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5 H: 2 d51= 6MV-FFF(Flattening Filter Free
Beam ZH|Z 085101 7tA4e| A Sxof Chot M M2k gf2 58,
CHA 2 4 IMRT THEN(BA, Germany)S O1831Sr

bolus, 0.5 cm bolus, 1 cm bolus & M| 7tX| ZZASE HMAtst TEEEAS ABGIICE 7Heel A Ziolof
Xz A2 8X{(Planning Target Volume, PTV)E A¥st1 13|, 200 cGyZ X|=2 A& 22} +-2ioiRACt,
A ZHE2 Gafchromic EBT3 EES T3t X|E AlZlat SUst 77H0l| JIXIAA 103] g S&6t
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Z 1f: ZF &H| EH A AT} without bolus, 0.5 cm bolus, 1 cm bolus =ME EH Mk £XZto| IHS
TomotherapyOllA 115.2+2.0 cGy, 194.4+3.3 cGy, 200.7+2.9 cGyZ EtI=|{ 1, HalcyonOllA 104.7£3.0
cGy, 180.1£10.8 cGy, 187.0£10.1 cGy= ZHRIZ|AO M, TrueBeamdlA 92.4+3.2 cGy, 148.6£5.7 cGy,

oL, FUE

155.8+6.1 cGy=2 SIZ|iC} M| 7IX| ZZ0M 25 X2 AHIE A|AEITL SUSHA Tomotherapy, Halcyon,
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AL R 28}13] 4] 2022 ; 34 © 31~42

FFF(Flattening—Filter—Free) W3 A8-8]= 74 A&

73} @A (Beam hardening effect)o] 745l
Ll ﬂioﬂ o] AA3] A7) wfzol EH /d%*ol <7k
HQlo] Hr}, T3t FFF & HA; &
2F g He ?j(Build—up) Aego) FF(Flattening—
o Q7 AT B E]E ek 60

6 MV-FFF ©& Oﬂ‘«ﬂxl A1+ Halcyon< Varian
o] 24l AF 71457]& 71& Linac w9t Ee Jaw7} gl
61 Dual-layer MLC(Multi—Leaf Collimator)& A&t
t}, &3k O-ring®] FE| = Hoj Qof W=7} )] 7]&
of] AF&-3lx]0] 9)= Linac A 4] 4812] RPM(Rotation
Per Minute) 2.2 W2 4] 3)AAZ 4= 9) omi1 12 HEZ]| 9}
2HRpeLO] S= 9190l itk o] Sk

2 AFolA= 6MV-FFF H1:& AR88h= 24l AH|Rl

X

S g G A E A 27, W T

Ptz gk

ELE

— CT simulator (Discovery CT 590 RT, GE, USA)

— IMRT Phantom (IBA, Germany)

— Precision® Treatment Planning System (Version
1.1.1.1, Accuray, Sunnyvale, CA, USA)

—Eclipse Treatment planning System (Version
16.1.0, Varian, Palo Alto, CA, USA)

— Gafchromic™ EBT3 radiochromic film (Ashland
Advanced Materials, Bridgewater, NJ, USA)

— RADIXACT® Treatment Delivery System (X9,
Accuray, Sunnyvale, CA, USA)

— Halcyon (Varian Medical System, Version 3.0,
Palo Alto, CA, USA)

—TrueBeam (Varian Medical System, Version 2.7,
Palo Alto, CA, USA)

— VIDAR Scanner (VXR-16 Dosimetry Pro, Vidar
System Corporation, USA)

— Dose Analysis system (RIT113 Version 5.0, Ra—
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diological Imaging Technology, USA)
— SPSS 27 Data Analysis software (IBM, New York,
NY USA)

RO 8 7](CT
simulator)Z ©]-83}o] =77} 33(W)X36(L)x18(H) cm?,
B 57} 1.045 g/m?® IMRT WE9] WA} w2 o
AE F59tE F9 202 WAEY 120 Kvp, J&Xd_%
350 mA, 0.938:1 Pitch, &&}o]2~ 7] 2.5 mm, Helical
scan type, interval 7+4 2.5 mm=Z 3.0 270 H9
L MRT RS AR 73kslo] AEoln) AAkE) k=

