H36E 11 FpE PR B 2R 2 Vol. 36 No.11

20194 11 A Chinese Journal of Medical Physics November 2019
DOI:10.3969/.issn.1005-202X.2019.11.002 E Skt 32
HEE A EXNERESRREEE R R R F =18E R 2200
REF,ZZR,ZEZHR

HERHE SR E R SR — B P X, 228 AL 230031

(EEIEW: @i A%, 0 A B 63 7R SR #5852 (VMAT) i X 5 26 Hvm, ik 2510
4 T, 9B &, 545 & 5130 104N VMAT 31X, 10 A VMAT 3 %) B 35 A &%) 4 0°.5°.10°,15°,20°.25°.,30°,
35°.40°.45°, LA AT R Bl R PR R F)E A R B AR B LR G F IR B VAR ShEL, - 3TE A R 34T B IE
FERR .k A% A A 10049 VMAT 3t X ,PGTVnx PTV1 ¥A & PTV2 # HI 3548 5 v, CI39 18 5 K (P<0.05), PGTVnd #J HI 3%
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Effects of collimator angles on planning and dose verification of volumetric modulated arc

therapy for nasopharyngeal carcinoma

WU Xinglei, WU Aidong, WU Ailin
West Branch of the First Affiliated Hospital of University of Science and Technology of China, Hefei 230031, China

Abstract: Objective To study the effects of collimator rotation on the planning and dosimetric verification of volumetric modulated
arc therapy (VMAT) for nasopharyngeal carcinoma. Methods Ten patients with stage T, nasopharyngeal carcinoma were selected
and 10 VMAT plans with collimator angles of 0°, 5°, 10°, 15°, 20°, 25°, 30°, 35°, 40°and 45° were designed for each patient.
Dosimetric parameters, such as target coverage, the dose to organs-at-risk and normal tissues as well as monitor units, were compared
among different plans, and dose verification was performed on each plan. Results The PGTVnx, PTV1, and PTV2 in VMAT plan
with a collimator angle of 10° had the lowest average homogeneity index and the largest average conformity index (P<0.05). The
differences in average homogeneity index of PGTVnd among all plans was trivial (P>0.05), and the maximum average conformity
index occurred at 5°-30° (P<0.05). The maximum doses to brain stem, spinal cord and eyeball were relatively lower at 5°-20°
(P<0.05); the maximum doses to optic chiasm and mandible were relatively smaller at 15°-25°; and the smallest parotid gland V,,
was at 35°. For the normal tissue outside the target areas (B-P), the minimum radiation volume in low-dose region (Vs, V,,, Vs and
V,,) was at 0°and 5°, while that in high dose region (from V,, to V;,) was at 10°. Among all plans, the average monitor unit is
minimum for the plan with collimator angles of 0° and was maximum for the plan with collimator angles of 30° (P<0.05). The
average gamma passing rates for all plans were above 98%, and the plan with collimator angles of 20° had the highest gamma passing
rate. Conclusion In VMAT planning for nasopharyngeal carcinoma, collimator angle can be set at 10°-20° to obtain better target
dose distribution, reduce the doses to organs-at-risk and normal tissues while maintaining the passing rate of dose verification.
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‘F (Organ-at-Risk, OAR ) JZ i X J&] [l 1 & 2 4157 2| 1)
HECSRE B A, 5 8] B O o ik S 36 T (Intensity-
Modulated Radiotherapy, IMRT) #H It #L #% Bk %%
(Monitor Unit, MU ) B0AIG , 3&)7 By 8] B & 4 4, BA 0
= RITRCRES . I, I ARk VMAT 53 i FH T
G PRIAYT . TR X IR I A 2T X
Ph K Z2 50 1 BEOR WG DL T (i AN B8 3 2 1
VMAT Sk i i 77 1 43 A5 o 78 VMAT $hA 73 72
Hh B AL AR 0 5 Bl e A A ) 2R G R A e L )
R Z M1 H A% (Multileaf Collimator, MLC ) B & ,
30 2L 8 A o LA AR BE R A Dl 2D i R [ s S AR TU o
S A P A A B Y T ME LA R
VMAT T3 0 52 1), H X S A 988 B AfF 98 38820, AR SC
X G SRS VMAT T35 13k A8 v v 18 A 3 19 52 T
AT TR, WA iR H I R VR T RIS

