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CHA 2 HH: PANS &S MRt SIX} 10HS LA 2 SIICE Eclipse(version 13.7) RIZAIE A|AH!
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: CVI HH A2 45°0l PTV-45 0.985+0.004, PTV-55 0.998+0.003, HI 2t 45°0ilA PTV-
.140£0.074, PTV-55 1.031£0.0742 10f| 7H 7M7h2 242 Bt 2F &7|= 10°24H
20| V206,0| 9.66%, HE Q| Bt 4281} V300] 1.88%, 2.16% HASHACE X|= Al=lnh A
12242| X0l= 0.3% O|LHZ 25 SHELRIHS] Lol SOIRCE X XMl X2 218t H
HeH2E2 in 3mm 0SA| Z|cH MZk0| 10°, 20°, 30°, 45°0llA 14.56%, 9.88%, 8.03%, 7.05%2 &7t5
IIH, out 3mm O|SA| Z|A MZE2 10°, 20°, 30°, 45°01|A] 13.18%, 10.91%, 8.42%, 4.53%= LA

2 PTVe CVIL H H Z2H 235 HollM Z2|H|0|E] A=7t B7IEeE HIHe 2 I E +XIS
%‘Eh TRl Btxt XM &} G2 27t AHZEE 1 X0[7F S01S0{ 2K} XiM| 2Xlof| T
Ol HE Jiidsk=d =20] & Aol2) dzbetth 22Mo = Z2|H|0/H 2=E= CHSAIE S VMA
2 7=o| A & R Mol FEE & 4 Us UXIAS AURst X|ZAIE Al S2(H(0[E 2= AFof Al

f

&2 oo & W22 AlZEICE

& mY oX > mo oo rlo

» sHA=0{: Z2|H|0|E| ZI=, plan quality, junction, CHSX|Z2 A& (multi-isocenter) VMAT

M=

—

LA 2 314 % & (volumetric modulated arc thera—

MOIRIKL: 21501 B S CHB TSl UL E st py, VMAT)= HELS SHAI[HA AFES i@ﬂﬂ
7= JeM 237 FOI= 1738 82 Z Ao trd=Z2]Ho]El(multi leaf collimator, MLC)Z
Tel: 031)787-2906 .
E-mail: 20369@snubh.org Aol 7oz, Al7IHEIAIA] & (intensity modu—
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lated radiaiotn, IMRT)®l| H]3] MU(monitor unit)a} 2|
AIZRE Tr=slH A B st Ak B s nrEo] ¥
25 Q)T
MLCE {19 =g %= 43} (beam modulation) &)

AR 5 9 2

2

s
AXek(interleaf leakage)—J oFekS | A3lsl] 96
o]y =g F8 AAshs Zo] Yubdlolm @7 Fe

Hlo]g] 2= 0] Hak= MLC7} 3240 Hehe Wk
7] Wizl A= Aol FFE & 4 ek

3 A7 7]1= 2 5mmet Smm=E A DAY E
MLC(high—definition MLC, Varian Medical System,
Palo Alto, CA, HD MLC)E #&3}o] Haj%50] &o}X]

7|28} AESHE AR s 45 4= QUok? a1ev

%—%(cranio—caudal)ﬂ Aoz} = , & 1A
A4 l4cm, & 22cml & Zﬂdﬂ‘ﬂ ¥ 2 p=Z AHcranio—
spinal irradiation)t} o5 F¢] H3z&(para—aortic
lymph node, PAN)2 323
59} o] vlwA 71 3

Ak

oFHE 8cm

J et (whole pelvis) ]

A5 of2o]

m[o U
h
o
<
5
—

FO

VMATS A-§8kL QIrk317 o= shte] 71 4o 55
ko 2 27) o]de] 534S Akl 7 S5l
e Atolo] 3 (junction)E Fo] BAlol 43Hop—
timazation)sh= oo}, = st 5548 + 2
9] JefS 5 Hby) wjRof18-19 syuperior field 245-E]
i%‘ﬂbﬂakg 71&9% 2 dose gradients W1l 3+