B AEE 918 290 AXH 9A)

Y2 IMRT HES A8 2 S (center) $12]]
a1 3 AR S0 RS =017] $I5te] Al 71A] B

(without bolus, 0.5 cm bolus, 1 cm bolus)S 2835}
Y 210 2 HhE 2951 cHFig, 1).
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MRT #Eo] CT 94
o 7hate) 4G PTVE AAslgon] Al 245
(inner margin) 3 mm7}A|2] S22 ) (skin)2 2Js}
&t} without bolus, 0.5 cm bolus, 1 cm bolus -3t
CT A= A% o] FUT £ D A AFL 295

e}, A AERS PTVO| 13] 200 cGy7}F PTV A4} Aleko]

=

Fig. 1. Computed tomography of IMRT Phantom



80% ol/Fo] == A= AlgE s-HslrhFig. 2).

2) Tomotherapy, Halcyon, TrueBeam ZH|2| X|2 Al

Tomotherapy+= Precision® Treatment Planning
System(Version 1.1.1.1, Accuray, Sunnyvale, CA,
USA)9] Helical IMRT modeZ A&7 Plan Setup
Parameter+= Jaw Mode+= Dynamic, Field Width+=
2.5 cm, Pitch®= 0430, Modulation Factor+= 2.0 A&
sto] A8 At 71 Linac A& 4]} &2 O-
ring @H2] Halcyony} 712 Linac AH|9} £Us C—
arm FE9] TrueBeam-2 Eclipse Treatment Planning
System(Version 16.1.0, Varian, Palo Alto, CA, USA)&
AR5 47119] ArcE 84 HX 34 2= (Volumetric
Modulated Arc Therapy, VMAT) A&8S Hslich
= AR AF U= YA 6MV-FFFE AHE-5131
o} A8 AP HH35} dgolA FUg el 9 A
AFAE AHEBE] A" AlRofA o] Mg 2435}
gr1o] 545 dol A} sigirk(Fig. 3).
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J30) e e Rol7] Slstel Z17}o) Xz A
& Tomotherapy+= convolution—superposition<r
}9337 Halcyon, TrueBeam-2 AXB(Acuros XB)S

191

>
B
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> x4
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=]
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Fig. 2. IMRT Phantom structure settings
A 1 Set 3 mm from body to skin
B : Set PTV

3. Gafchromic EBT.

Gafchromic EBT 2
on] & 37 HalisT WAL o) eleo
EA4o] QItt A7] 28 WA X|HE(Intensity Modu—
lated Radiation Therapy, IMRT)®} 22 HPALAL X 5o
A A HE AEIE SR8 E7R A4HR gov]
@ AJfHo R o fg YA HE 7= 69+ =9 94
Hoo] 717 wite] HE o 23k SA7F HA =
T}09 ZAof| AL2-H Gafchromic EBT3 TE-2 HU3H 1
A s A8 wH 508 AREsIlon A8 A
o] £ 1t YA HA 7E= 21 em, A= 4 cm
715 AHESIT) ME o] 574 ¢ 329 9] Gafchromic
EBT3 E&52 YA|A171 H without bolus, 0.5 cm bolus,

1 cm bolus 371A]2] Wi o2 77} 109] Wk 574519

Fig. 3. Equipment image
A : Tomotherapy
B : Halcyon
C : TrueBeam
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t} 44 52 VIDAR Scanner(VXR16 Dosimetry
Pro, Vidar System Corporation, USA)E &3} X
9 skigich DA B E 24 PR Mo A AL
(RIT113 Version 5.0, Radiological Imaging Technol—
ogy, USA)& o]&sto] A A WA A% gt 5
U (center)S 7|50 2 3t profile?] AFF gk =4 &

Attt (Fig. 4, 5).

