H33E HEs oL 2R (B2 B i) Vol.33  No.5
20124E 9 A JOURNAL OF SUN YAT-SEN UNIVERSITY (MEDICAL SCIENCES) Sep 2012

AL
WEHIFREIE AR CT WF5E i 2 B PR BC Ry y B 22

FCE, PN o, AR g, JrEEEE Y, BROAR Y, MeEAE?, fRIRTEY, B R -
(1. H L AR B 36 v/ /4 B R 27 [ 5 B S8 == i AT R 4R 1IN 5100605 2. H Ll KA S T A= 22 B¢
IZ5 779N 510080)

& E. [HM] NAHHIE R CT(CBCT) 5T & M5 25 BUIUE 58 MU B YT (VMAT) 43 IR RURT 430K N I 1% 22, A il
VI REE DX (CTV) ST RIFE X (PTV) 3 SR . [J51:] T 2010 4F 10 J % 2012 4F 1 3L 17 fBilH52 VMAT {697 (19 5
NI 95 AR TR B AN AR L T A FR 3 0 0 0 FR AR S BB 2 DB S5 (RS B 2 mm) B3 AT Y 54T CBCT 95
T8I CT CIE , $FICAR V8] B 3 R N AR AR 22 L B3 Moy = 2.55 + 0.70 (Mpry: PTV 31 54, 3. RBIR2E o BEHLIR 22 ) &
My [Z55) #4571 AR A IE BT B IEJ5 A0 P A 246 X 44912 22 (mm) 2050 1.1 ~ 1.2.0.6 ~ 0.7 F1 0.4 ~ 0.6, M1
S H09~13.04~05F02~04,0K0.7~0.9.0.7F10.5~0.7, ZFKIEFIZR N =4E(3D) (i 4% I ]2 W88 BoA
Gt 225 (P =0.004,0.009) , 481X 4577 0] B A Mo (BLFE 2 IE FTRI IR N2 22) 0 3.4 ~ 4.0 mm, 2 IE G L A (U d& 2 E e
FIFRNERZE ) 1.7 ~ 2.3 mm,, [Z538] ShAR9E VMAT B i1l i H i B R A VMAT JRSSEARAEIE W) My, 07 IR 22 BT IR
I 7 IR B 2R T

SRR MR SR 2 S R AR 2 s THRAE DX B s AR R YT

hE 422 . R73 TERARERD: A X EHS:1672-3554(2012)05-0678-05

Analysis of Inter-fraction and Intra-fraction Setup Error of Nasopharyngeal Carcinoma
Patients Treated with Volumetric Modulated Arc Therapy (VMAT ) with Cone Beam CT

YIN Wen-jing', SUN Ying', CHI Feng', FANG Jian-lan', GUO Rui', LIN Ai-hua?, QI Zhen-yu', MA Jun'*
(1.State Key Laboratory of Oncology in Southern China//Department of Radiation Oncology, Cancer Center, Sun Yat-sen University,
Guangzhou 510060 ; 2. School of Public Health, Sun Yat-sen University, Guangzhou 510060, China)

Abstract: [Objective] To evaluate the inter-fraction and intra-fraction setup error during the treatment with cone beam computer
tomography (CBCT) and provide theoretical basis for clinical target volume-planning target volume (CTV-PTV) margins for
nasopharyngeal carcinoma patients treated with volumetric-modulated arc therapy (VMAT). [Methods] Seventeen consecutive NPC
patients treated with VMAT were prospectively enrolled for the study between October 2010 and January 2012. For each patient, three
CBCT scans were obtained after conventional positioning, online correction with 2 mm tolerance daily and VMAT delivery weekly, and
the scans were registered to the planning CT to determine inter-fraction and intra-fraction errors. The My were calculated with the
recipe, Vi = 2.5% + 0.70 (X, systematic error; o, random error). [Results] The average absolute errors of the pre-correction,
post-correction, and intra-fraction error were 1.1-1.2 mm, 0.6-0.7 mm and 0.4-0.6 mm in the three dimensions. The corresponding
3 were 0.9-1.3 mm, 0.4-0.5 mm and 0.2-0.4 mm, o were 0.7-0.9 mm, 0.7 mm and 0.5-0.7 mm. Gradual increases in both inter-
fraction and intra-fraction three-dimensional (3D) displacement were observed with time and treatment (P = 0.004, P = 0.009). The
total My, accounting for pre-correction and intra-fraction error were 3.4-4.0 mm and margins accounting for post-correction and intra-
fraction error were 1.7-2.3 mm. [ Conclusions] VMAT irradiation technology personalized My should be adopted for the design of
VMAT plan. Displacement increased as a function of time.

Key words: cone-beam computed tomography; setup error; planning target volume; nasopharyngeal carcinoma; volumetric
modulated arc therapy
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470 Gy, PTV1 (L4116 IR 55 f5 X)) 24 60 Gy, PTV2
(LA I PRAVG & DR 250358 95 B B3 1X) S 56 Gy, R

FH RS s 4 f W07, 43 HIRECH 33 Ik, B R
B 5 W . VMAT ¢ >R H BE B} ik 2 |l 1Y
PreciseBeam VMAT® i 2§ . IL/1V W5 A X852
DI A etk (%) TR 93407
1.3 XVI B3k B, ILg