1 R 57%

1.1 ARMK

BRI 10 19115330 4 T, 3 HLJC Oy 25 Sk 1) S ik e
B VE NI AT BT 5 . BT B Y
WIVIBIT I 2 B 07 A R B IRTr e A
KV KRG T 0y hn sk & - AT, M40 22 0 Y 225K B
[) St #E T2 o CT BUR 51 5 TR AR IR 0 1R 22 , 12
PIRZELE 3 mm DLF 7 ATk Se b A TR s i A iR T
1.2 fEGLEER CT

T I A 2R A MO, Sk 51 #R98 Ti
FEETC A5 38 B R B RO B Sk B [, 7 T S 2% T A0
PEARAIbRIC , R HIRE CT 2948, i Lo+
SR TSR L T N B DS T 2 em, 2% 3 mm,
1Y CT BR 2 W 2% 1% i 3] Pinnacle® 9.10 J697 11
RIARGE, LLfE 2 m e X 515t

AT F A Y REAT MR, $940 R F A s 43 4
0 [T DAL I v 3 28] e B 1T, 4 4 19 MIRT S 25 )
&A% 4 %) Pinnacle® 9.10 {67 TR R 48, I 5 CT KR
HATRLG .
1.3 IXFNERF[EWNAE

DA 2010 4F S WA 0T & R TR AR, BRI 7E
CT 5 MRI il & 0 B 13 )2 ), s 3 X
(Gross Tumor Volume, GTV )£ 5 5214 i PR A ] WL
1) Ji & I geg 3 A e FLARARE BBl (GTVnx) LA S e AR R
i PR ASE A X2 2] 7 o Ok B2 45 X 38 (GTVnd) o I IR
#I[X (Clinical Target Volume, CTV ) i #5 Ilfs A # 44 FH
5 ik I a i X py i PREEAAR R (CTV) LA S 7 %
0 B BSR4 51 X (CTV2) o T X4 IX
(Planning Target Volume, PTV) : H2 #& A B (v 4220/ 152

2% GTVnx .GTVnd .CTV1.CTV2 73 4" 3 mm£5
HAY PTV 4K X %E X & PGTVnx, PGTVnd, PTV1,
PTV2. OARLIICRU 83 “FHz 5 Mk 4l 2 i , 454
BE T AR AR IRk A S AR G
Je ARG T 4

1.4 iXligit

I H Pinnacle® 9.10 387 11 %1 R A #E47 VMAT 11
RI5it, 76 Varian 24\ Trilogy M % Fi#F4TIRYT
AN BB T 10 ASIR97 IR A BE Sy 00 XU VMAT it
R, — A 9K 180.1° F] 180.0° JIF if 41 it 4% , 10 2H
VMAT %] i & %5 £8 BE Arcl 4351 /& 0°,5° .10° . 15°,
20°.,25°.,30°,35°,40° ,45°; 55 — 4~ 9K M 180.0° £
180.1°38 i 1 i€ 5% , 1 EL 4% /1 BE Arc2 iy 360°-Arcl
10 ZH 3 -40) A9 7] o 20 R 25 A L AL S 80D 37— 3, R
FHHEIX D, H— 7 20, LR BT A HL X 95% MR FH 1K 5
AHRL AL J7 54 . OAR B3R il D,,,.<54 Gy . & B
D,.<45 Gy . HR¥K D, <50 Gy. 4 D,, <8 Gy sz
D,..<50 Gy 2 X D, <50 Gy #iHt D, <70 Gy Jifli %
D, <70 Gy. D, <40 Gy. Mk D, <45 Gy. [ I
V(30 Gy 71| 148 7 452 [l i) ML A4 R o AR B AR L Y
H ) <50% . F#iH D, <70 Gy,

A B YR 6 MV 626 R 25 Jin 12 I8 58 18
SHAIT 73, R IX AR 5 PGTVnx b 2.12 GyAK .
PGTVnd 4 2.00 Gy/i/X .PTV1 4 1.81 Gy/iX .PTV2 K
1.64 Gy/UK, B33 ¥k, B 5 U, Sl 23 51 o 70
66.60.54 Gy.

