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[ Abstract] Objective To investigate the impact of actual gantry angle on the accuracy of intensity-
modulated radiotherapy (IMRT) for nasopharyngeal carcinoma (NPC). Methods A total of 27 patients
with NPC were enrolled in this study. IMRT plans were designed with Pinnacle treatment planning system
(TPS) ,and 8 beams with an interval of 30° (within 0°-360°) were selected for each plan. These plans were
divided into plan A and plan B according to the beam parameters. In plan A ,the minimum sub-field area was
5 em’, the minimum number of sub-field monitor unit (MU) was 5,and the maximum sub-field number was
80;in plan B,the minimum sub-field area was 8 cm’®,the minimum number of sub-field MUs was 8, and the
maximum sub-field number was 60.The gamma passing rate using the criteria of 3%/3 mm and 2%/2 mm at
actual and zero degree gantry angles were calculated using Mapcheck 2 device for dose verification, and were
compared with the paired i-test. The relationship between the above differences (A value) and the beam
angle or the beam parameters was also analyzed. Results In plan A with the criteria of 3%/3 mm, the
beams were significantly different ( P=0. 000-0. 007) except for at angles of 270°,300°,and 300°,and the
mean A value was 0. 90% ;under the criteria of 2%/2 mm,all beams were significantly different ( P=0. 000-
0.019) except for at an angle of 300°,and the mean A value was 2. 72%.In plan B with the criteria of 3%/
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3 mm, the beams showed no significant difference (P=0.052-0. 639) except for at an angle of 300 °,and the
mean A value was 0. 40% ;under the criteria of 2%/2 mm,all beams showed no significant difference ( P>
0.05) except for at angles of 210°,240°,270° ,and 300° ,and the mean A value was 1. 52%.When the plan
B parameters were used, the A value was reduced; the results of two verification methods were more
consistent, so the accuracy was also improved. Conclusions Compared with the validation method at zero
degree gantry angle,the validation method at an actual gantry angle is associated with reduced gamma passing
rate because of some factors such as gravity, which is not significantly related to the beam angle ,but the beam
parameters. In the design of IMRT plans for NPC, the total number of sub-fields should be decreased as far as
possible,and the minimum sub-field area and the minimum number of MU should be increased, so as to
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improve the accuracy of treatment plans.
[ Key words])
intensity modulated radiotherapy

Gantry angle; Plan optimization;  Dose accuracy; Nasopharyngeal neoplasms/

Fund programs Jiangsu Provincial Special Program of Medical Science ( BL2014040) ; Suzhou Science

and Technology Development Program (SS201642,SYSD2015083)

IMRT H 1 2 58k S W09 BT H B AR
HAE ARG I FEREARTT L B P A7 A 2 R OR 1 1
R, AT U E A2 R & 51T 4
AR—F2 T EAEIR YT SER AT IMRT 11X 18
SEFNE AR AT I UE . I IR b R i 4R R0
A BEANIE T ZHLEE A B 7 U Re A B ey T
RGBSR IETT TR, K5 TR
B PG R SR 4 L Bk A
KB IRZE RN H R 20 T N 48 78 AS [RIAILEE A B
R T A5 BRSO i ELAR T Fris g
FEARE I P PR, ASBIF S 3 Ak 6 S IMRT
T TEHLAL AR E V0SB LR A JE b 25 1F T 1Y
UOEEs AT Hegs, R 3 2 0 RS e T s 4 S PR
B AR JE Xt B 550 A S0, e T 1 o 22 531
50 A R RO TR ST R S R RO R BT R
RIS THER ik

RS A*E

1. FEAR AL  BERHE A F] Synergy ELZENN
AT, NE 40 XFEHULTEE RN 1 em B ZHHEE A,
PR 6 MV X 4k, X1 TR ] Pinnacle 07 i1
X & 45 ( Version9. 8, Philips) , DMPO )4k 28 #Y
T Y 3 E A SR H Sun Nuclear 23 H] Mapcheck?2
FIEIE RS, A 1527 A N BREGREEL 5090 X
BR/NH 32 emx26 em , A IR TR 0. 64
mm? LJIBIEE A 7,07 mm,

2 B AR BT R 2015 4-6—9 H 1E
R 89 27 1] SR A, [ Pinnacle 11X 5
St IMRT 114, 88 X AL J5 i PTV, A 70 Gy 43
30 X ,PTV, 2 64~66 Gy 43 30 ¥X,PTV, 4 60 Gy 77
30 K, PTV, 24 54 Gy 43 30 ¥, OAR 7 it FR{E 2 [
FCHE RS . BEATHRILE 0~ 360° LA 30° Ky (] FA L HL 8
AR IR, O R 2 0 1 HGTE AR