< inferior fieldo|A] )=o) ol w53k A
3 Ol SoV7Hes gt

SN TSR S41H VMATS AHEoh= 749

A A5 oA F5 WFOR 554 olsol] st
7] wjzof] 2} Z4A efleel thaf 117 *5}7% FF-E whol
FrollA AwF Tetthot spot) 22
o] HRAIEL 2= 9lo] Z0]7} 1) 35}1—,}01)

=2 T A
VarianAke] Eclipse A 2A1% A2 Arc—geometry

=

=(cold spot)

r
—111
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tool& ARgste] thEA R S VMATS A4S 4= 9]
om, 7|2o 2 AAE FEoly A= 1070]A thE 2
=2 A v ZEjdleld o) Weks 243 A4

J}oﬂ ulxl o] el ol 1A F,

Oy ¢

1. BHX} MEH

PANS Z§FoF A9 VMATS A|83th 31/} 5 3]
9] T Zol(YF Zol)7t et 29cm(27~32.8cm)$l &
2} 102 AAstan), AAES) v 2#-9(Brilliance big
bore 16-slice, Philips, Netherland)2 wing board&
ORI AL M 4] B gl Az

T} )= knee, feet fix2 1A AeolA] &=

BAE FYste] 3mm FA= AWsIT 253 21
CT @7ell RTOG 7ol =eiels =4sto] 3484
(clinical target volume, CTV), A2 ﬁ_ﬂ%xﬂ,(planning
target volume, PTV) @ Z4%}7](organ a
o] &-Z Tslth

2. X =2AE

A7 AE A|AHL Eclipse(version 13,7, Varian
Medical system, Palo Alto, CA)E AF&3}4al, HD
MLC(Varian Medical System, Palo Alto, CA)7} A21H
True—beam STx(Varian Medical system, Palo Alto,
CAS) 1MV HAAE olgsto] ARANE 4351
o}, ZErlolE 1= Walo] g JaFE dohr] sl
Eclipse®] Arc—geometry tools ©]-85}% 71% FA )|
10° 9]0l 20°, 30°, 45°5 AE5IATh MLCS



o

HEE= d92 Hasfelr] S8 FeHloly 2t
10°2} 350°, 20°2} 340°, 30°€} 330°, 45°9} 315°% o}
Mo 53545 I 2 full arc A, & 4 full arc2 =
AR A VMAT Ha4E AHgsigick, Ask A
& 4 A= 180Gy, 220cGy= o] 253]0] AH %
4500cGy(PTV—45), 5500cGy(PTV-55)5 SAI A=A}
(simultaneous integral boost, SIB)a}it}, Ze]H|o]g
21t Qo] thE 242 FUSIA Aol FUe A% A
A AlgHdose volume constraints)& 283511, ¥ A

A} 27400) AEFS Sl FAI] PTVe] Ailspo] Ha

ol &
E_

=
1

82 H

5= PO(photon optimization, version 13.7.6) ¢l
2|55 ARgste] HAsksllom, A Aldks 919 ¢al
25

22 AAA(anisotropic analytical algorithm, version

—_

3765 A8

3. X=AE It X2

ZeHoly A4=g HeAA 22 jt 2 Alglo] Al
|4 s|AE I3 (dose—volume histogram, DVH)ol|A]
PTV-45, PTV-55 Z}2}o] 2t A%, B+t g2 Ab=s)
o] PTV coverageS 81519311, AHPAlEre] 95%7} 2A
Y= PTV A&} PTV A4 9] H]Q1 £APE9}A] 3 (cover—
age index, CVI, Voss,/VPTV)® PTV 5% A Z]of A=
L A} 959% AFo] 2A RS Ao H|ol A4 AE
(homogeneity index, HI, Dso/Dose) S H]wa}gIc}, Tt
OAR B71E SleliA] W=80] BatAlw, 30Gy7F 2ARE =
Bge] 8A|(Vo), 2789 Bt AT 25Gy7t 5/&@: 2
o] §A(Vas), 389 Ht A= 20Gy7F RARE] =
o] 82|(Vao)& H]aLsk i),

mﬁ

4, 2Kt XpM| 2X10]| [HE HetFo| MEX Pk H|n
FjvolE] AR F5 W] g A4 2 8
S Aol wjA| = Y s flel Aakst oE 2
M (solid water phantom)< ©]-8&3}¢] T}
MAT A 2ASE S, 274) 554
—Pﬂ’ﬂ S 5] YIRS QHE(in), B
~3mm Qo= o]Fsto] ARFAALS 5191

