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Evaluation of Auto-planning technique-based volumetric modulated arc therapy plan for early

nasopharyngeal carcinoma

ZHANG Quanbin, PENG Yingying, YU Hui, ZHANG Shuxu
Radiotherapy Center, Cancer Center of Guangzhou Medical University, Guangzhou 510095, China

Abstract: Objective To compare the dosimetric differences and planning qualities between conventional volumetric modulated
arc therapy (mVMAT) plan and Auto-planning technique-based VMAT plan (aVMAT) for early nasopharyngeal carcinoma (NPC).
Methods The clinical data of 20 patients with early NPC were analyzed retrospectively. Two kinds of VMAT plans, namely mVMAT
plan and aVMAT plan, were designed for each patient. mVMAT plans were manually generated by experienced physicists, and
aVMAT plans were automatically generated by Auto-Planning module in Pinnacle® system. The dose distributions, organs-at-risk
sparing, monitor units and planning time were evaluated and compared. Results The dose coverage and conformity index of the
target areas in two groups met the prescription requirements. The homogeneity indexes of PGTV and PTV2 in aVMAT group were
significantly better than those in mVMAT group, but there was no significant difference in conformity index between two groups.
aVMAT plan was advantages over mVMAT plan in protecting spine cord and reducing the dose to the brain stem. Compared with
those in mVMAT group, the average monitor units in aVMAT group was reduced by 6.83%, and the average planning time was
reduced by 14.50%. Conclusion Compared with mVMAT plan, aVMAT plan for early NPC has better target dose distribution
and reduces the dose to normal tissues. Additionally, aVMAT plan has higher optimization efficiency and plan execution efficiency.

Keywords: nasopharyngeal carcinoma; Auto-planning; volumetric modulated arc therapy; dosimetry

H 5 S MR S DL Y Sk ST R AR 2 — L R

7 E N Hodk BRGSOk . ARk, AR

(75 B H3]2019-12-03

(BEEWB N 25 TARHE— 5 500 H (20181A011095)

(1EE @A 1ok, WhE 2k, = FWRE 7 0] « O P 30 K0 88 L E-
mail: zxiansheng316@21cn.com

GEEEE KRB0, 2052, FEAETT1 O Py B8 i , E-mail:
gthzsx@163.com

PSR G TT (VMAT) VRN — Mo (UG T Bk
BN TR IR o i T SR B R IX A2
HIEBW kAR Z 016 Kds ' , Hor il st 2 1
HABTRAL R ) 52 2% HZOR W i o iR il
F18 B0 2 R T ST B £ R R A R 22



4 , . Auto-planning

- 427 -

DL B AE TR T 1 B #E 9 g s ) OS5t R,
ST ) BRI AR TR T K2 224855, DRI
IR S5 WA IS T TR BT B A A B M 2
17 G A i S S AR A A R ] LB B 85% L L.
PRt , ] 2 s e AR TR B B, 2 R EAR
25 Y EAROCTE

Auto-planning F & Pinnacle® TPS F 4 %t T i it
XA SIS B B SR, — Mg iRl %
T, Al S B RN A St b i)
LT £ R At A R 28 5 1) OB P | 4 e 0T TR R
AR . Auto-planning 5 DL HE 19 55 46 22 56 il
AR, 3 &R Se A ) A ) i O 45
F, AR H AR PR 250 S S A Ak B A ek Bk, i H T
PR B A o DRI, A BT 5 24 B 20 f51) 5 30 S R 9
5, K H Pinnacle® TPS 2 4t (1) Auto-planning H 3]
BT 58 B VMAT 14 (aVMAT) , 385 5 5 i F3h ik
TH52 1 H L VMAT 3131 (mVMAT) #1751 5 2% 53
B, PEAL P 4 1) 22 5 S Auto-planning 7 A 7E 54
SR SR T AT

1 MR E7H=*

1.1 BEHEM

BEALIEEL 201745 1 A ~12 AT M ERFK# R
b9 15 B MACIA B9 20 51) 225 BT MRT A2 Ry T Ah
00 S B AT RO AN A, LR SR
SPRT A FZ G R B . o 51241, £ 8 4 5 4F
1% 30~71 %, O AEIY 47 % . T BB FEE 2009 4F 56
[E] 985 i 23 I B G 2% 51 2> (American Joint Commission
on Cancer, AJCC) 55 -E MR 434, Horb T, 4 35%, T, &
65%, T, Fl T, ¥ 7 0%; N, & 20%, N, N 45%, N, N
35%, N, 4 0%; M, N 100%, M, }j 0% IIfi K TNM 43
1K 55% 114 45% , TILFITTV 44 0%
1.2 IR AL E E