|V

4, TS} RIZ 72 AIARIOIMS] T Mt £
A
=

Asto] 4]
_]

5. 84 &4

SA EA& SPSS 28 Data Analysis software(IBM,
New York, NY USA)E &-83}%.2H, Tomotherapy,
Halcyon, TrueBeam A 7}¢] AH|Z 103] W& =
ARt A3kE s fls) dduiA] 4kt A (one-
way Analysis of Variance, ANOVA)Z A|g§s} 3t}
Kolmogorov—Smirnov 774¥} Shapiro-Wilk A4

=
ol Al 2ol At 7HdE W Fekinh 4

Hj 2] EAHRLA o]& = o] 375 747} Hlwslr] Y8
Tukey HSD(Leneve?] 54174 p=>0.05), Dunnett

T3(Leneve?] 5EAHIA p0.05) S Fall 2442 AR

1. Gafchromic EBT3 ZE8 =Xt M2k

1) Gafchromic EBT3 & x| HAO| M 2t

Tomotherapy2] without bolus, 0,5 cm bolus, 1 cm
bolus 8 217} 578 A1FC] B¢k 1152420 Gy, 1944+
33 cGy, 2007129 cGy= &=}, Halcyon®] without
bolus, 0.5 cm bolus, 1 cm bolus ¥ 22} &7 Aleko] g4k
1047430 cGy, 180,1410.8 cGy, 187+10.1 cGy= ZF1=|9)

t} TrueBeam®] without bolus, 0.5 cm bolus, 1 cm bolus

34

Fig. 4. Film application section and actual section in the
plan
A : Gafchromic EBT3 Film measurement section in
IMRT Phantom
B : Dose measurement section in TPS(Treatment
Planning System)

W 217} 279 ARFO] b gk 924432 Gy, 148.6157 cGy,
155.846.1 cGy= 1=K Table 1, 2, 3, Fig. 6, 7, 8).

2) Gafchromic EBT3 ZIE U8 7
of Mzt 2t

Z0 2 St profile

Tomotherapy®] without bolus, 0.5 cm bolus, 1 cm
bolus ¥ 717} 7 A0} Btk 1170£1.8 cGy, 1980+
40 cGy, 2035147 cGy= 2RI %It} Halcyon?] without
bolus, 0.5 cm bolus, 1 cm bolus & 217 =7 Aeko] Bt
752 1080437 <Gy, 182.8+112 cGy, 1907+12.2 cGy= &
Q1=8It} TrueBeam®) without bolus, 0,5 cm bolus, 1 cm
bolus 8 22t 574 AFC] stk 956435 cGy, 1515+
46 cGy, 1602169 cGy= ZR1%ICHTable 4, 5, 6),



Table 1.
TPS of Tomotherapy

Surface dose values of the total area of Film and

Machine Bolus

Measurement

TPSt

EBT3
film
(cGy)

Average
(cGy)

SD*

Skin 3
mm
(cGy)

Without

1157

1129

113.6

117.9

112.9

115.1

115.2

116.8

1132

115.8

118.5

2.0

169.5

Tomo—

therapy 0.5 cm

195.9

199

194.5

197

194.9

192.8

194.4

187.2

196.4

194.5

191.2

33

194.9

1cm

200.4

204.5

197.6

196.3

198.5

201.8

200.7

204.6

203.5

200.3

199.2

29

197.1

*Standard Deviation(SD), TTreatment Planning System(TPS)

120
115
110
105

95
85

(<Gy)

Fig. 6.

200
190
180
170
160
150

140
(<Gy)

Fig. 7.

