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B B3 T4 AR AY o gAY A Ho K
Aw7F "ojxie, T3t 7F HE {9 F e A=A
FHAE A8 A AR F A= A”Y] A
A= Fato] oAt gt &= Qlrk, ol2fgt o] 2 2
oA sho] A8AGFAHS AHEsH] 45 F= o
ol A =6tz ERElE 2 oFS {0 2hAke] AR
Aol 285kl Qlk ERH = G HAM A
= (Image—Guided Radiotherapy)”} 755 A7
Z WA X&E (Intensity—Modulated Radiotherapy)
5 Aldsk= FHIEA 64709 2¢8 dEd v S

N1

o|§ (Binary Multi—Leaf Collimator)E E3f £ %
Ao A HxE Ao B4 24 A A A
Fs5lo] B autE 71 A 5o AW Beam On Time
o] 4r =2 MU (Monitor Unit)= 23} ¢ 44 &5
E=ItH4 9, Haleyon A% 7F57]= Jawless ] 29
9] 6MV FFF(Flatterning—Filter—Free) XAl-& A&}
Varian AF2] AH|t} Halcyone Jawless] 1%, 05
o9l SeHlold, S-&9dol 8l O-Ring Bore -,
w2 AED 34 2 PR AN A5 2 T)E
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1. Heifiz

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

— Eclipse treatment planning system (version 16,1,
Varian Medical Systems, Palo Alto, CA, USA)

— TomoHDA™(Version 1.1.0.1, Accuray, USA)

— TomoRADIXACT™(Version 1.1,0.2, Accuray,
USA)
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— Halcyon™(Version 3.0, Varian Medical System,
Palo Alto, CA, USA)
— SPSS Data Analysis Software (Version 18,00, In—

ternational Business Machines, USA)

9] CT(Computed tomography) G4+
CT @42 Wing board®} Vaclock, L-S + Knee pil—
lowE AR-gsto] 2H419] ol BHA| HE= =<4 (SUPINE
POSITION)C. & 50mm Se}olA FARE 82L&

To 7 A=A}, YA 4 8-F(Clinical Target Vol—
ume)> w4 iH O ALt &5 Y 24S X
et SRR} 473} sl Bojo) oF S i 23S X
oot &4} o= Agstnt A= AE &4 oA 34
L&A SmmE S A EHO ZHE AR BERo
& 3mm 2] Atk A8 Ag 849 Hot &4

_]
=
1210.75cm?o]t}, Z X7 A8 (Tomotherapy, Halcyon

Fig. 1. Halcyon VMAT PLAN (a) Coronal image, (b) Axial
image, (c) Sagittal image
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Fig. 2. Tomotherapy PLAN (a) Coronal image, (b) Axial
image, (c) Sagittal image

6Arc VMAT, Halcyon 8Arc VMAT)> & A A5F 42 4
Gy/163]&2 A& AlY -§212] V 40.3Gy°] 90% o)/do] &
L= AASI (Fig. 1, 2). AR AlY &4 &A%
719] A& Aok RTOG(Radiation Therapy Oncology
Group) a5 3 7hol=afele]| FE4=ato] Alglst ke,

2) XZzA=

ExE2h] 8482 Precision® Treatment Plan—
ning System (Version 1.1.1.1, Accuray, USA)= ZAPH
17guH|(Field Width, FW) 5.0—cm, #](Pitch) 0.287,
% Z|4>(Modulation Factor) 2.49] Z7° 2 X2 A3
2 Z3Y5}3L}, Halcyon VMAT(GArc, 8Arc)e] A2 A1E
2 Eclipse treatment planning system (version 16.1,
Varian Medical Systems, Palo Alto, CA, USA)& A &5}
o 6Arc VMATE] 712 A|A W8F AEZ] 200°— 160°
S} HiAA] ' ZAEE] 160°- 200° AlA ®ERo 2 Zad)
8l ZA=7} 242} 85°, 90°% /3% 2719] Arcot 25
ek = AA RF AER] 10°- 160°2F FIAIA BEF
AED] 160°— 10°2 ZeHlof8 ZH=7} 5° 355°%1 2Arc,
= e = A WEF AIEL] 200°- 35079 HHA|

]

Ay

T

d=dl 9] 5911 &4 7] halcyon VMAT

Fig. 3. Halcyon VMAT Arc (a) Gantry angle 200° ~ 160°,
Collimator angle 85°(CW), Gantry angle 160° ~
200°, Collimator angle 90°(CCW), (b) Gantry angle
10° ~ 160°(CW), Collimator angle 5°, Gantry angle
160° ~ 10°, Collimator angle 355°(CCW), (c) (b)
Gantry angle 200° ~ 350°, Collimator angle 5°
(CW), Gantry angle 350° ~ 200°, Collimator angle
355°(CCW)