1.5 Bt RIS,

TEARIERT A PTV 95% AR 1 Ak J7 751 2 1 i £
T, SR F A AR R RS A PTV  OAR FILIE # 44U
Z MR S BT S B . PTV 240 501k

D,, - Dy,
5% (Homogeneity Index, HI)= — 21131 Hrfr|

DSO%

D,,, Dy« Do, 73 ZE 7R 2% . 50% . 98% HIL [X A4 FH T 27
FfE HUE R 0, QR0 X Ay ¥ S i . 16 %
VT,ref VT,ref
v, V.,
W, Vi NS 55 S5 4 I 7 5 AR, v o 3 IX {4
LV A SRR 2 T R 58 04 i A7 AR B, CHE B
T 1, RO X RIS Y BB . 22 OAR 57 5 i
i R < 82 QT 1 NI U (2 s L 5 e
KT AUE B D, T SR Y D, s BEAR Vo 1E
LR 2 I O CT A3 AR FR (B) 8 2 T
PTV (&FL(P) J5 1Y 1E # L 41 Xk B-P, ¥4l B-P 119
Vi Vie . Visu Voo . Vs . Vi . Vs . Vi W Vi W Vo FEiT
B T MU,

fal

o FN

4 48 % (Conformity Index, CI)=
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1.6 FIEIWIE

F| Fl SunNuclear 2 Rl B9 = 4 7] & K Uk #5 1K
ArcCheck S SNCP 3 A 45 (4 % B4~ B8 5 19 10 MR YT
TR HEAT A UE o B BS99 611 VMAT 130 L
DICOM #% 3 28 W 2% 14 22 Varian 1877 248, 1k 52 br
Wi, [FIRPEE VMAT 7130 52 il 8] QA B4 I, A5 71
i = K MLC 7 B85 B HLAAE ST E S S
o 7E QAT L QA MR Sy S B vl , T BT
FIHERE  B0AI7 TR 59 MU i A S QA 181 v, 51
FHE A — 31 QA MR I Ay 7 3l 1, 8 QA TR
Pinnacle 11 %] & 4t 1% 3] SunNuclear SCP 3C 43¢ L1 &
S E] SNCP /AR A v, S5 25 R EA T b, X
v oM 7 2R R R R SR AT R e
1025 Hx ) ue /N3] s BR i) ) /3% (e K e i/ 11 741 i
22 )/3 mm R FEVFIRARA B A SRR
1.7 &it=0H

ARSI RS Y 1 SPSS 22.0 5 Ak k148127
YA, A FHAE S B0 ARG 56 40 7 1%, a3t 25 R 38
bR e 22118, P<0.05 22T A G243 . AHH
ST A FIKT 10°~20° A 7 BL 48 AR R A ol A i A5
BRI RS AR GE TR, 5 B A I AR
XFGETT AT, X 00,100,250 ) K 45°3X 4 4 K4 it
17 W WG TC X £ K656

2.1 PIVHIESH LR

BT HRE X AIGIRZEK . X FPGTVnx,
HI7E 5°.,10°  15° ¥4 {E 52 /N (P<0.05 ) ; CLEE 10° ¥ EH K
(P<0.05). XF0°,10°.25°L4 Kz 45 WHREA TROXT ¢ K6 565
PGTVnx Y HI . CI 2 57 ¥4 Ge 115 5 3L (P<0.05) ; %f
T PGTVnd, HUEAE T A ERCEA —3(P>0.05) . CI
PIEAE 5°~30°5: K (P<0.05) , %F 0°,10°,25°LA K 45°
PIEATHCXT ¢ RG56, 0° 1 10° 1001 45° 22 A i 24
M (P<0.05), HAhfa a2 R 4 it 22 B L3 X F
PTV1 , HI ¥ {H 7E 10° & /)y (P<0.05) ,%f0°,10°,25°
DL R 450 W AT BE XS ¢ Kr 06y, 25 3 G2 X
(P<0.05) . CIFMEFE 10°H K (P<0.05),%f 0°,10°,25°
DK ASeP PR HEA T ECXT ¢ K, 0°FT 10°%F b 22 AT 41t
2R X (P<0.05) , HoAl f BE 22 7 o g it 22 B X X T
PTV2, HI¥{EAE 10/ (P<0.05) , %} 0°,10° ,25°L
A5OTHWEATECXT ¢ G256, 01 10° 10°F11 25°  10° 11 45°
LS G L (P<0.05) , Hifl 25 R g
B, CTHMEAE 101 20°8 K (P<0.05) , % 0°,10°,25°
VIR 45 PP THCX cR 5, Cl 25 38 Seit2a s L
(P<0.05). TEMEEARHER A EER T 30005 , FEIX A HI A1
CILAZB2EMas TR 1,