205
195
185
175
165
155

145

Fig. 8.
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without bolus

1185

108.8 1185
104.7
185 995
924
86.1
B TR B HA © TOMO

Surface dose values of the entire Film of without
bolus
Tomotherapy(TOMO), Halcyon(HA), TrueBeam(TR)

0.5 cn1l:o|us1”

190.6 1314

180.1 187.2

160.3
163

148.6
143.8

m TR ® HA © TOMO

Surface dose values of the entire Film of 0.5 cm
bolus
Tomotherapy(TOMO), Halcyon(HA), TrueBeam(TR)

1 cm bolus
204.6

199.1 E 2007

187 196.3

162.1
155.8

141.3

m TR ® HA © TOMO

Surface dose values of the entire Film of 1 cm bo—
lus
Tomotherapy(TOMO), Halcyon(HA), TrueBeam(TR)
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Table 3. Surface dose values of the total area of Film and

SHIAMAR| E8E3)A] 2022 5 34 1 31~42
Table 2, Surface dose values of the total area of Fim and
TPS of Halcyon TPS of TrueBeam
Measurement TPSt Measurement TPST
Machine | Bolus | EBT3 Average . Skin 3 Machine | Bolus | EBT3 Average . Skin 3
film (cGy) SD mm film (cGy) SD mm
(cGy) (cGy) (cGy) (cGy)
99.5 86.1
101.2 89.2
103.2 90.4
105.8 922
Without 1063 104.7 3.0 134.0 Without 2 92.4 3.1 131.8
108.6 91.9
105.3 95.1
106.1 93
102.6 94.9
108.8 96.1
164.8 150.9
163 156.5
167.1 160.3
183.9 144.5
Halcyon | 0.5cm 905 1 g1 | 108 | 1788 True= | oS om |2 1486 | 57 | 1757
189.1 Beam 143 8
184.6 144.8
183.7 1454
190.2 149.3
184 1457
170.9 161.1
173.4 158.1
174 159.8
189.4 1413
189.6 155.7
1cm 1931 187.0 10.2 182.4 1cm 1621 155.8 6.1 180.8
193.7 152.1
199.1 153.1
193.4 155.6
193.4 159.5
*Standard Deviation(SD), TTreatment Planning System(TPS) *Standard Deviation(SD), TTreatment Planning System(TPS)
lus, 1 cm bolus 8 217} A15Fo] a4l 1340 Gy, 1788
cGy, 1824 cGy= ZFQ1=31T}, TrueBeam@] without bolus,

H 27F ARpe] Watele 1318

2. TLE} X2 A= A AR M2

Tomotherapy2] without bolus, 0.5 cm bolus, 1 cm

bolus H 217} A5F0] Btk 1695 cGy, 194.9 cGy, 1971 0.5 cm bolus, 1 cm bolus
cGy, 1757 Gy, 180.8 cGy= E21=|2Jt}Fig, 9),

cGy= &I=1t}. Haleyon®] without bolus, 0.5 cm bo—
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20

220

170

120

70

20

-30
(<Gy)

Fig. 10.

250

200

15

(=]

10

(=]

5

o

(cGy)

Fig. 11.

Dose value of TPS

197.1

175.7 1788 180.8 1824
mj Iu II I '
without 0.5 cm

m TR B HA & TOMO

Dose by equipment at TPS(Treatment Planning
System)
Tomotherapy(TOMO), Halcyon(HA), TrueBeam(TR)

Dose value of film total area

100.3%
97.1% ity
74.3% k!
57.6%
52.4%
I I l I I
without 0.5 cm 1em

m TR B HA O TOMO

Comparison of Surface Dose by Equipment Using
Gafchromic EBT3 Film
Tomotherapy(TOMO), Halcyon(HA), TrueBeam(TR)

Comparison of Plan and Actual Measurements

without 0.5 cm

Actual TPS Actual TPS Actual

B T B HA o Tomo

Comparison of measured values in the Treatment
Planning System with measured values in the ac—
tual Gafchromic EBT3 Film

Tomotherapy(TOMO), Halcyon(HA), TrueBeam(TR),
Treatment Planning System(TPS), Actual surface
dose value measured using Gafchromic EBT3
film(Actual)

i:3
il

Table 4. Surface dose values of profile based on center of
Film and TPS of Tomotheraphy

Machine | Bolus

Measurement

TPSt

EBT3
film
(cGy)

Average
(cGy)

SD*

Skin 3 mm
(cGy)