BE435120 0°,60° ,90° 180° ,210° ,270° ,300° ,330°;
%52 41k 30°,60°, 120°, 150°, 180° , 240° . 270°
300°, 55 3 ZH°M 0°.30° ,90°  120° ,150° ,210° ,240°
330°, IRITIHRR BT B S8 A PR, A HiRE
/N FEFHEIALS em®, S/ MILERBEEL S MU, K71
%08 80 >3 B A EH /D FEFIEI A 8 em® B/ MILER
Be% 8 MU, Fe K FEFECH 60 4, 3T 54 MAIFIT
XIl,432 PGET

3. 4B AR IR A [ S R . T e
Vel A A MLC 57 B R R v, 8 2R BT
IR SR PRTE YT S RS e, 38 3 B B A e AR R
Y i 527 7 R r i e v v 0 B iR 22, fuilf
WRZETE | mm JE[EIN , TEHRLAOE T X3 4532817
Ty LR RV ST, B A e P 3 1 R A
FEAEHL B (AN 1) o RSB ESF Y BEES SDD
=77.2 cm, 957K FFIZE AT T ) Jie EH 6 o v G
BRI R 2 em FEAOKBOIEE 2, SERHE
DIESTE SDD=77.2 em AbHEAT T 3450 1 A1 268 X6F 5] 1
MIBRAE . FEEAT S8 B 7] it 3 UE AT 1 FH AR UE 20 emx
20 cm B9 EFEERG 300 34T R, HLER Profile HZRAY
FEABEIH A AT 50975 KIS TR («
y ) S KRS i, DABG IR 8] e B AR e 1

1 Mapcheck? il i [ 52 B PR B e M 343k B



- 1184 -

FRAETIU IR 24 2 2017 4F 10 A58 26 %5 10 ] Chin J Radiat Oncol, October 2017, Vol.26, No.10

4. VA BE NS B A BE TR 5

R AR 216 A HEFINT A B SR A B AERT ~y 3l R (%) B HEAR

UE T TR SIE R ERE 3%/3mm bRl " 29/ 2mm bRl o
Synergy MIRESMMBARINAE Bevhyr A momE shmE R H—f SbRAE Ak
S R LBk AL O 98295107 98.13:084 0.16 0223 87.77x250 8697258 0.91 0.074
30°  96.79£1.97 95.88+2.12 0.94 0.003 84.21+3.89 82.48+x3.72 2.05 0.000
ke AR A Y TS I
%%EJB&TLX?/J%%?&&*%%Q 60°  97.93x1.25 96.11x1.67 1.86 0.000 84.87:+3.12 81.93x3.89 3.43 0.000
0° WA s SEPR M BETHI B UEIRFFTT 900 06.0452.16  04.8421.85 217 0.000 $6.49:3.00 81.16£3.35 6.16 0.000
KB TA ST A BB AE 1200 97.73:1.87  96.38+2.18  1.38 0.000 87.00+3.68 82.55+3.52 5.11 0.000
PSR RERRET . LIATFHRI RS 1500 98.14x1.60  96.83x1.41 1.33 0.000 86.71:3.20 83.84x2.88 331 0.000
. R goger sumgr b 1807 98.03x1.05  97.36x0.98 0.68 0.000 88.04x3.05 85.08:3.30 3.36 0.000
‘I’ =
T%E’J;H;\ﬁiﬁ{’ﬁf;/%,iﬂ]"ﬁ 210° 97.91x1.05 97.21x1.07 0.71 0.001 86.94:3.70 84.56=3.80 2.74 0.000
PR AR AFE TG 2400 97014130 07412144 051 0.007 §6.7952.80 85326269 169 0.019
T4t ) & A, K v B % 2700 97142182 96.66+1.86 049 0.132 86.78+2.73  85.14+3.12 1.89 0.005
(3%/3 mm.2%/2 mm ARUE) Jrih  300° 97.37x1.74 97.34x1.56 0.03 0.867 84.89:4.91 84.80£4.95 0.11 0.850
. s . ° 97.41xl. 88212 0.54 0.082 85.03+3.34 83.43x3.36 . )
M IR IE L . LA A= (M- 300 97415153 9688 0.54 0.082 85.03%3.34 83.43:3.36 1.88 0.007
N)/Mx100% 5344~ 57 R FH P ", , "
B S T R 2 R A M 2 BATHRIAE AR SRR A B RERT v 3B ( %) 1 LA
T\ o UE I a5 HY 22 o, 3
o A f S iﬂ_!? T 3%/ 3mm FRifE " 29/ 2mm FiifE b
£ N <Y
AT T YELETS mE opmm s Al H—falE SR Bk
115 3 U8 F R MR Y
N SEER A BERRE Y v AR, A e e T 27 001 0959 8496:274 8472247 028 068
(HENEIAPR T NI IES A% 300 96.67:1.79 96276191 0.04 0.273 83.543.55 83.47+3.44 0.08 0911
I, R ST R BT IR A, 60°  98.17£0.85  98.02+¢1.30 0.15 0.639 86.74x1.61 86.56x1.65 0.21 0.603
KR AHIESAE 7 T e 0 0w e e 135 o
° + + + +
Bl . > N i T T : ) e T : )
WREHIEEIR /I s ]2, A AR i 150° 97.81x1.28 97.48+1.51 0.34 0319 85.61+2.50 84.78+3.78 0.97 0.197
Yo o BT =Yooy 2
WIPIRR T UM B PAT I DL 22 L 1800 08526077 98.0421.19 049 0.058 87.13:2.97 86.09+3.63 1.19 0.093
K SEBRALZEFR FE X IZ ST B AT 2100 98.19x1.12  97.75:1.23  0.45 0.082 87.37£3.01 84.69x4.46 3.07 0.000
TR Ay 240°  98.04x1.51 97.48+0.90 0.57 0.052 87.51:321 84.58x3.62 3.35 0.000
. - 270°  97.99+0.93 97.28+1.46 0.72 0.091 87.24+2.80 85.00£3.59 2.57 0.000
851 )5 . % SPSS 19.
. S'f;iﬁﬁ%‘*iﬁ\s 55 19.0 300° 98.31x1.46 97.55:1.52 0.77 0.009 87.13x3.93 84.41x4.95 3.12 0.000
PAFHATECXIFEA ¢ K2 B, P<0.05 3300 97384158 96.8421.51 055 0.100 83.0542.58 $2.2264.66 1.00 0387