R1 TEEERBEPTVHIEFESH (v +5)

Tab.1 Dosimetric parameters of planning target volume at different collimator angles (Mean+SD)

THE T A A L
ZH Ffi P
0° 5° 10° 15° 20° 25° 30° 35° 40° 45°
PGTVnx
HI 0.08+0.02 0.07+0.02 0.07+0.02 0.07+0.02 0.08+0.01 0.09+0.02 0.09+0.02 0.10+0.02 0.10+0.02 0.10+£0.02 74.504 0.000
CI 0.76+0.07 0.78+0.07 0.79+0.06 0.78+0.04 0.77+£0.07 0.74+0.06 0.72+0.08 0.70+0.10 0.68+0.12 0.67+0.12 49.799 0.000
PGTVnd
HI 0.06+0.02  0.06+0.02 0.06+0.02 0.06+0.02 0.06+0.02 0.06+0.02 0.06+0.02 0.06+0.02 0.06+0.02 0.06+0.02 523  0.810
CI 0.14+0.07 0.15+£0.07 0.15£0.07 0.15+0.08 0.15+0.08 0.15+0.08 0.15+0.07 0.14+£0.07 0.14+0.07 0.14+0.07 40.60  0.000
PTV1
HI 0.22+0.04 0.22+£0.03 0.21+0.03 0.22+0.04 0.2340.03 0.23+0.04 0.24+0.04 0.24+0.04 0.24+0.04 0.24+0.05 64.53  0.000
CI 0.44+0.11 0.45+0.12 0.47+0.11 0.46+£0.09 0.46+0.09 0.46+0.10 0.45+0.10 0.444+0.10 0.42+0.08 0.43+0.10 17.27 0.045
PTV2
HI 0.36+0.03 0.36+0.03 0.35+0.03 0.36+0.04 0.36+£0.02 0.37+0.04 0.37+£0.04 0.37+£0.04 0.37+0.04 0.37+£0.04 20.28 0.010
CI 0.73+£0.02  0.74+0.03 0.75+£0.03 0.74+0.04 0.75+0.04 0.74+0.04 0.73+£0.04 0.72+0.04 0.70+0.05 0.70+0.05 42.35 0.000

2.2 OARZBFI=LLE
Wi+ HEBELL S HRER D, FE 5°~20°0 3/ N, 7E 252
Jei B B (P<0.05) , %F 0°.10°,25°LL K 45° 5 W EA 7

X K5, B 0°F 10°BEA Geit i S, HAb A B PT
B xF B8 Gt L (P<0.05) o A8 LA R D,
TE15°~25° Y/ I, AEHAN A EE ] R (P<0.05) , % 0°
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10°.25°L4 e 45T PR A THCXS e R 00, B 25° RN 10°0e AT 3 (P>0.05) o MR V,, 7EME ELAS A R 35°HT e/ N,
G P2 S AR RO A S T2 L (P<0.05) THE B A AR R T 200 IR V5, BH S /INT 200 Z i 1Y) £
mn A R S R OGS ) D, LA RT TR BE(P<0.05) , %1 0°.10°,25° L) S 45 P RHEA TRCXT ¢ Kz
Dy ERANTER M E M 22 A K, A B MAEL PIPIETIESEI2EE X (P>0.05) , FE L& 2,

#2 TEEERABEOARFIEFSH (T +5)

Tab.2 Dosimetric parameters of organs—at-risk at different collimator angles (Mean+SD)

52.24+ 53.64+  54.16+
1.44 1.08 1.75

Mz

D,./Gy

max’

ELIES)

D,.../Gy

max’

43.49+ 43.55+ 4346+ 4338+ 4337+
2.07 2.29 2.52 2.78 2.97

23 B-PEZRAZLR ERWHGI2FE L. TEEFEX VeV, 0051 5%
XtF B-P,BR V,, MV Hb, HoA 5] & X 32 BBARF BEARFUEAR, 78 S %) i X V,~Vy,, 10° 5k, TEr A
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7 DX, A T LA BEAE 25° 2 )i, Wil v L A ok —