Without

116.2

113.9

116.2

119.5

118.6

117.1

117.2

114.8

116.7

119.4

117.0

1.8

169.5

Tomo—

theraphy el

199.9

201

199.1

199.1

198.2

195.5

189

203.1

194.6

200.9

198.0

4.0

194.9

1cm

205.3

208.3

198.7

195.5

199.5

203.3

209.9

208.5

203.4

202.6

203.5

4.7

197.1

*Standard Deviation(SD), T Treatment Planning System(TPS)
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Table 5. Surface dose values of profile based on center of Table 6. Surface dose values of profile based on center of
Film and TPS of Halcyon Film and TPS of TrueBeam
Measurement TPST Measurement TPST
Machine | Bolus Efﬁ;?’ Average | o 5223 Machine | Bolus | ERT3 film | Average o* S;i’rf’
(cGy) (cGy) (cGy) (cGy) (cGy) (cGy)
102 88.6
103.2 91.7
105.6 94,1
109.2 96.7
. 110.3 98.5
Without 1134 108.0 37 134.0 Without 94'8 956 35 1318
109.2 995
109.1 9%
105.7 976
12 99.6
1664 1528
166.1 158.6
168.3 1601
190.2 8
193.6
Halcyon | 0.5cm 1923 182.8 11.3 178.8 True— 05 cm 146.8 1515 46 1757
ey Beam 1499
185.4 147.1
1918 150.7
186 152
1725 149.4
1729 1653
176.1 160.5
190.5 165.2
193.9 1452
T R R tom % | 603 | 69 | 1808
199 169.5
203.7 154.5
197.7 158.5
199.4 160.3
*Standard Deviation(SD), TTreatment Planning System(TPS) 164.8

*Standard Deviation(SD), TTreatment Planning System(TPS)
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Table 7. ANOVA result value

ANOVA F P_value
without SD-TA* 116.6 0.000
0.5 cm SD-TA 102.3 0.000
1 cm SD-TA 68.0 0.000
without SD-PB* 165.5 0.000
0.5 cm SD-PB 102.4 0.000
1 cm SD-PB 106.2 0.000

*Surface dose values of the total area of Film(SD—TA), T Surface
Dose value of profile based on center of film(SD—PB)

E7 ZaANOVA)
 HiR] BAREAOA BE A3t R-9] gE 0.05 1
qto]¢l o (Table 7) AFS- HA4] T3t Tukey HSD A3}
Dunnett T3 774 Zxlol|4] % §-0] 315 0,05 u|gtolgith

3.
Q]
=

223 9f 59l

e
o
e
e
Fl
'
2]
ot
i
kI
of,
N

ot zE

—

B Aol A 6MV-FFF ¥ A8-31+= Tomotherapy,
Halcyon, TrueBeam AH|9] 3tH A%F2S Gafchromic
EBT3 ZE&& o]&slo] 243+ Ay} without, 0.5 cm, 1
cm bolus Al 7}4]9] 2E 2|4 Tomotherapy, Hal—
cyon, TrueBeam “gH| oA 2 321 Algfo] =4 S78=3)
t} 1 cm bolusol|49] EE A W&e] 19 A gh& 7]
£9 & Tomotherapy”| Halcyon}t} 6.8 %, TrueBeam
U} 22.4% Apo|R =2 547 HlrHFig. 10). To-
motherapy®} Halcyon AH]9] 3x¥ AgFo] TrueBeam
ol Hlsl} =74 4% o=+ 7|& Linac FH|9} &
2] §] A2of| A5t AW 1 AFS ST |
AN