A e AL 350°- 200°2 ZE|HolE] ZHE7) 5°, 355°
Ql 2Arc®  6ArcE A8t (Fig. 3). 8Arc VMAT
SHA 71&7) 6Arcet FUE A Hsto] 2+ AE

off =2 AA W AEL 10°- 160°] ZHolE 15°

NS WAL FA] F o
RS BEE FUT ALK 24 7S 48519t
3 Wt g=

371¢] 2| &A1% (Tomotherapy, Halcyon 6Arc VMAT,
Halcyon 8Arc VMAT)O]| tgt H7}= 2| &A1 &-&4]o) tjf
3} H.I (Homogeneity Index), C.I (Conformity Index)
£ B7lekSirt [Eq. 1, 2. Clis ARF £F 3|21 A
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5 Q3 SEEE ARk AdRe ARSI ClI
ICRU®|| th2 95% isodoseline ¥} x| 2 A &g-49] &
o] Hlg-oftt,

ol rroox

Dmax
HI = —F [Eq.1]
Dmax: Dose of Target Volume Max
Dx: Prescription Dose
VRI95
[ = 2 Eq.2
C. v [Eq.2]

Vris: Volume of the reference isodose (reference
isodose = 95%)

TV: Target Volume
HI= A iAo vles yebdc: HI ¢
B 100 775 o AR gholuh . &R
7H B7rE FZ Aol thell Bat ATV sey, Vooey, V
156y, V 206y, V 306y 212} H1SLQIT}, Aol tigh V sqy,
V 106y, V 206y, V 306y D B AeFS 212} Blwsloltt A=
Agel &4 B7HE 918l Bea
39] Total MUE H|ws}icH (Table 2,3).

Table 1. Halcyon VMAT Beam Parameter
Halcyon VMAT
Gantry Rtn(deg) Collimator Rtn(deg)
Beam_1 200.0 = 160.0 85.0
Beam_2 160.0 — 200.0 90.0
Beam_3 10.0 — 160.0 5.0
Beam_4 160.0 — 10.0 355.0
Beam_5 200.0 = 350.0 5.0
Beam_6 350.0 = 200.0 355.0
Beam_7 10.0 - 160.0 15.0
Beam_8 200.0 - 350.0 15.0

Table 2. Average Beam On Time (sec)

4) SAHEAM

371¢] A E2 A& (Tomotherapy, Halcyon 6Arc VMAT,
Haleyon 8Arc VMAT)® tisto] X238 5} oF=
o o] Bt vaE Fo BAH $13e Awsiant
St H|a= 247 Haleyon 6Arc VMAT-Halcyon 8Arc
VMAT, Halcyon 6Arc VMAT-Tomotherapy, Halcyon
8Arc VMAT-Tomotherapy 7} AJ3§3}4T 10482] |
SAYANE HEo 2 SPSS Data Analysis Software
(Version 18.0.0, International Business Machines,
USA)E ol&ste] A4 HAPS AWkt &3k e
ol thell 79 2H& (p-value) ) 0,055 Hol F4t3=
UEn s R fgS Al 2] A7 Bt

[oRUN
1 HH 2o skl of-g- 3EE —HA (Paired t—test)S

o]-g-5}3ict.
a it
1. XIZAEEX ot CI(PTV), HI(PTV)
o =2 37§ A8 A1E] (Tomotherapy, Halcyon

6Arc VMAT, Halcyon 8Arc VMAT)Y] C = ZF2} 1.21,
1.16, 1,17 ©]%It}, Halcyon 6Arc VMAT®] 714+ 19 717}
& 718 HOZAT ERERlZ} 71 100 W 9l 1219)
A3 YERNSIE Halcyon 6Arc®} 8Arc®] CI ZH
OJu]gt zfolE HolA| Fgkovt E RE|eku e} 19] Fhof
23519k, PTVE] HI (Homogeneity Index)+= %7} &
&\t ke 22 1,07, 110, 111 2 EXHEe)7) 1,072
19 71 77kg- 3 HoJFEelal Haleyon 6Arc®t 8Arc
= Z217F 110, 1.11 2 H|S3E g YERIe -S4 2
9] CI= Halcyon 6Arc VMAT-Tomotherapy®} Halcyon
8Arc VMAT-Tomotherapy®l|A] p (p—value) = 0,052} -
AlSE Hato] G-ojulel AT-E A%It} HI= Halcyon GArc

