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A ol HA&o| HeT] Hit Al 4= QIth? olggt o]
FE ] A9 PAMAeE Al 2-5709] H] Y | B
AF-8-35t Non—Coplanar Volumetric modulated Arc
therapy(NC-VMAT)S %2 AFE-31T1 QJckO0
NC-VMATY] Y] 7‘41/] WAL Al A& A IGRT
}= 2poA] Set—up L & 213 9 A5 wAF}W
Al H] FU W 2AF S 2AFSE] 918l couch
H 2= 2 S1sHA| Flok oluf couch7} 217%E £
A% OBI(On Board Image)& 83t Cone
AAre} ©&29(Cone Beam Computed—
Tomography, CBCT)9] Algjo] 5240 & & 7}5o}
7] wjof| couch 3JAof W2 Set—up L= A& Al vp
2 A% 2 BAsR Folt) 2B At b A9 HRpAS
%9] H] 59W & A] couch 39 w2 Set—up 2.}
of tiet AAIAE Yol 1A} gk}, ot Al sh4 2}
o] 3§7}& ‘&3l couch 3K 2 2= 4] F7HAQ1
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1. CT simulation

AA A= R} FARE 20& THE7] f1ste] QA
23 Phantom(Alderson Rando Phantom, USA)S A}
Shietk QIA|EE Phantom®] | F-9jof] 7] 4
FAsP7] 9fell | er(Cerrobend, 9.64g/cm)2 A2
SFolrHFig. 1), AR ' T 585 IA1E Phantom
9] ¥ 4] 9 hole Fol] YIX|AIZ]AL AA] = 9] PAR
4 Al ARGSHE 117 8191 Customized—Styrofoam
I} Thermoplastic maskE A}J‘lﬁ}oﬂgﬂi(Fig_ 2), CT
13 7re. A0 R AR T

o o

Simulation< 3%

S APs1gIcHTable, 1) (Fig.3).

2 Simulation

2. Treatment planning and dose evaluation

A48 X7 AES 1A 2F Phantom®] hole ¢

A4t ¥ markerS GTV(Gross Target Volume)® A
aiiet. GTVol| A A 24Gy= Akt A A
Zoll 4 95% olifo] GTVol XEJEEE 519 om o
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©
Fig. 1. (@)GTV tumor lead marker(Cerrobend, 9.64g/ct ) (b)
Alderson Rando Phantom inserting lead marker (c) Alder—
son Rando Phantom

Fig. 2. Thermoplastic mask and Customized Styrofoam

Table 1. CT Simulation
Kvp mAs | Slice thickness(mm) | Scan range (cm)
120 350 1.25 +20~-25
Table 2. Treatment planning scenario
Plan_ Total Non coplanar Eonch sl
scenario | Arc No. Arc No.
1 4 0 0°,0°,0°,0°
2 4 1 0°,0°,0° 90°
3 4 2 0°,0° 30°, 330°
4 4 3 0°,90°, 45°, 315°




Ula €3¢0 A ol &

Fig. 3. CT Simulator (Discovery CT 590 RT, GE, USA)

Wk X2 Al¥(Inverse treatment plan)< A|%Ys}o]
VMAT(Volumetric Modulated Arc Therapy) 7|52
= A=A, 60MVE AHESHAAL 4709 Arc beam A
g31o] U Beamo] couchE 374171 Non coplanar
beam< F71513{t}. CouchE A A= AlgE 3% 2

€} ZtK(Table. 2) (Fig4). 2 A2 A2 Alu]2.0] A=

(a) Plan scenariol

B00,0 cGy

(c) Plan scenario3

Fig. 4. Treatment planning scenario

A4} 9] A GE ol A Couch 270l w2 VMATS] Ak H=/d 37t

37}F= GTV W Dogws, Doyes, Dosy 7 st A Bl LS 9]
3l AFRH £ % (Conformity Index, Cl)+= th2 417}
2ok (A ).

TV 2
o= TVXPIV (41

TV(Target Volume)2 A& F 99 &34,
PIV(Prescription isodose volume)2- AR Ao

Ak &4 TVev(Volume of the target covered

PIV)= X2 591§ A o] 5 A §-o]
TR SAL ofmIgiTh 28w ghe 07 19] Afe] 3hE 7}

3. Statistical analysis

SAREA o= FAREAZZ IS IBM SPSS Statis—
tics Ver, 25 (IBM, USA)E AH83H9Ith. WA £419] &
ZAA(Equality of Variances)& 7743}7] $I5}¢] Levene’

s testE x, y, z = ko 2 Adslie), 183l Couch

(d) Plan scenario4
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3ol whE ol Bkl %Q?}} Zpol7} Qx| A
Hjx] EAMEA(ANOVA)S AlP3slal AR EA 0 ==