S HERE 32 BT B, XF 0°.10°.25°L) B2 45°  0.05) . MU 1E 00315 fh e A% , 76 30° % 7 , 45 41 i %)
PO FEA T RCRT ¢ A6 56, 7 i A R X, R 00 100 AT Y BE BB L 6 00,100,250 L) K2 45° 9 W R4 7 it %o ¢
Giibs i 0, HAb M IE MW P LA G2 KK, 001250 0014522 A G243 L (P<0.05) ,
X (P<0.05), FEWFE3, HAl s B 22 R G 248 TR R 3,

2.4 MU k&

#=3 FREERAEEZARANTIEFSH (i)

Tab.3 Dosimetric parameters of normal tissues at different collimator angles (Mean+SD)

10 4131 X A9 ~F- 25 MU 22 52 A G2 it 5 5 L (P<

HEEAS A
S FH PE
0° 5° 10° 15° 20° 25° 30° 35° 40° 45°
49.99+
Vy/% 47.97+5.08 47.82+5.03 48.51+£5.19 49.2+5.12 49.04+5.03 49.11+4.61 49.57+4.63 49.94+4.88 49.82+4.83 516 54.589 0.000
40.21+
V /% 39.75+4.34 39.93£4.12 40.11+4.21 40.26+4.18 40.18+4.30 39.98+3.68 40.51+3.82 40.65+4.15 40.26+3.60 a5 16.713  0.053
34,75+
Vis/% 34.62+3.68 34.57+3.49 34.77+3.37 34.89+3.63 34.83+£3.68 34.88+3.19 35.30+3.22 35.30+3.37 34.98+3.03 35 12.960 0.164
30.55+
V,o/% 29.93+3.02 29.95+£3.00 30.03+£2.88 30.27+3.24 30.13+3.15 30.55+2.86 30.99+3.00 31.03£2.98 30.79+2.90 2 31.724 0.000
26.80+
V,s/% 25.35+2.61 25.45+2.54 25.30+£2.43 25.65+2.95 25.37+2.73 26.15+£2.61 26.83+2.70 26.94+2.64 26.93+2.79 5 88 59.564 0.000
23.08+
V,/% 20.79+2.03 20.93+£2.09 20.47+2.03 21.01£2.55 20.59+2.45 21.59+2.43 22.59+2.36 22.73+2.24 23.08+2.55 A 67.265 0.000
19.06+
Vis/% 16.16+1.41 16.41+1.58 15.87+1.77 16.41£2.17 16.05+2.17 17.06+2.14 18.18+1.99 18.31£1.85 19.07+2.30 6 71.302  0.000
14.38+
V,/% 11.63£1.01 11.81£1.18 11.57£1.40 11.90+1.59 11.66+1.70 12.34+1.55 13.39£1.55 13.52+1.48 14.40+1.78 P 70.931 0.000
9.35+
V,s/%  7.54+£0.58 7.58+0.70  7.50+0.86 7.62£0.90  7.59£1.07 7.93+0.92 8.66+1.09 8.84+1.12 9.47+1.44 137 68.662 0.000
5.12+
Vi/% 4.13:0.40 4.04+0.38 4.03£0.44 4.07+£0.47 4.07+0.55 4.24+0.51 4.67+0.67 4.87£0.73 5.29+0.96 e 68.793  0.000
513.7+
MU 489.0+£37.6 506.4+£35.3 514.3+39.4 517.8+39.5 521.9439.2 526.1+38.4 528.0+38.7 521.0+39.0 509.4+38.9 256 20.080 0.020
yidk 98.25+
/% 98.53+0.93 98.35+0.83 98.40+0.67 98.51+0.74 98.71+0.46 98.38+0.71 98.34+0.89 98.33+0.88 98.26+1.11 e 7.310 0.610
A .

2.5 THRIIE y BT R L E

TEARFIIE EZA R, VMAT 3] y 2 R 7 98%
Db, o B g A A 2000 i R i i . HE T RS
JBEAE 0°~20°0F v 38 i %8 5 T 25°~45°, 1E L3R 3.