Table 3. Average Total MU

Beam On Time Total MU
Tomotherapy 4625 Tomotherapy 7498.6
Halcyon 6Arc VMAT 195.2 Halcyon 6Arc VMAT 24942
Halcyon 8Arc VMAT 198.0 Halcyon 8Arc VMAT 2471.5

86



VMAT-Halcyon 8Arc VMAT 7} -20|gt A& 4A] &
PAT Halcyon 6Arc VMAT-Tomotherapy$} Halcyon
8Arc VMAT-Tomotherapy->- +2] p (p—value) { 0,001
O] Az {-oJu|gt AvHE AN} (Table 4),

2. &2M28%7| WIHOAR) : BOTH LUNG, HEART

W EAHES] 37 A=A
6Arc VMAT, Halcyon 8Arc VMAT)Y] & A& &4
O]V 4o36y0] O] 7|2 Fa1sto] 90% 7} HEE 5
A A7gste] &FS Aol thell Bt AF V sey, Voioey,
V 156y, V 206y, V s0cyr A EF S| AEIHS Fof vl
SHT) F= H9] Bt 27 744, 6,67, 638 2 &
SEleh7t 71 2 EatAlRe UEhgle™ Haleyon
8Arc VMATO] 7h W& vt A15-S YERITE V sy
27} 36.31%, 31.18%, 29.68% & EXEH 7} 71 &
< U9l e™ Halcyon 8Arc VMAT o] 718 W&
221 29.68%2] ANE BITE V wey= 22 26%, 21%,
19.67% &= ERE27F 7P =2 gk 26%< UERS]
61 Halcyon 8Arc VMAT ©] 714 W& 7191 29.68%9]
TS HATV isoyi= 27} 18.6%, 15.51%, 14.6% = &
Lejek 7t 7 =2 7S UERR%Le™ Haleyon 6Arc
9} 8Arc VMAT & H|S3E A1E HYTh V s= 22)
12.79%, 11.61%, 10.91% = 3714 A5 Alo] H|S=%t 4
VS WP IAITE B EE 7 7 =2 g UERSl
T} V a0y 22 4.54%, 5.38%, 5.01% = Halcyon GArc
VMAT ©] 7P =2 711 5.38% % UEhfiglon Exd|
eh7F 74 W2 gk UERgieh Aol el Bt A

(Tomotherapy, Halcyon

h',

| PTV
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Fig. 4. Comparison of Heart and Both Lung DVH (@ : To—
motherapy, B : Halcyon 6Arc VMAT, A : Halcyon
8Arc VMAT)

Q8] 9 591 F=A Fke] halcyon VMAT

>

FV sy, Vowocy, V 26y, V socyer AR
& 53l vlaskirk(Fig. 4). A2 AT
269, 251 2 Enejez ) B0 B =
U9lo™ Halcyon 8Arc VMATO| 714 W2 st Al
& YERSITE V sopi= ZH2F 17.81%, 9.32%, 7.63% & &
HeEjef 7t 7Y 2 452 UERSLCH Halcyon 8Arc
VMAT o] 7} 7P =2 3kQl 7.63%2] A5 KAt vV
ey 22F 9.3%, 3%, 2.37% & ERHEE7F M w2
T 9.3%2 YEFY©H Halcyon 8Arc VMAT ©] 714+
2 491 2.37%2] AiE HIITE V isey = 212 4.93%,
1.31%, 0.92% = ERHZ7} 7P 2 4hs el
61 Halcyon 6Arc®} 8Arc VMAT & H|S=%H
G}, V aocy= 242 2.5%, 0.52%, 0.36% o] A¥tE LEr
Aok FS YV syt BatAge] SAEA A=V
156y9141 Halcyon 6Arc VMAT-Halcyon 8Arc VMATZ}
Halcyon 8Arc VMAT-Tomotherapy°llA] p (p—value)
(0,052 frou|gt 235 YepilaL st AlF s vt
7FXZ Halcyon 6Arc VMAT-Halcyon 8Arc VMATZ}
Halcyon 8Arc VMAT-Tomotherapy©l4 p (p—value)
(0.05% F-omet 235 Yepfiltt (Table 5). 41782 vV
9 FRAO] BE ShS oA p (p-value) € 0052 £
oJu)gt A3+E Lehgiet (Table 6)

Table 4. Average H.|, C.| value and Statistics

Target

H.* (PTV) Clt (PTV)
Tomotherapy 1.07 1.21
Halcyon 6Arc VMAT 1.10 1.16
Halcyon 8Arc VMAT 1.11 1.17

Statistics (p—value)