hESAHIFEX,
s R
1. [ 7 2% e R e PEAGI . ] 2 S s ss HF 20 em
x20 cm A7 HF , 7E A5 30° HLAE A H 0 15 A0 1 T
THTET « y Bl 7 18] Profile M2k, B A 1 & il 46 A9 Wy
AR, DARFIR Y 50% 76 4 ST B 5L, 115
HABASS 1 BE 5 0B o Ly Tl o) S 2B 300 5 ) v 2
BIFE 0.1 mm LD, BRI 25 [ 2 5 8 A0 44 2L
AR EE
2 AR RS PR A BRI E S SR R 1
A TR 216 A SHEFIH R A R RS2 B A B B E
MR R, AR EBR R 3%/3 mm FRifEHE
FAEE 5 S PR AR I UE ) OF 3y A R A G R
97. 63%H1 96. 75% , A “F-34{E N 0. 90% , Hirh R 0°
270°.300° . 330° HLZE ff A 0 35 LB AN [R5 R
2%/2 mm ARAERT I A B 5 S BR AR B 5 E A T3
v i i 55k 86.29% Fil 83.94% , A F-HI{H K
2. 72% A BRHLAL A A 0° 3000 7R AR,

2 4 B iR e a5 R R 3%/3 mm ARifEIHE
FARE 5 SEBR A B S0 UE B9 2y o R 4 Bk
97. 82%H1 97. 40% , A “F-¥I{H K 0. 40% , R HLZE fA
300° /M LR IIARIE s SR ] 2%/2 mm ARifEIAZ Ff)
JE 5 5B FE SRR -5 y 38 3 265300 R 86. 21%
1 84.90% , A SF-XI{H A 1. 52% , BRHLEEfA Sl 210°
240° 270° ,300° 44 AHIE . W UL, R A B 4t R =
BT TP AE VA% 5 SEPR A B SR R RS Y
Z5 A R,
1 it

BRI 23k S0 UL AR R 2 — |, T
RS Ry %, B OAR 22 H AR I # IX 45 5 [,
IMRT $ R H | & 28 B S W0 988 1) b5 R 9T
Bt IMRT AR MLC, 3 i FH %% £ 19 7 B
Xof SR 5 B A3 A A T VR, Dk B X ) s T
ST RS AR OAR RO H Y, T



AR TR IR 2 2k 2017 4F 10 46 26 #5510 ] Chin J Radiat Oncol , October 2017, Vol.26, No. 10 - 1185 -

200 7

150 —

100 —

FIBHE (cGy)

ot
=]
|

0
5 10 -5 0 510 15 2]
x BHIEER (cm)
200

~ 150 —

100

FIEME (cGy

o
=]
|

0 T T T T T 7
-15 -10 -5 0 5 10 15

VEEMIBEE (cm)