LSD(Least Squares Distance) 1—4"6‘ H

4. Treatment imaging system

BT PAMAA = AHl= AP7157] Novalis TX
(Varian, USA)9] #&+=]o] Q1= Exactrac system(Brain
Lab, USA)Z} On—Board Imager (Varian, USA)E ©]&
3} CBCT system AX|& A2-5}39t}, Exactrac system-=
reference staro]] 22 markerE A4 7hd|g}2 Q14
sto] 2 FA] vigho]] HLAkE 27]9] X-ray tubeol|A] HAYSH
source ZHE] AApof] K2 2749 kv X-ray detector
oflA] ou|2E FE3ITH(Fig.5). HiEol Ax]H X-ray 4
Hofl oJsff Aof7l kv Gt oA E A4 G/ (Digital
Reconstruction Radiography, DRR)= H]W3}al Set—
up 22} gh2 BARSITE o= couch7} &gt Aeoll A
P 25 2 5 W wo] 7hssith 2 A Al
7o) couch isocenter calibrations ©]-&38}0] Exactrac

6D couch F£A1=E w4392, In room beam laser

calibration& A|&slo] 28 o ADEE AZs1Y

T} T3k Winston Lutz QA E3l isocenter?] &AL

Fig. 5. Novalis Tx (Varian, USA) (a) Exact X-ray
detector(Brain Lab, USA) (b) Exact X—ray source(Brain Lab,
USA) () On—Board Imager(Varian, USA) (d) Reference star
to use Exact system(Brain Lab, USA)
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5. Image correction procedure

914 & Phantom< A%7145719] couch®l setup &
Exactracs ©]-8sto] AAF Ast W couchS o]=3sfo] A
A AFaL(Fig, 6) CBCTE o83} thA] $HH target®] A
sak 912 AL Slallct, ol F AR A7 Aol A
A couch A ZFO =2 couchE 3439t = Exactrac
system= ©|-8510 F4 A3 & couch ©o5 T2 Set—
up 22} gt 574skSick(Fig, 7). ZF Alvke] enfet 5dgt
W0 = 10814 2t

=l

1. Couch rotationdf| 2 XF Y £, Z £2| Set-up
QX gt
£ 9 XE2 lateral, Y =2 longitudinal W3, Z =
L vertical2 AoJ5tE X= WA 7] HHS couch
7} 30° 45°, 60°, 90°% 33599 Al 7+ 0.29 mm, 0.26
mm, 0,51 mm, 0.08 mm& A=} Y % ol 32
S couch?} 30°, 45°, 60°, 90°2 3|A5IAS Al Z+
075 mm, 0,5 mm, 0.35 mm, 0.29 mm& =4=|¢it} Z

Z o) ko] M-S couch”} 30°, 45°, 60°, 90°= 3] A5}
A& A 2405, 028 mm, 0,22 mm, 0.1 mmO & Z7%]
9t} CouchZ 30°, 45°, 90°2 3HBIAS A Y = o

C
ZF 50 71075 mm, 0.5 mm, 029 mmO & X&, 7 %

Fig. 6. Position of the Rando phantom on the treatment
table
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Phantom target

Imagé matchihg ~ Couchrotation Image matchmg
90 (Exact+CBCT ; ; : ; (Exact)
0°  Bcouen - - Couch correction

Fig. 7. Imaging workflow. (Step1) Image matching was performed by moving the couch using the Exact system. Then the
correction of the target was confirmed once again using CBCT system. (Step2) After rotating the couch with the couch rota—
tion value set in the treatment plan(initial plan), (Step3) image matching was performed using the Exact system.

off Bl Al ZA YeRger Couch?t 60° 21735k%e 4w} 0.69 mm, couch 90° ¥ w} 0.33 mmE.= 57+

A= X5 oF g 8we] 052 mmE Y &, ZZo| Hg) Al oW couch A=} ARSE 334 WFS 1T Set—
4 2A ebdT =3 Couch angleo] #AE5 tiAlz up 23} g1o] Fat-2 G4ttt (Table, 4).

X, y, 2z 9] o5 gt o] 7HAsint, (Table. 3) (Fig. 8).
3, M2k st Ant

2. Couch rotation0f| [}Z 3XHH Set—up LAt 2 1-NC VMATE] A% H% 493+ (& A 2(initial
Couch 30°% o] 32H1 W= 21243k Set—up 4+ g plan)®] GTVE] 2|4 A& 23.92Gy, Set—up 24 Fh=
9] HH#S 1 mm, couch 45°Q ©w] 0.72 mm, couch 60° 2235t A& A ¥ (Rot—plan)S 23.89Gy R 0,1%THE 2}o]