o}, e /?j.aol:e H|asl7] 98 g7t 9l of

1=}

1=
PTV $YHE 7502 8ecmo 252 AL A

o2
o
k1
i_;
il
< ré

[rr

=
H
e

al

b HE

T

1) M| XIZAZS AS
A} 107 9] =3t multi—isocener VMAT 2| 2 A& 9]
ASS Yl ARG+ A (electronic portal imag—
ing device)& A&-519] PDQA(portal dosimetry qual—
ity assurance) & AA51% 1L, Gamma pass rate+= 3mm,

3% Ak 3t 7152 95% O & SFlth

A
e geie) Mg AR B7HE Sla) sy A
2]}k (farmer type ion chamber, TN 30013, PTW, Ger—
many)< et 14 & :E(solid water phantom)<

05‘3}211 verification plan

a2

1. PTV coverage2} MZ¥X|&

ZAEHE PTV-459] o) A2 10° 5775.00+
51.54cGy, 20° 5785.68+48.07 cGy, 30° 5780.79+
39.29 cGy, 45° 5774.04£45 38 cGy©°|1, Bt AT
10° 4660.81+57.03cGy, 20° 4660.63+57.57 cGy, 30°
4659.02+55.22 cGy, 45° 4653.69+56.11 cGy©|iT},
PTV-559] Ztj A=S 10° 5783.16£52.26 cGy, 20°
577996149 98¢Gy, 30° 5775.37+35.06¢Gy, 45° 5775.67
+49.30cGyo°laL, Pt AT 107 5572.79+23.65cGy,
20° 5574.29+20.66cGy, 30° 5555.80+58.86cGy, 45°
5774.03+12.65cGy©]AtHTable 1), PTV-452] % CVI
B 10° 0.971+0.010, 20° 0.97840.007, 30° 0.979
+0.006, 45° 0.985%0.004°]1, HI BHZH 10° 1,159
+0.073, 20° 1,151+0.072, 30° 1.146%0.072, 45° 1.140
+0.0740]cH(Table 2, Fig, 1). PTV-552] %%, CVI &

AL 10° 0.996+0.,004, 20° 0,997+0.003, 30° 0.998
+0.003, 45° 0.998+0.003°]2, HI B3-S 10° 1.039+
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Table 1. Maximum and mean dose of PTV-45, PTV-55 by each collimator angles (cGy)

m 10° 20° 30° 45°
v D 5775.00£51.54 5785 68+48,07 5780.79439.29 57740445 38
Dacn 4660.81£57.03 4660.63+57.57 4659.02+55.22 4653.49%56.11
brvss Do 5783.16+52.26 5779.96+49.98 5775.37+35.06 5775.67+49.30
Dicn 5572.79423.65 5574.20420.66 5555.80458.86 5574.03+12.65

Values are mean + standard deviation for PTV—=45, PTV=55, Dpax: maximum dose, Dimean: mean dose

Arc Creation  Fine-tune Fields
Target(s) Setup
PTV_55 1 1socenter - 1 full rotation
PTV-45 1 isocenter - 1 half rotation
PTW-45_P 1 i1socenter - 2 full rotations
ptv-hot 1 isocenter - 2 half rotations
RECTUM 2 isocenters - 2 full rotations (recommended)
RECTUM-C 2 isocenters - 2 half rotations
RT FH 2 isacenters - 4 half rotations
RT KIDMEY 3 isocenters - 3 full rotations
First Arc Treatment Order
MLC | 0303 v|
Oow ® Head to Feet
Target Margin [cm 0.50
9 gin [em] ® cow () Feet to Head
Collimator Angle
(®) Fixed [degl | 10.0| [Juse Complement Angle

() Automatic

Apply

To modify the plan with the selected arc setup, click Apply.
Parts of targets are not covered.
Arc geometry tool works on dynamic arcs {arcs with ML),

