S 5 22 &, 2017, 26(10): 1192-1198.

YANG T, XU W, XU S P, et al. Evaluation of plan quality between two
treatment planning systems for volumetric modulated arc therapy[J].
Chinese Journal of Radiation Oncology, 2017, 26(10): 1192-1198.

(6] #4& &, xHF, %W E, 5. Monaco 55 Pinnacle # X £ %72 i J& %~

BRARSER IR R P A [J]. P EBH EF 5 4 4 &, 2015, 35
(2): 119-122.
YANG J L, LIUBY, LU S C, et al. Comparison of Monaco and
Pinnacle treatment planning systems in volumetric modulated arc
therapy optimization for lung cancer [J]. Chinese Journal of
Radiological Medicine and Protection, 2015, 35(2): 119-122.

(7] A3, Ayoikik, FUAR, 5 . AW SRR S SARA A 3R AT 7
o (1], e RFFR(A KXAFR), 2019, 20(4): 481-484.
ZHAO P F, YANG Y Q, ZHOU G, et al. Dosimetric study of step-
and-shoot intensity-modulated radiotherapy and volumetric
modulated arc therapy for rectal cancer [J]. Journal of Beihua
University (Natural Science), 2019, 20(4): 481-484.

(8] &, B®RTF, WM, 5. VMAT 5 IMRT £& i 4545 55 4 IR 4%
ik LI R s (3], F AT 5 4 &, 2018, 27(11): 989-993.
GAO H, ZHAI Z Y, JIAP F, et al. Comparison of dose distribution
between VMAT and IMRT in patients with brain metastases during
hippocampus-sparing whole brain radiotherapy[J]. Chinese Journal
of Radiation Oncology, 2018, 27(11): 989-993.

[9] BALLHAUSEN H, LI M, GANSWINDT U, et al. Shorter treatment
times reduce the impact of intra-fractional motion: a real-time 4DUS
study comparing VMAT vs step-and-shoot IMRT for prostate cancer
[J]. Strahlenther Onkol, 2018, 194(7): 664-674.

[10] &, #pok, st wa, % VMAT X F MLC »} J i& 3h i J& 5 5|
fiig 2% [J]. ARSI 5 2 &, 2017, 26(2): 182-186.
WANG G S, YANG B, PANG Y T, et al. Effect of leaf movement speed
on setup error of multileaf collimator in volumetric modulated arc
therapy mode[J]. Chinese Journal of Radiation Oncology, 2017, 26(2):
182-186.

[11] 5048, F47R, REH, 5. mik BB 472 2 35 B SRk 5

RAT R EF )] PR E S 5 4 4 &, 2018, 38(11):
824-829.
LI G J, LI Y L, YUAN Q Q, et al. The dosimetric impacts of
accelerator operation error on the volumetric modulated arc
therapy for cervical cancer [J]. Chinese Journal of Radiological
Medicine and Protection, 2018, 38(11): 824-829.

[12] Meskst, B4RF, AL, 4. SRR AR IR A SR L 31 %) L4
PagAR R[], P E E 4y 4 &, 2018, 35(7): 781-784.
TENG J J, SHI J P, ZHANG L W, et al. Correlation between dose
verification and plan complexity of volumetric modulated arc therapy
for nasopharyngeal carcinoma [J]. Chinese Journal of Medical
Physics, 2018, 35(7): 781-784.

[13] DU W, CHO S H, ZHANG X, et al. Quantification of beam complexity
in intensity-modulated radiation therapy treatment plans [J]. Med
Phys, 2014, 41(2): 021716.

[14] YOUNGE K C, ROBERTS D, JANES L A, et al. Predicting
deliverability of volumetric-modulated arc therapy (VMAT) plans
using aperture complexity analysis[J]. J Appl Clin Med Phys, 2016,
17(4): 124-131.

[15] 3£ X &, k&%, #&7F, % . AT Eclipse Scripting API & 7] % Ff |



5 , .ASC

- 551 -

M E R R G ROT B R[], BT E A K4, 2019, 40(10): 44-
48.
MO W J, HUANG J H, XU S, et al. Design and implementation of
dose limited structure generation system based on Eclipse Scripting
API[J]. Chinese Medical Equipment Journal, 2019, 40(10): 44-48.

[16] YOUNGE K C, MATUSZAK M M, MORAN J M, et al. TH-A-213AB-
04: improving VMAT delivery accuracy by using an aperture
complexity penalty during optimization [J]. Med Phys, 2012, 39
(6Part29): 3980.

[17] NAY, SUH T, XING L. SU-E-T-609: improving the efficiency of
VMAT plan optimization by using sparse decomposition method[J].
Med Phys, 2012, 39(6Part19): 3846.

[18] &, AR/, wahak, & . F B SR RAT 09 S aGn L i)
RACHF L[], M TRy 5 74 77, 2012, 25(3): 135-139.
MAY, DENG X W, HUANG S M, et al. Study on planning parameter

selection and optimization of volumetric modulated arc therapy
(VMAT) for nasopharyngeal carcinomalJ]. Journal of Cancer Control
and Treatment, 2012, 25(3): 135-139.

[19] #rme, X X3, &#kanl, . FoBsmRRAT 5 % AT AR
Ae R e BT[] P AT R 5 55 Br 47 24 &, 2006, 26(4): 377-379.
XIE CY, WU S X, JIN X C, et al. Effect of intensity modulated
radiotherapy and conventional radiotherapy on parotid gland function
in nasopharyngeal carcinomalJ]. Chinese Journal of Radiological
Medicine and Protection, 2006, 26(4): 377-379.

[20] spu, iy, ZRT, 5. FH @R E HE IMRT 72 57 69 %9
[3]. W 43505 Bt 95 5 ¢ &, 2016, 25(7): 740-744.
QIU R, SHANG K, LI R X, et al. Influence of sub-field area on dose
distribution in intensity-modulated radiotherapy for cervical cancer[J].
Chinese Journal of Radiation Oncology, 2016, 25(7): 740-744.

(4% AFHTA)