H.* (PTV) CIT (PTV)
Halcyon 6Arc VMAT—
Halcyon 8Arc VMAT 0.297 0.563
Halcyon 6Arc VMAT— 0,001 0.02
Tomotherapy
Halcyon 8Arc VMAT— 0,001 0,052
Tomotherapy

*Homogeneity Index, T Conformity Index
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Table 5. Average BOTH LUNG Dose (Gy) and Statistics

BOTH LUNG
V5* vi0* V15* V20* V30* Dmeant
Tomotherapy 36.31 26.0 18.60 12.79 4,54 7 44
Halcyon 6Arc VMAT 31.18 21.0 15,51 11.61 5.38 6.67
Halcyon 8Arc VMAT 29.68 19.67 14,60 1091 5.01 6.38
Statistics (p—value)
V15* Dmean t
spon Sare VMAT 0004 0002
Halcyon 6Arc VMAT— 0.066 0.103
Tomotherapy
Halc?gglii:;:x”_ 0.018 0.027
*V XGy (OAR Volume(%) receiving X Gy), T Mean Dose(Gy)
Table 6. Average HEART Dose (Gy) and Statistics
HEART DOSE
V5* v10* V15* v20* Dmeant
Tomotherapy 17.81 9.3 493 2.5 4,17
Halcyon 6Arc VMAT 9.32 3.0 1.31 0.52 2,69
Halcyon 8Arc VMAT 7.63 2.37 0.92 0.36 2.51
Statistics (p—value)
V5* Dmeant
Halcyon 6Arc VMAT— Halcyon 8Arc VMAT 0.024 0.025
Halcyon 6Arc VMAT— Tomotherapy 0.011 0.008
Halcyon 8Arc VMAT— Tomotherapy 0.008 0.005
*V XGy (OAR Volume(%) receiving X Gy), T Mean Dose(Gy)
3. Beam On Time, Total MU g A=
gAF B2 378 AR AR (Tomotherapy, Hal-
cyon 6Arc VMAT, Halcyon 8Arc VMAT)2] Beam On = GHIeLe 2 CF XEAE E5S 7KL gloH
Timeo] B 7S AR W 2] 490 BE W4 9EA RS 29 4S IDCRTE )83 AR
S Z17F 4625, 190.8, 207.8 & EXH2}17} Halcyon ALl olfgt EAC R Qe 34 W99 A} Bt
VMAT(6Arc, 8Arc)Ht} 24 o]4Fo] AJ7to] 42 Hich AR waze] AL . ofidel W AFE Sl
Total MU= 212} 7498.6, 2494.2, 24715 2 EXE|2l] = 8 AR ARl o= A& 7)ol HlalE gl e

7} 71 =8 e JERle Halcyon VMATL: HIS:
Tt AvE Hodrk
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3DCRTHT} Th2 2|2 A o] A2 19, & )
217} Halcyon VMAT-S H|w513-S W] Halcyon VMAT
o] A1} S H9) W2 Hk AR W2 AlRF F 9] o

o fu
B ROl 2 ] 3717 AZ A Tomotherapy,



Halcyon 6Arc VMAT, Halcyon 8Arc VMAT)9] V sg=
Z¥7} 36.31%, 31.18%, 29.68% & 7} =2 & wH|ahuo}
Halcyon 8Arc VMAT &] zfol&= oF 6,6%2] 2}o]& XY
o)V 1say= ZH2F 18.6%, 15.51%, 14.6% & OF 4960] Xpo|=
RN SPAAT2 744, 6,67, 638 = EXH|2H]2} Hal-
cyon 8Arc VMAT 7} o= oF 1.06Gy2] x}o]5 K3t}
e A3gle HiEe = e iR R & F
2 AR AR E] Aol et A4kE
Tl K]V aIGyc] 1 1 4 e
A o] 6% 7119, HRAF] 16
N avziw 0
Al 713t Biel o] 5 %‘ﬂ"ﬂ % *% %]
WS HY RS 2= QL =
Aok, FHeF A= Al Hofl AgE= \joﬂ]' iy
248 AE v 2 H A tollAd Halcyon VMATO]
Lo} Hlawsto] #o] Awke avpAlom £ 4
o] Hr} 43k AmAZo R &8H A
Darby et al. <= 473] Bt 5184
E Abolofl A TAE Iz o PAdgo] 16y 571
mjuteh 2gEo] 74%4 71T, 371K] A5 A
2)(Tomotherapy, Halcyon 6Arc VMAT, Halcyon 8Arc
VMAT)®] A73e] Bt Alee: 212} 4.17, 2.69, 2.51 = 71
=2 EREH e} 7 W2 Halcyon 8Arc VMAT 9] X}
ol oF 16Gy folml3t ZTkE Leheick
H oA R}A| 3] =0 0}01—1]11]— onl x
CBCT= 3A-9] 4] 5l wjo] s els] JHE A
S 22X olulx] 7tol=g Fal| G A RE 715
o, VMAT 272 A=E 6 CBCTe tige]
Hoh & wEeka] o] MVCTSF 437147 (Linac) & ©]
8% KV CBCT®} H]wslSle W] imaging dose®] 7-5-
KV energyE AH8-sh= CBCTHE MV energyE A&
&= MVCT 79 thoraxollA] 1,228 =4 Yepgtio, =
HoNAE A F=A 4 Halcyon A& A] Daily KV
CBCTE Ald¥slal §lom EnHeE 33t 454 74
¢k Daily MVCTE Al8j3lal it} CBCTLF MVCTS] 4
K Aol A= et ZpolE Hlnh i 2x=2] 370
2|2 A1 (Tomotherapy, Halcyon 6Arc VMAT, Halcyon
8Arc VMAT)2] Beam On Time?] 3 7-& A4 H&
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ZASEo] ZIAL Bl 47 462.5, 1908, 207.8 =
Halcyon VMAT©o| E HH|e}a] B} oF 58002] -2 A|71o]
2 Q%|0), o]49 Haleyon © 2 {AM |25 %1948 7