To Optimization

Close

Fig. 1. Change collimator angle using Arc Geometry Tool in Eclipse

Table 2. CVIand Hl of PTV-45, PTV-55 as each collimator angles

m 10° 20° 30° 25°
s cvi 0.971£0.010 0.978+0,007 0.9790,006 0.985£0.004
HI 1.1594+0.073 1.151+0.072 1.146%0.072 1.140%0.074
s Vi 0.996:+0,004 0.997+0,003 0.998+0,003 0.998+0,003
HI 1.039£0.014 1.036£0.072 1.035+0.072 1.031£0.074

CVI: coverage index(volume of PTV receiving 95% of Prescription dose / volume of PTV), HI: homogeneity index(dose to 5% volume of PTV
/ dose to 95% volume of PTV) for PTV—45, PTV—55
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0.014, 20° 1,036+0.072, 30° 1.035+0.072, 45° 1,032+
0.074°]1cH(Table 2, Fig. 2).

In 1~3mm

sout 1~3mm

(b)
Fig. 2. (a) Move the position of the lower isocenter in and

out 1~3mm and (b) Set up the virtual volume(in 8cm verti—
cal length from the junction center) to evaluate the junction
dose changes occurred by set—up error

Table 3. OAR results of Bladder, Rectum, Kidney (cGy, c¢)

VMAT A& A2 A] Fejjo]e] Z1i=o] o] ¥t i

2. OAR TW7} X|&

Zejuole] Ze Wslof whE W-ge] Hat A 10°
3373.30£900.32cGy, 20° 3347.19+892 98 cGy, 30°
3341.90£890.91 cGy, 45° 3309.93+892.19 cGy ]2
], 9g9] Vi 10° 200.76£176.29 cc, 20° 199,78+
176.15¢cc, 30° 200.35+177.02cc, 45° 196,42+172,50cc 2
yepstth 249] et A 10° 3572.841934.93 Gy,
20° 3575.594929.15cGy, 30° 3577.924913.15cGy, 45°
3571.95+918.70 cGy©°] 1L, A& Vosi= 10° 62,97+
24.98cc, 20° 63.04+24.62cc, 30° 63.31+24.73cc, 45°
62.84%24.17 ccolQltt, A19] Hat A% 10° 1088.65
+126.34cGy, 20° 1090.36+125.78 cGy, 30° 1090.08
+124.20cGy, 45° 1074.60+128.00cGy©]aL, A& Vi
£ 10° 16.98+11.85cc, 20° 18.07+13.40cc, 30° 1791+
13.55¢c, 45° 16.35+12.33 ccO]tH(Table 3).

3. 2 XA 2xto]| [HE HetE o
origin plan®] 7%, Fd| A%2 10° 4794.50cGy, 20°
4795.80cGy, 30° 4781.30cGy, 45° 4788.20cGy©°]%]
1, HA AEFS 10° 4104.00¢Gy, 20° 4090.20¢Gy, 30°
4115.60cGy, 45° 4052, 3OCGy 2 Yehgt} in Yo 2
Imm ©]53t plan®] - o] A2 10° 5056.60cGy,
20° 4943 40cGy, 30° 4869.40cGy, 45° 4891.10cGy°]L
A, in kO & 2mm 5%k plan 10° 5237.50cGy,
20° 5093.30cGy, 30° 5002.20cGy, 45° 4998.80cGy©]3]
om in WEFOE 3mm ©]E 3t plan 10° 5492.80cGy,
20° 5269.40cGy, 30° 5165.40cGy, 45° 5125.90cGy°|3L

o}, =2 out RO 2 1mm ©]58 plan?] #4 A

| MEH Fek |

OAR collimator angle 10° 20° 30° 45

Bladder |2 (SY) 3373.30+900.32 3347.19+892.98 3341.904890.91 3309.93+892.19

Vi (co) 200.76+176.29 199.78+176.15 200.35+177.02 196.42:172.50

Rt |2 (€6 3572.84%934.93 3575.59+929.15 3577.924913.15 3571.95+918.70
Vas (cc) 62.97+24.98 63.04+24.62 63.31424.73 62.84424.17

Kidney Dinean (cGy) 1088.65+126.34 1090.36+125.78 1090.08+124.20 1074.60+128.00
Voo (c) 18.09+13.96 18.07+13 40 17.91£13.55 16.35+12.33