Eodeioh 2o AES P2 A0 HATHO Tomo-

ol F3) & Aol SAE ] 8 A AL P U 2 felical A2 WS 0]25} 51
7} B AR O folRhE SISH3ITH(Table 8, 9). 4220 2 QIAleH= H] Myl olugl Bl A} HIO] ALgo]
HH AR 5710 YRle = HRlnk & Ae] ditE B
Table 8. Tukey HSD and Dunnett. T3 result value of the total area of Film
Bolus Machine Machine AD® (cGy) SDX P_value
HAT 10.5 1.3 0.000
TOMO*
TRT 228 1.3 0.000
TOMO -10.5 1.3 0.000
without HA
TR 12.3 1.3 0.000
TOMO -22.8 1.3 0.000
TR
HA -12.3 1.3 0.000
HA 14.3 3.6 0.007
TOMO
TR 457 2.1 0.000
TOMO -14.3 3.6 0.007
0.5cm HA
TR 31.5 39 0.000
TOMO —45.7 2.1 0.000
TR
HA =315 39 0.000
HA 13.7 33 0.006
TOMO
TR 449 2.1 0.000
TOMO -13.7 33 0.006
lcm HA
TR 31.2 38 0.000
TOMO —449 2.1 0.000
TR
HA -31.2 3.8 0.000

*Tomotherapy(TOMO), THalcyon(HA), TTrueBeam(TR), * Average Difference(AD), ®Standard Deviation(SD)
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Table 9. Tukey HSD and Dunnett. T3 result value of profile based on center of film

Bolus Machine Machine AD? (cGy) SDX P_value
HAT 9.0 1.4 0.000
TOMO*
TRT 21.4 1.4 0.000
TOMO -9.0 1.4 0.000
without HA
TR 12.4 1.4 0.000
TOMO -21.4 14 0.000
TR
HA -12.4 1.4 0.000
HA 15.2 38 0.006
TOMO
TR 46,5 19 0.000
TOMO -15.2 3.8 0.006
0.5 cm HA
TR 31.3 38 0.000
TOMO —46.5 1.9 0.000
TR
HA -31.3 3.8 0.000
HA 129 41 0.027
TOMO
TR 433 2.6 0.000
TOMO -129 41 0.027
1cm HA
TR 30.4 4.4 0.000
TOMO —43.3 2.6 0.000
TR
HA -30.4 4.4 0.000

*Tomotherapy(TOMO), THalcyon(HA), TTrueBeam(TR), ¥ Average Difference(AD), “Standard Deviation(SD)

2 % 98 Ao At o4y A

A= A—

© o @O Q1) AR S ko) N2 AR A2HelA

s0]7] )&
o] 525

A AgFo] W TrueBeam FH]

of &

|

A
A
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[
I
2 o

b=}
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A
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Purpose: This study measures and compares the surface dose values in the virtual target volume using Tomo-
therapy, Halcyon, and TrueBeam equipment using 6MV-Flattening Filter-Free(FFF) energy.

Materials and Methods: CT scan was performed under three conditions of without bolus, 0.5 cm bolus, and 1
cm bolus using an IMRT phantom (IBA, Germany). The Planning Target Volume (PTV) was set at the virtual tar-
get depth, and the treatment plan was established at 200 cGy at a time. For surface dosimetry, the Gafchromic
EBTS3 film was placed in the same section as the treatment planning system and repeated measurements were
performed 10 times and then analyzed.

Result: As a result of measuring the surface dose for each equipment, without, 0.5 cm, 1 cm bolus is in this
order, and the result of Tomotherapy is 115.2+2.0 cGy, 194.4+3.3 cGy, 200.7+2.9 cGy, The result in Halcyon was
104.7+3.0 cGy, 180.1£10.8 cGy, 187.0+10.1 cGy, and the result in TrueBeam was 92.4+3.2 cGy, 148.6+5.7 cGy,
155.8£6.1 cBy, In all three conditions, the same as the treatment planning system, Tomotherapy, Halcyon, Treu-
Beam was measured highly in that order.

Conclusion: Higher surface doses were measured in Tomotherapy and Halcyon compared to TrueBeam equip-
ment. If the characteristics of each equipment are considered according to the treatment site and treatment pur-
pose, it is expected that the treatment efficiency of the patient will increase as well as the treatment satisfaction
of the patient.

» Key words: Surface Dose, Halcyon, TrueBeam, Tomotherapy, Gafchromic EBT3