i B 35 R A M, Sk 3908 $A08 I 15 (A
fL[EE . CTHAFEH LR 8H KT 2 em, 4
JZIEH 3 mm, g R
1.3 ERERAE RS FFE

Z:7% ICRU 505 .62 545, i %% Iy 4= & 1 Jih g
[ 3 2E 47 B g 01X 2) 1, fifgEd B X (Gross Tumor
Volume, GTV) : AL 45 5 & kL AL RSk BV, . JR & AL
GTVnx 8 llfa PR A FSAR 2 B UL 0 J & e o ik
251X : GTVnd 48 I R /385245 27 W8 21 19 b bk 2
gE X, 1% ARHE X (Clinical Target Volume, CTV) : £
$55 15 & N PR A0 X CTV L MM AS I PR b 98 X % it B 44
B G 20 90 B2 45 X 3k CTv2, it &1 48 X (Planning

Target Volume, PTV ) : #L[X ) PTV 45 #L [X 43 5| #1 ik
3 mm, i # N PGTV .PGTVnd . PTVIHI PTV2,

Jr A B AL T 43 0 45 PGTV .PTVIL,
PTV2 FI PGTVnd i1 545 & 4y 70 .60 .56 F1 60~68 Gy,
Sy RIRE 320, B S IR 1.
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Tab.1 Dose constraints of target areas

i3 R/ %
X SR
mVMAT4] aVMAT4]
PGTV V,100295% 100 100
Vg;299% 100 100
V,16520% 100 100
V,15<5% 100 100
PTV2 V100295% 90 95
V:299% 100 100

VAE SCRHART, 100,93 110 F1 115 S 4075 3068 19 7 43 L

1.4 BEREE RFIEMR

& Ko B AR AR T A2 A
e CHRER AR AR P R TR T AR B
KT, BHE T B S T4 mm. 5 FR
R4 RTOGO615 b vfE 5L .

1.5 it xligit

¥ 20 1) 199 5 0 98 9 191 43 S & H Pinnacle’
(v9.10, Philips Radiation Oncology Systems) i1 %] &
8¢ AT L VMAT 33183 VMAT A 3t st
4391 mVMAT Hl aVMAT, H. 34 5% F A ] ) B &
£ BRI 5 F A P A 2 A B 100,
VMAT 3 5% 49K, I sf 45 1) [ 182°% 178°,
By Ta] A O178° & 1820, i H A f Ol 15° )
345°, % VMAT [ iR g H AR, 575 %
MR BB B3 3K
1.6 XU,

A T 4 R 30 AR B )5 (8] (Dose Volume
Histogram, DVH) X} I} F4 A iy 8 DX RIAE K 45 B 1A
B2 S50 T IR . BB R iR (D,,,,) I
/N At (Dyg) |\ OF ¥ 5] i (D) 350 PR 4R 8K
(Homogeneity Index, HI) ' 1 i& B & 8 %
(Conformity Index, CI)'"', & K #% B 1Y 3% B 5l 5 =
B, WD, Dyeans Vi Dy, PARH R [A] FHL 25 Bk
%% (Monitor Unit, MU) o CI=(V,,/Vy) x (V. /V,) ,
ot Vo S5 SR R 4 i B 5 AR R, Vo
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2.1 ITRIBXFIEE

S e AR AN 1 T, 34 R A TR X
1) 78 5 FNIE TV B XA AR A R o WAL TR Y R
B IX R, AT I R 55 95% R XA, H
110% &b 5 7 B AR BN T 20%, anZk 1 s . P4t
VIDCTHEX = LA PR 2. XF T PGTV,aVMAT
ZH K D, D, I T mVMAT 2H (P<0.05) ,{H D,, . 2% &
PE(P>0.05), IH4h,aVMAT 4% PGTV .PTV2 %) HI B}
ST mVMAT 44 (P=0.006.0.001) , {H i # i C1 i
EZ5ME(P>0.05).