Values are mean = stard deviation, Dmean: mean dose, Vio: volume of bladder receiving 30Gy, Vas: volume of rectum receiving 25Gy, Vao: vol—
ume of kidney receiving 20Gy
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Table 4. Maximum and minimum dose of original plan and shifted plan as each collimator angles (cGy)

dose(cGy) 10° 20° 30° 45°
origin plan Dinax 4794.50 4795.80 4781.30 4788.20
1mm 5056.60 4943.40 4869.40 4891.10
in 2mm Dimax 5237.50 5093.30 5002.20 4998.80
3mm 5492 .80 5269.40 5165.40 5125.90
origin plan Dinin 4104.00 4090.20 4115.60 4052.30
Imm 3979.50 3975.90 401290 4003.60
out 2mm Duin 3825.50 3877.20 3914.50 3953.80
3mm 3562.90 3644.,00 3769.10 3868.90
Dimax: maximum dose, Dimean: mean dose
Table 5. Average values of Gamma pass rate of multi— PTV-45 CVI, Hi

isocenter VMAT plan as each collimator angles for 10 pa—
tients

Multi—isocenter VMAT plan
10° 99.63%
20° 99.69%
30° 99.61%
45° 99.60%

All plans indicated over 99% of gamma pass rate (3mm, 3%) in
portal dosimetry quality assurance.

Fig. 3. Absolute dose measurement using a Falmer type
ionization chamber to evaluate dose reproducibility at the
junction
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HI vl

Fig. 4. Coverage index (CVI) and Homogeneity index (HI)
of PTV-45

PTV-55CVI, HI

Hi vl

Fig. 5. Coverage index (CVI) and Homogeneity index (HI)
of PTV-55



10° 3979.50¢Gy, 20° 3975.90cGy, 30° 4012 90cGy, 45°
4003.60cGy©]1, out WO 2 2mm ©]%53t planS
10° 3825.50cGy, 20° 3877.20cGy, 30° 3914.50cGy, 45°
3953.80cGy°]3lem™, out S 2 3mm ©]%53} planS
10° 3562.90cGy, 20° 3644.00cGy, 30° 3769.10¢Gy, 45°
3868.90cGy©]ItHTable 4),
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4. X|2A|

Jok
Ol

1) S| X2AIZe] HE

S} 108E WO 2 k= A=A=9 PDQAE X138
3+ A} 10°, 20°, 30°, 45°°|4] gamma pass rate(3mm,
3%)-& 212+ Bt 99.63%, 99.69%, 99.61%, 99.60%°11
T}(Table 5).

2) R MY Eut vl
=4 AW, AZAZA HEE9 point dosex= 10°

180.80 cGy, 20° 185.20cGy, 30° 184.00cGy, 45°
180.50 cGy©°]al AA| =43t point dose+ 10°
180.88 cGy, 20° 185.73cGy, 30° 184.19 cGy, 45°
180.66cGy©]3itt.

455
oA 9.66%, W] BRAE, Vaol 188%, 216% 74
stglom A1ge] BAld Aol Bak A% Vak 2%

0|83t Isa M 52 Li M 59| ¢Itollxd= Fefuoly 45°
7} PTVY] Cl(Conformity index), HI #}& 7HA15h=t
o]Fo] 9lom, OAR AgFE W& 4= Tkl s3It} o1 o]
H AR A8 VMATS o]4¢t A Ak 7|&9)
A=Y A2 AFS Helow, o= FEjvold Zrt
A= JE7t S54= 51 719) CT slice modulation®]]
Host= MLC leaf =7} oA PTV coverage &4
W34 AA A7l ol AR HASHA7)7] Wi
ofg}al AZrrt 129

433 PANS Zg3l %

RS A

v

ar
=

=

o EAR FAA
VMAT ZA| 25489 PDQA ZAit=

rate 3mm, 3%E A4ste] 1059] A EA A Hat
99.6% OO R Tt 7|ES whEsiolrh HERY A
ANEFS 71| Slall A=A ASAe 0] A
kS vl Ay} B ZEjdlolE Zieof4] 0.3% W
ZpolE Hol 7t Hatol uh2 HgHtol|Ale] A ZjEA