2 AEHLE AR 20 emx20 cm SHEFAE x (2A) HliFl y
(2B) 77 M profile £k

FARE I #8 IMRT B RIBET B 150 52 it [ B #R
FIREAFAEIR 25 e s IR B 2 2 R ' 5T Rk
A5 RA—2, 5 207 300 B 0N 5 1 #4180
W R, R R YT S X AT ) A 5
Y UF AR IE SR IMRT 284 T 48 (9 B BT
TEYT T i RS T S PR A BE AT A I R ok
ZENE Sy B B AR X R R
GLICTRARINY X e 2 A1 L MLC 1Y E N 53k
ISP IR EE 3 22 ) 1) 22 3], 2 5 i A T TR AT o
FEREBR R W A B I — 3] 00l & T ik
UERYT L5 (L35 in s 2% 1 22 o B8 ) 76 A R HIL
WA IR E BB R EE R BA X
kAR AE 38 % IMRT 130 F Mapcheck #£47 51 B
FAEIAZE N Deltad HE1T 5T 57 SC B A B2 19 50 UF HE 4 7
P, M PR G IE 25 R 22 5 A Gt e =
T TR AR AR HE A T X A O S 6 4
T E SRR H R R 2 A B A B e A
250, A Deltad S0UF K2R DL T ST RTINS I8 2532
FNAITIR B, WA R EPID #4770 & 50 ik 1Y
GBS 0 EPID SZ4F 26 0 % I S IR R 5
MR FEFEIVEF T ooy 507 7 — B R 75 A
1E, MapCheck?2 J&5r—1 0/ 42 SRR B A 7
M TG PR R AR EA A R Ay
PR, TR SRR R T LB A B B AT
IMRT {4 5] £ 58 300 A BF 5% 38 oo [ %2 B 1

3 180 ®

B3 AIEMLEE A RE VA 220 S R A BE SR TESS SR A 43 AT & (3A 3B
h A WIS IR 3%/3 mm 2%/2 mm FRifE;3C.3D 4 B 1R
IY SR 3%/3 mm 2%/2 mm FrifE)

MapCheck2 [ E7ENIE ALK L, SRR I 2R 5L bR
1 REGT Ao o v PR R o T R Ty 4% T L TP
S50, HAENIA R R rh A B 25 /N Fae Mar



- 1186 - AT iR

~Z5 2017 4F 10 H 26 26 #5255 10 ] Chin J Radiat Oncol , October 2017, Vol.26,No.10

IMRT F312R HIE A LEE A 2 RS BRAILAEf B P Rh 7
RS R 22 57 KN R T S BRATLAR Ff 3 X6 Jin
TP TIRY TR ERRPE A R A AR

AWFFR R Wow , 7E S IMRT LAY I
RIRGI RN AE S AR E A B o BT
TEVA R £ B2 50 UE I 09 -y 380 ) 38 25 8y T S B £ 2
TESE R, X Sl s R s g ie— 8, S
B E /N TR S em?, B/ MILESBEEL 5 MU,
R TEFEL 80 AN 2514 T DL Ak i iRl 45 SR v R
3%/3 mm Fll 2% /2 mm FrUER RN 7 0 Sk 45
A3 AHZE 0. 90% Fll 2. 72% , 1 H. b i 22 5l 7 Kk 250
PR EA G2 3 5 3% R W 0] 569 P 7 S B
PLEE A BEPHA TS 1) y 3 3 2R 5 KR B A e, %o
THRIBRAT (0 TR B2 52 00 95 5 4 39 BF 2 08 o Oy i
INFEFIRIFL 8 em?, T/ LAFBEEL 8 MU, fio K FHF 4K
60 M, 2R H 3%/3 mm A 2%/2 mm BRI F RO
RIGUELE S AI2E 0. 40% 1 1. 52% , 11 HaxX Fh 2% 5
TERZHHUEA BE TG A 5 X R SEBRHLAR A
RO NS R R A Y WA NS W ATl s e 2B |
WG TR PR T HERR B B, Azimi 260 g
HIMRT B4 K A MLC T £ 4757, 76 7 B 80
Z JHRE /N ST A RFEAE M, AR
RN AEPITAS [R5 B S 5005 8 iR, O
ANFEAE SO 5 A B 1 2 O 25— ELAR i l# HRAIK
MG, IXATHE 5 a8 76 SEPRALEE F B R S ) oy
ZRMNHERKZ bR T 280 ) B B iR
ZF| MLC MR B0 58 P R R G S
— A 5 A BTG R R