XVI E G 1 3K B F B R ik 28 /) 1) T 1k 9%
CBCT R4, FHRMIRESE LA B4
&R 100° ~ 260°, LR HL A 100 kV/10 mA , S20
HEEL B8, 10 At kR , 3L 361 WilA% . 57 H IR
PG4T CBCT H4 , 24T — 7 1 FFZ iR 2 > 2 mm,
M7 AFELR AU IE | 2] 1E )5 34T CBCT 4, AEJA
FAT WY J5 CBCT H%, #2712 254 CBCT 5
T CT BRSO SSFE 24T (medial-lateral
ML) . 3k F& (superior —inferior, SI) .l J5 (anterior—
posterior, AP)J5 ] ()7 3412 22 K 4% ML (pitch) . SI
(toll) (AP (yaw) J5 Inl (e 12 2% . EIRVC T i R
Ik XVIEAPE A shi Ve ECRE P 5 i, R AL L
DX ol A 4 ifra | ] PRl A 2 R BN S AR
1.4 BURENHERILFITHE

3 C SRR A ETT . AL FR T R
ML SI #l AP Jy [a] V-6 et 1 22 420 2] 1E Hif
(A58 22 A TROIT A3 IR B R 25 5 467 2 1F Ji5 A i 22 )
RFRATIRZE ; JRIT AT S A IR G iR 22 (E
Z2ERTIT 5 IRINEAL

THE S X R 22 B A bR 2% 5 TR =4k
PR AE O (F=N/ X+ Y+ 22 | FARE =i M8, X
R ML 7 [r IR 2E(E, Y 1036 ST 7 A AR 251,
Z 3R AP I I IR 2EME) . TR T A e AP 1R
220 BIE R GER2E (AR N T2 22 W bR o
722 3) BEMLR 2E (T A R AFRifE2Z I TR o) |
B RGIRZE (3 5=V e+ e ) T B
LR (0 4=V sy spien ) o 7208 Van Herk!”
) My HEAR (Myy = 2.5340. 70 F3E 2 /D
90%3% N34T 95% 1 ik 77 i ) TR 25 2 IE R
AIESG PN FILER) My B AT E NS TClied:
REBALN AR AR,
1.5 SitFEHE

K SPSS 16.0 F AT 4 itortr . BANRTT
IF PRI A5 532 = AN B (AT 11 % 11 IR S 11 IR
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Table 1 Absolute error of pre—, post—correction and
intra—fraction error for patients with nasopharyngeal

carcinoma (x£s)

Pre-correction error  Post-correction error Intra—fraction error

ML/mm 1.1+1.0 0.6+0.5 04+03
SI/mm 12+0.9 0.7+0.6 0.6+0.4
AP/mm 1.1£09 0.7+0.5 05+06
pitch /(°) 09+0.7 0.9+0.6 04+04
roll /(°) 1.1+0.8 1.1+0.8 0403
Yaw/(°) 0.7+0.6 0.7+0.6 03+02

ML: medial-lateral; SI:

superior—inferior; AP: anterior—

posterior; SD: standard deviation of absolute error. n = 17.

Tef o (P AES M 0.051 F10.078) 5 43 YK 8] il
SFIRN =N R B WG i B A geit e 2R (P =
0.004,P=0.009), 4n[&l 1, 2K H LSD J5ikxf =4Efi
FAEATALI g, 25 R WoR 5 11 YOO B9 43Uk [R]
YIRS (2.5 mm) = TET 1L IRBOTRIN S (2.2
mm) , 22 5 A G2 5 (P =0.001); 5 11 KK
7970 RN = 4O A5 E (1.2 mm) IR THT 113K
(0.8 mm, P =0.01), 4577 ] [ g &% 15 22 BE TR 7 I
() TG B b AR Akt e
2.3 ZIERIAHIEFFDRA Mery

AIE G My B RART A IERT My 0K
Mpry TMETF A IERT Mpry, TEILER 3 S My (B4
2Y IE R AR R N 1R 22 ) 76 ML SI A1 AP J7 8] K 4.0
mm 3.4 mm F1 3.4 mm;CBCT fE£L 4 iF )5, H/H
(IR IE AR NTRZE ) BRIEA 1.7 mm 2.3
mm 1 2.2 mm,

x2 BFHEELYEREMSRARENSHHER

Table 2 The distribution of the pre—, post—correction and intra—fraction error in each dimension

Transitional Pre—correction Post—correction Intra—fraction

error/ mm ML Sl AP ML Sl AP ML Sl AP
Xt -02+15 -09+12 08«12 00+x0.7 -04+£08 03+x08 0.1+£05 -02+£0.7 -03=x0.7
Range -52~50 -48~20 -29~42 -20~18 -20~20 -19~20 -15~21 -24-~18 -28~0.7
3o 1.3,0.9 0.9,0.9 1.0,0.7 0.4,0.7 0.5,0.7 0.5,0.7 0.2,0.5 0.4,0.7 0.4,0.7
Rotational Pre—correction Post—correction Intra—fraction

error/ (°) pitch roll yaw pitch roll yaw pitch roll yaw
Xts -0.7+08 -0.1+14 -02+09 -07+08 -0.1x13 -0.1+09 -01+05 0.1+05 0.0+04
Range -35~21 -44~29 -40~28 -30~18 -3.0~29 -30~27 -28~14 -12~15 -15~09
3o 0.7,0.6 0.9,1.1 0.7,0.7 0.7,0.6 09,10 0.6,0.7 0.2,0.5 0.2,0.5 0.2,0.4

ML: medial-lateral ; SI: superior—inferior; AP: anterior—posterior; SD: standard deviation; ¥ systematic error; o: random error
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Fig.1 Inter—fraction and intra—fraction three
dimensional setup variation as a function of time

Error bars represent one standard deviation
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Table 3 The M,y in each transitional direction

ML/mm SI/mm AP/mm

Pre—correction 3.8 3.0 3.0
Post—correction 1.4 1.8 1.6
Intrafraction 0.9 1.5 1.5
Total without CBCT correction 4.0 34 34
Total with CBCT correction 1.7 2.3 2.2

ML: medial —lateral; SI: superior —inferior; AP: anterior —

posterior
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