Gamma pass

ol o7} gli= Ao & FIH)
E2 5 244 VMAT 7S o & 7|2 Jrse &
3] X2 A| QIS 2= )i £ wlsko] B} 24| @ %}

), t
et 95 AFFATte») Aol A= HaHollA
A} AA| S 7fol| w2 AAstE Hrkel] el B5
PO 2 1~3mmo| TR} AN 2215 Qo2 HWAIAIA o]
5 A9 A5 AL (origin plan)?} HlasiEITE -
A9 A sk ol sAl7F A S F716ke] 3mm
oA 71 2 ApolE HlaL, FHRellAe] S5ake] &
A} 2R @A}l thef) =05 7] ofof gt 7150 At
S FUS AAE A8l olefRt ANE B R v
A5 S48 VMAT A 8A] 82} A Q2o gt 93-S
=0]7] flallAl= A AE go] AR 2ol el A
ghe FAY, QRS+ 554 1 couch o] 5A] A8l
AR O)F 5= o 97 H Qg Aol Az,
Zejrlole A= SEA} ZA| @ Zpof| OJ7k ARtolA]
ARF W3k= in WRFCE 3mm of5A] Hf Aol 107,
20°, 30°, 45°9)|4] 14.56%, 9.88%, 8.03%, 7.05%= =7}
31991, out 3mm ©]FA] A A% 10° 20°, 30°, 45°
oA 13.18%, 10.91%, 8.42%, 4.53% %= 73Aso] Z&|H|
o] Zte7} A-GE TR A LA}of w2 o)A

of Al wskepo] e AL AT 4= gick olo} wl

=2

=
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A study on the effect of collimator angle on
PAN-Pelvis volumetric modulated arc therapy (VMAT)
including junction

Department of Radiation Oncology, Seoul national university bundang hospital, Gyeonggi-do, Korea

Kim Hyeon Yeong, Chang Nam Jun, Jung Hae Youn, Jeong Yun Ju, Won Hui Su, Seok Jin Yong

Purpose: To investigate the effect of collimator angle on plan quality of PAN-Pelvis Multi-isocenter VMAT plan,
dose reproducibility at the junction and impact on set-up error at the junction.

Material and method: 10 adult patients with whole pelvis cancer including PAN were selected for the study. Us-
ing Trubeam STx equipped with HD MLC, we changed the collimator angle to 20°, 30°, and 45° except 10° which
was the default collimator angle in the Eclipse(version 13.7) and all other treatment conditions were set to be the
same for each patient and four plans were established also. To evaluate these plans, PTV coverage, coverage
index(CVI) and homogeneity index (HI) were compared and clinical indicators for each treatment sites in normal
tissues were analyzed. To evaluate dose reproducibility at the junction, the absolute dose was measured using a
Falmer type ionization chamber and dose changes at the junction were evaluated by moving the position of the
isocenter in and out 1~3mm and setting up the virtual volume at the junction.

Result: CVI mean value was PTV-45 0.985+0.004, PTV-55 0.998+0.003 at 45° and HI mean value was PTV-45
1.140+0.074, and PTV-55 1.031+0.074 at 45° which were closest to 1. Vagey of the kidneys decreased by 9.66 % and
average dose of bladder and Vao decreased by 1.88% and 2.16% at 45° compared to 10° for the critical organs.
The dose value at the junction of the plan and the actual measured were within 0.3 % and within tolerance. At the
junction, due to set-up error the maximum dose increased to 14.56 %, 9.88%, 8.03%, and 7.05%, at 10°, 20°, 30°,
45° and the minimum dose decreased to 13.18%, 10.91 %, 8.42%, and 4.53 %, at 10°, 20°, 30°, 45°

Conclusion: In terms of CVI, HI of PTV and critical organ protection, overall improved values were shown as
the collimator angle increased. The impact on set-up error at the junction by collimator angle decreased as the
angle increased and it will help improve the anxiety about the set up error. In conclusion, the collimator angle
should be recognized as a factor that can affect the quality of the multi-isocenter VMAT plan and the dose at the
junction, and be careful in setting the collimator angle in the treatment plan.

» Key words: collimator angle, plan quality, junction, multi-isocenter VMAT
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