Table 3. Rotational setup errors for three axes

[Unit: mm]
AXis Rotafi?):cgngle Mean SD Min Max p—-value
30° 0.2900 0.20694 0.00 0.58 -
X 45° 0.2630 0.20331 0.01 0.50 0.712
(Lateral) 60° 0.5150 0.12322 0.32 0.69 0.004
90° 0.0790 0.07637 0.01 0.24 0.006
30° 0.7500 0.27236 0.00 0.91 -
v 45° 0.4960 0.28745 0.02 0.86 0.010
(Longitudinal) 60° 0.3510 0.11474 0.15 0.56 0.000
90° 0.2930 0.05638 0.18 0.37 0.000
30° 0.4960 0.29860 0.07 0.92 -
7 45° 0.2770 0.26945 0.03 0.87 0.025
(Vertical) 60° 0.2240 0.10987 0.07 0.41 0.006
90° 0.1020 0.04638 0.02 0.15 0.000
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shift error(mm)
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Couch rotating angle
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Fig. 8. The boxplot of the dosimetric parameters, (a) X

Table 4. 3D Set- up errors for couch rotation angles

[Unit: mm]
Couch Set up error values
Rotation

angle Mean Min Max

30° 1.00 0.31 1.33

45° 0.72 0.36 1.06

60° 0.69 0.59 0.76

90° 0.33 0.24 0.40
7} 2SI AT], 2-NC VMATS] 7-%- initial plan®] GTVE]
F 4 AgF2 23 82Gy, Rot—plan 22 6Gy= 5 4% 2}
o]7} WS 3—NC VMATS] -9 initial plan®] GTV
o] A4 Aek2 23 88Gy, Rot—plan 23 01Gy= 3.8%%F
 Apol7h AREIYIL), 1-NC VMAT®] 3¢ GTV W Al
E32 L D99 A] initial plan TiH] 0.1% A A4S HY

g

9791 41= 0.3%2] AlEF 7HAE B9 om D95 A=
& s FRIsHITE 2-NC VMATS] ¢ GTV
B D99 A initial plan THH] 3.1% A& 74
oMz 2.2%2] A A4S H9.0m D95l
Fa 3H2 &RI8kT 3-NC VMATS] 7
H32= D99 A initial plan ThH] 1.9% A1
HW DI7OA = 1% A=F 4E B3oH
D950l A= 1.4% A5 74 2 221st9irh(Fig, 9). 1-NC
VMAT2] GTVE] Cl(Conformity Index)+= 0,80]H 2—NC
VMATE 079, 3-NC VMAT= 0.75¢]t}. (Table, 5).
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Table 5. Dose comparison between NC-VMAT plan(Initial plan) and NC-VMAT plan involving rotational set-up

error(Rot—plan)

Plan scenario Min(Gy) D99(Gy) D97(Gy) D95(Gy) Cl

1-NC VMAT Initial plan 23.92 24,12 24.28 24.43 0.81
Rot—plan 23.89 241 2421 2434 0.80

Difference(%) -0.1% -0.1% -0.3% -0.4% -1.2%
2-NC VMAT Initial plan 23.82 24.11 24,33 2444 0.89
Rot—plan 22.6 23.38 2381 24,17 0.79

Difference(%) -5.4% -3.1% -2.2% -1.1% -2.6%
3—NC VMAT Initial plan 23.88 24,16 24.56 24 88 0.77
Rot—plan 2301 2371 2432 24,53 0.75

Difference(%) —3.8% —1.9% -1.0% —1.4% -2.7%
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Fig. 9. (a) Dose Volume Histogram(DVH) of the initial plan
and 1-NC-VMAT (b) DVH of the initial plan and 2—-NC-
VMAT (c) DVH of the initial plan and 3-NC-VMAT
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Evaluation of VMAT Dose Accuracy According to Couch
Rotation in Stereotactic Radiation Surgery of Metastatic
Brain Cancer

7

Dept. of Radiation Oncology, Samsung Medical Center

Na Gwui Geum, Park Byoung Suk, Cha Woo Jung, Park Yong Chul

Purpose: To purpose of this study is to find the correlation of the Set-up error according to the couch rotation
and suggest additional margin setting for the GTV.

Target and Method: Each scenario treatment plan was created by making the frequency of non-coplanar beams
different among all beams. The set-up error value was measured by using the Exact System and the dose accu-
racy was evaluated by creating a re-treatment plan.

Results: When the couch was rotated by 30°, 45°, 60°, and 90°, the mean of the X-axis values was measured to
be 0.29 mm, 0.26 mm, 0.51 mm, and 0.08 mm, respectively. The mean of the Y-axis values was measured to be
0.75 mm, 0.5mm, 0.35 mm, and 0.29 mm, respectively. The mean of the Z-axis values was measured to be 0.5
mm, 0.28 mm, 0.22 mm, and 0.1 mm, respectively. There were dose reductions of 0.1%, 3.1%, 1.9% in D99 for
1-NC VMAT, 2-NC VMAT, and 3-NC VMAT, respectively.

Conclusion: When treating with 50% or more of non-coplanar beams among total beams, image verification is
required. And it is considered to make the treatment plan by adding a 1.5 mm margin to the GTV.

» Key words: NC-VMAT, SRS, Couch rotation
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