331 ig

4P 10 24 AT R A A T AN e
Xt ﬁuﬁﬂ B9 VMAT T30 B4 52 ) |, B 57 45 5 6 B 7E 45°

) EE TR0 B B 2% U B AR TE 20°~45° 2 [H] #EL X (1) 3 5]
PEFE I B LA K OAR AR5 4T,

1 Eclipse ( Varian Medical Systems) i1 &4t ,
HEFE(H FH 10°(350°) F130°(330°) 7 A KB 15 0 T
1) S DUV EL A% AR BE o M ELA A B U2 52 I VMAT %)
JE I — N EE R K, 7 08, B & HLAR W TE R MLC
) i S AT AR TR T o AR v SRR T S
b1l A 2 N €10 o I - L 2 o I MY 1=

if, $ XA CT HIE £ B A 4, 5 0040 L 108 A0 s bt LU%MM&%E%*%IJ TEANR B UE E A8, AT
[ Vo A2 BB IR e 2N 0 45° 52 FedE A, HiAth A5 e HE O 8 S TR Ae A R R s . PR, 7R
T RAS T I R VMATerizIJEPLﬁﬁ;E%/ﬁE%% B 3R AT T 4 (1) 5]

Sandrini %" HF 5 T /’Eﬁ%ﬁﬁlﬁ?iﬂﬂiﬁ e
SBRT &Y7 1 VMAT R 5200 , & BLAE 0°F1 90°RT , i}

S3A [ DX ] R4 1 8 2 40 2 S A O DR
SR, H AT b BT — IR BERE7E VMAT 4] ik
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N e

5 36%:

ATl S T 1 B AR, PR e A TR
TIAS DA 45—~ A3l B VE ELAR A TR BT AR
P 2856 DA S AH S SCHRARAE , [R5 B Xk RN
DA TR B A A LR AT

ABFEHTT 10 DANFIAE ELER A BEXT Sl VMAT
VIR 5 B0 UE A 52, SRR AN [R) T HABIERE , 78
XA 5 2 B OAR W T B AR 245,
IAAIEFE Hpa] LU H AR B A EAE 5°~20° 1Rk
T XL AR AR T 3002 )5, A
AR H . L OAR LA I I, BRIBARAL , 5 0°4H L
INREE (<25°) e v ELAN REREPEARAR T B BE L S AR BR
SFOARZZ It RS ELAS A BRI T IR o DX 3z 1
PRFR, BN T o 300 DX 1 22 AR AR, 76 o LR e e
it 2500, AN R XA 52 BEAR R A S AR K

1833 ArcCheck XN 1RIHEAT T 5= 500k, & 80
A U RS A y(3%/3 mmARIE) it 4T RETA F 98%
DL b 72000, il 1t Rk H] 98.71% , 7R/ NIy
AR AT 200, X — 25 R Kim 25 iF5r 45
SEIARL, b AT Il FH 2 P 5 5 I Matri XX R Ge iE
VMAT 31], Lo B B A% £ B2 X VMAT 130 5] 5
RIS UERYE N . TR A AL o Bl A 1 B A R,
I R K HAE 10°E RN, 2 J5 B G TEs: R
R, 38 5 BN

T A IAYT RS O HER MO T AL2L M AR5
HuC LA o6 B R UDRS B . AEAS ) A7 B 28 AR
FHLALAR R, AR B MLC B47 B DA ALY
SRS AR 202 ARSI y i A FE v
AR — M o o LR AR AR RN )
1R . (HEST T MLC IS [l A BEAR N AR, U
S/ b | R, 6 A R A R R B T — e B

AT 10 451 T, S0 S MR O T R AN [ 108 A B
VMAT i30] () 3240 Ak, % OAR fR47 \B-P 37 4
FRA B BAIE y 38 3 R A%t LU K B, o L2 A P
7 10°~20°0F , BEALHE S ¥E X U ST RGE T , AT RL
PRSP I T B RELL M IRER E BN FEB-P 32
HEFR AR, TP AT R R Pt e i o e A s
A TR R G2 S R [R] A5 25 SR v RE R 58
SRR, AFGE L 5 SCEE AR LRI 57, Re g & I
EEE S AR . [FIR 3l A 53 & B B 25 e 78
VMAT TR R, hie— 2P sh S HE AR e
B AR R PR LR R L

(5% 3CK]
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