S IR AR TE 5L PRALAE A BE BRE ) MLC /8
NS RG22 AR 22 50 25 a7 )
PATHERG B R 2, X R i /N 5 5 BT AR
JiE 22 18] TG b AF D& AH 5 R it ) S B 5 S 4
AR, FEREE R IGRZER B mT 4 T, R8T
THR ST ECE | 38R 5 /N T8 T AR St /MR A,
BEAR LIPS 2 1 SR R B A R 8 v o
FESERR A R 5 0 A R AR AT R WA
JE Ul SEBRAILZE A BE RS B AT 2 e 4 SR YT
TR T R R B

(2]

(3]

[4]

(5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

2 % x #t

Klein EE, Hanley J, Bayouth J, et al. Task Group 142 report:
quality assurance of medical accelerators [ J].Med Phys,2009,36
(9) :4197-4212.D01:10.1118/1.3190392.

Bai S, Li GJ, Wang MJ, et al. Effect of MLC leaf position,
collimator rotation angle, and gantry rotation angle errors on
intensity-modulated  radiotherapy  plans for nasopharyngeal
carcinoma [ J].Med Dosim,2013,38(2) :143-147.D01:10.1016/
j.meddos.2012.10.002.

Nelms BE, Zhen HM, Tomé WA. Per-beam, planar IMRT QA
passing rates do not predict clinically relevant patient dose errors
[J].Med Phys, 2011, 38 (2): 1037-1044. DOI. 10. 1118/1.
3544657.

LoSasso T. IMRT delivery performance with a varian multileaf
collimator [ J].Int J Radiat Oncol Biol Phys,2008,71(1 Suppl) :
$85-S88.D0I;10.1016/].ijrobp.2007.06.082.
Kam MKM, Chau RMC, Suen J, et al.
radiotherapy in nasopharyngeal carcinoma: dosimetric advantage

Intensity-modulated

over conventional plans and feasibility of dose escalation [ J].Int J
Radiat Oncol Biol Phys, 2003, 56 (1) :145-157.DOI: 10.1016/
S0360-3016(03)00075-0.

RS BN BRSEHT , 4. T S AT A% 50 7 TR R
SR T A BRI RH [J]. P AR B S S B A 2
#%,2011, 31 (3): 359-362. DOI: 10. 3760/ cma. j. issn. 0254-
5098.2011.03.030.

Li QL,Deng XW, Chen LX, et al. The application of a 2D diode
array in verifying the composite dose distribution of intensity
modulated radiation therapy [ J].Chin J Radiol Med Prot,2011,31
(3) :359-362.D01;:10.3760/ cma.j.issn.0254-5098. 2011.03.030.
akAF, I BB, 55 Deltad MY PRI FHOFZE [ 1], sR AR il
AR, 2010, 19 (1) : 48-51.DOL; 10.3760/ cma. j. issn. 1004-
4221.2010.01.017.

Zhang W,Ma Z,Shao P et al. Clinical application of Deltad []].
Chin J Radiat Oncol,2010,19( 1) :48-51.DOI: 10.3760/ cma. J.
issn.1004-4221.2010.01.017.

Monti AF, Berlusconi C, Gelosa S. Gantry angle dependence in
IMRT pre-treatment patient-specific quality controls [ J]. Phys
Med,2013,29(2) :204-207.DOI:10.1016/j.ejmp.2012.01.002.
A, Marrazzo L, et al. An
intercomparison between film dosimetry and diode matrix for IMRT
quality assurance [ J].Med Phys,2007,34(4) ;1372-1379.DOI,
10.1118/1.2713426.

Jursinic PA ,Nelms BE.A 2-D diode array and analysis software for
verification of intensity modulated radiation therapy delivery [J].
Med Phys,2003,30(5) :870-879.D01:10.1118/1.1567831.

W AR, /R, 2 MatiXX PRI IMRT 71 B 3630F J7 i (9
PR AT [ 7). rp A0S B R 2 2 75, 2013, 22 (4) : 312-314.
DOI;10.3760/cma.j.issn.1004-4221.2013.04.014.

Dai Y, Hu CH, Li XD, et al. Analyse two kinds of intensity-
modulated radiotherapy verification methods comparatively by using
the MatriXX [J]. Chin J Radiat Oncol, 2013,22 (4 ) :312-314.
DOI:10.3760/ cma.j.issn.1004-4221.2013.04.014.

Azimi R, Alaei P, Higgins P.The effect of small field output factor
measurements on IMRT dosimetry [ J].Med Phys,2012,39(8) .
4691-4694.D01:10.1118/1.4736527.

(Whs H 3 :2016-11-04)

Buonamici FB, Compagnucci