E1 152052 E(T,NM,)KNERIXIFIES%H
Fig.1 Dose distributions in two plans of a patient with nasopharyngeal carcinoma (T,N,M,)

TARFMEWI T, SARF IO, C AR AT ; m XK mVMAT, aft# aVMAT

2 MATRIMEXFEF R
Tab.3 Comparison of dosimetric parameters of target areas

between two groups of plans

B IX ZH mVMAT 4] aVMAT 21 PAH
PGTV D, /Gy 74.12+0.31 72.93+0.49  0.001
D,,.../Gy 72.75+0.41 71.18£0.37  0.000

D, /Gy 70.23+0.38 70.11£0.32  0.606

HI 0.038£0.009  0.026+0.007  0.006

CI 0.803£0.043  0.826+0.051  0.241

PTV2  D,/Gy 72.29+0.54 71.46+0.43  0.001
D, /Gy 55.86+0.78 55.88£0.41  0.754

HI 0.273+0.011  0.259+0.022  0.001

CI 0.827+0.052  0.851+0.064  0.598

22 BRBEFEFSH

235 B e g B AR WAL TR Y R e
GBI, fE B B 7 A R I A 7R e B
BER o BT A TR B I8 B AR A9 250 i H

br, HOH A # BRE GV /N T 50%. ok, 5
mVMAT 4L H b, aVMAT 438 /> T — 2L i K 28 B 1
o, ARG A RE BT RS O RR e R sE S
aVMAT 4143 mVMAT 41 1] ) 5 ff- b [ I 6 3 5] o
(P<0.05) o XF Tk T 1 52 B 4, Vo Vi FV,, 7E
aVMAT 4 H ik T mVMAT 41 , .4 i 3 % 5t
(P<0.05), iE 2 iR BV, V. D, LG i #2255
PE(P>0.05) ., 4 HA IE 7 4L G0 HUI, B 3A s i
WEZEFMEP>0.05),
2.3 THRIE B E AL RS BREL

WE 3 TR, 5 mVMAT 4141 Lt , aVMAT 4 A9 AL
75 Bk 2 MU B /D> | 7 2 HL#% Bk % MU B 2> 6.83%
(P=0.046) ; aVMAT &1 ) 31 %] 5 11 B 1] B &g 2D
mVMAT ZH A3 H3l e T H a] P38 Jal i 3 ik ] s 2>
14.50% , B A I 3 22 5% (P=0.000)
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Tab.3 Dosimetric comparison of organs—at-risk in two groups of plans
LA /% Brfebnife 2
& BeAts B ZH

mVMAT4] aVMAT 4 PAH mVMAT 4 aVMAT £ PAH
i+ D,..<54 Gy 80 85 0.338 54.36+2.19 53.05+1.91 0.194
V4, 1<4% 100 100 N/A 1.412£0.50 0.79+0.55 0.311
Jil§F+2 mm D,*<60 Gy 100 100 N/A 54.73+2.18 54.18+1.93 0.578
i D,..<45 Gy 100 100 N/A 37.90+1.13 34.88+1.15 0.000
A BE+5 mm D,#<50 Gy 100 100 N/A 40.10+1.77 37.78+1.29 0.006
ffA+5 mm D,.<12 Gy 100 100 N/A 5.53+0.69 5.45+1.21 0.863
MAE D,..<54 Gy 90 90 0.752 38.61£11.43  37.82+12.89 0.892
Wz D,,.<50 Gy 85 85 0.223 42.96+9.91 41.77£12.09 0.822
Fils D,%<60 Gy 85 80 0.653 57.66+4.00 58.43+3.51 0.669
LRREN D,%<60 Gy 100 100 N/A 51.88+3.18 51.44+2.98 0.857
ARER D,%<30 Gy 100 100 N/A 10.12+4.91 9.90+7.47 0.943
I D,,...<26 Gy 0 0 N/A 33.56+3.11 34.01+4.47 0.809
V,,"<50% 70 75 0.415 46.45+12.34  47.35+14.04 0.886
AR D,<70 Gy 100 100 N/A 58.10+3.83 58.28+4.20 0.925
U3 D,.,<45 Gy 75 85 0.217 43.42+3.76 44.69+4.37 0.516

2.5 mm 53 ARG KA E 1 3D AN+ & g #r IR Z IR (530 .45 .50 F1 60 Gy)

1001 —=—mVMAT 10007 ¥ I 200
90 A AT 0501 I hLasBkK w2 3 180
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= 60 = 8001 —L 120 E
K & T L
iz 507 = 7507 = 100
= mh =
= 40 1 r80 X
g 40 1 % 700 T O =
30 6501 r60
20 600 1 40
. 550 20
10 i
0] 0 ' ' 0
T T T T T mVMAT aVMAT
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/Gy &3 LA RIRIH BBk BRI IR B G it 43 47
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Fig.2 Dosimetric comparison of brain stem in two groups of plans
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Fig.3 Statistical analysis of monitor units and planning time in two

groups of plans
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