P QFRER QAT AR ARF B3 A= ARE] o]e]
EARI, 44701 S H1Y] FARREA AR F
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oF BAR 0 2 et ATkE Ll

SA91719) MeFEel 2ol 8Arc ARATo]
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o] gEAto] thsllA] 6Arcet 8ArcE WSS wf 8Arc7t
Beam On Timed MU7} #4asts 412 Jef9l=
o ohz B4 AR} Qo] 918 S ofAtEc), A
o2 Al a A Re) RS A 8 E o)
A sto] Ak B4 A5 ARKEIAE. Li of
Xmg = J‘lﬁ%}—ﬂ Az A7 |2EAMIA =2} 2 e
A 317 &, AFEo] SAlo] |
Z5o] ’do WA E Aot R 770 Mo H=E F7t
Shi= =R o|Ao] EYE HE X (Modulated indax,
MI Li & Xing)E ARISFATHY, 6Arc7} 8ArcHT} AT 4]
© & Treatment Planning System®] 2] &4& Optimi—
zation PG4 F5o] F7etol ukel ¥z X7t 57}
slo] MU} <7F613al 710) e} Beam On Time©] <7}
SF Ao 2 o) 2 Atoll A vhREA] 2RQIAIRE s W

° 5 nr QA B = Wb
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F

BAOZ 7|AA 845
2] A3t agAgol Siste A 7108 ¢ 3le
o2 7|dg,

o] =22 714 AgHo]
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S}, A,
Width, Modulation Factor £4-& =3} Beam
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Purpose: To evaluate usefulness of Tomotherapy and Halcyon VMAT treatment in radiation therapy for bi-breast
cancer

Materials and Methods: For 10 patients with bi-breast cancer, volumetric modulated arc therapy(VMAT] treat-
ment plan was established using helical Tomotherapy(Accuray. USA) with field width of 5.0-cm and pitch of 0.287,
and Halcyon(Varian Medical System, Palo Alto, CA, Version 3.0 USA] of 6arc and 8arc. Prescribed dose was 42.4
Gy/16, and V 4036, of Planning Target Volume(PTV) was 90%. The quality of plan was evaluated by comparing the
dose to tumor and normal organs, and the efficiency was evaluated by comparing total MU and beam on time.

Results: About three treatment plans(Tomotherapy, Halcyon 6Arc VMAT, Halcyon 8Arc VMAT) , the mean ho-
mogeneity index(H.l) of PTV were 1.07, 1.10, 1.11, and the mean conformity index(C.I) of PTV were 1.21, 1.16, 1.17,
respectively. The average value of the dose assessment item for a normal organ is V s,(%) of both lung was 36.3,
31.2,29.7, and V 156y(%) were 18.6, 15.5, 14.6, respectively. The mean heart dose(Gy) were 4.17, 2.69, 2.51. Total MU
were (7498.6, 2494.2, 2471.5), and beam on time(sec) were 462.5, 195.4, 198.0.

Conclusion: Halcyon VMAT showed similar quality of treatment plan compared to helical Tomotherapy, while
also protecting normal organs. In addition, the efficiency of radiotherapy increased due to a decrease in Beam
On Time and MU.

» Keyword: Helical IMRT, Tomotherapy, Halcyon VMAT



