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diation Therapy, SBRT), A|7]Z @A & (Intensity 2= Qlth= AFA-L 7K A QUE) o= AA) 2 A9 T3k HEAL
Modulated Radiation Therapy, IMRT), 2% 3] A TZS HASs1L, WA X Jo) upE HARL-S Fo]
A WA A & (Volumetric Modulated Arc Therapy, ALY 449] A AR 7=t Q3% kS §Ht©
VMAT)} Z-2 A1 712 thgZeido]el(MultiLeaf T3, thid Aolel WA= Aloll= EelHE 219
Collimator, MLC)E ©o]&3}o] A&l 8 Hujje} s #Z)A5}2} Island block techniqueE o83l E4 39
T 47 22 (Orang At Risk, OAR)] thgh 74+ ool A AlRtelal =5 OARS W O sPHA Fi}4]
Ao} ARl TF Ao & 7HesHA gt Ql FFA] BE 7D 4= ek
IMRTS} Bl g-S wf VMATE= AMIES 3605 3]4A]7] AR AR A A A8l (Raystation, ver, 11B)of|A]
o AP S] ot ke FAl] 28] BAtelal & A¥ske 534 BY 715 (Separated Beam Target—

]
TR FEjo] ol gt AEE o% dsh 3T ing)& o]85te] A|=8AE 18 sto] ARALS g H
$(Treat Functionality VMAT, TF-VMAT), Z} Arc ‘?:jé
U2 targetS A48k, 2129 Targetol] gk margin &
o] 7}%’5}‘3}

oo & AtolA= v Holete] WA R Al
VMATS 0]3‘}04 92| %5 A)&24(Planning Target
Volume, PTV)Z ZARIS 79 (Non-Treat Function—
ality VMAT, NTF-VMAT)®} 2| 2248 53} 5lo] 2|8
A& ot Z-$-(Treat Functionality VMAT, TF—-VMAT),
A= F919] 91x12}F A 71e] Aje] wek AT 9=
Faslel 4= Q= A8 AR skl o]& vl 245}
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— Raystation (RaySearch Laboratories, ver, 11B,
Sweden)

— CT simulator (Aquilion LB, TSX—201A, Toshiba,
Japan)

— Arccheck phantom (Sun Nuclear, USA)

— MIM Software System (Maestro ver, 7.1.7, USA)

— Mobius 3D (ver. 4.0.1, Varian, USA)

2. X2AEEXN MY

Arccheck phantom& ©18-51¢9 1 mm CT(Computed To—

Fig. 1. (a) X axis of planning target volume, mography, CT)Bd& BH5%T - MIM software S 53 PTV
(b) Y axis of planning target volume, £ A9}, A& 35 cm?l 98 FEe] PTVE X(Right—

(c) Z axis of planning target volume Left), Y(Superior—Inferior), Z(Anterior—Posterior) &S
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Fig. 2. (a) NTF-VMAT of X Axis, (b) TF=VMAT of X Axis, () NTF=VMAT of Y Axis, (d) TF-VMAT of Y Axis, (e) NTF-VMAT of Z
Axis, (f) TF-VMAT of Z Axis

2 217} 2 cm, 4 cm, 6 cm 7F2] AH(pain) 2.2 YXAIHA
31 A AL 4489 cc 2 FUsHA AAsIATHFig 1).

A Al PTVE] & AATE 30 Gy(6 Gy/
fx)2 Asielon A gA gL & AT 100% 5 A
SEAYE= l 95% o)/, 18]l FhAdsF(Maximum
Dose)o] AHAEES] 110%7} dA] s Ak

NTF—VMATE} TF-VMATE H|ws7] 9Jsto] X, Y, Z
Zo] ujz} ZF Asto) ubA) n)g] A% PTVol Raystation
9] Collapsed Cone(Ver5.6) ¥ale]&-2 AE-5Fo] 4K}
A5ALS A, 18719] 2= A=l thsf B]wsh
AcH(Fig. 2).

6 MVE] A& o]-§sto] 2JxHEo] 360°¢1 271
Arc Beam& AAe19al, A AFS 2A4dsh] $s)
PTVE] 912 A E J1ejsto] X, Z5-2 Z2HEE 90°%,
Y52 0°& A7sl3irhFig. 3).

(b)

Fig. 3. (a) X, Z Axis Collimator 90°
(b) Y Axis Collimator 0°

25



AR X 58}3] %] 2023 ;35 : 23~31

Table 1. Results of Gamma Index Measurements

(Unit in radio : %)

Case NTF-VMAT TF-VMAT

X 2cm 100.0 98.7

X_ 4 cm 99.9 97.6

X 6cm 99.9 99.2

Y 2cm 100.0 99.8

Y_4cm 100.0 100.0

Y_6cm 100.0 100.0

7 2cm 100.0 99.3

7 4cm 99.7 98.6

7 6cm 99.0 99.0
*NTF-VMAT:Non—Treat Functionailty—Volumetric Modulated Arc
Therapy

T TF—VMATTreat Functionailty—Volumetric Modulated Arc Therapy

2) Z0iX|4(Gamma Index)

1870¢] AAke} A5 AlgS A 7H57](Linac Acceler—
ator, Versa—HD, Elekta, Sweden)Z Delivery Quality
Assurance?tgS APt om, ttE =Wl (Multi-
Leaf Collimaotr, MLC)

log file 7|WF £4 A]AEQ] Mobius 3D& ©]&35}
LRl eE 2431908 9 American Association of
medical Dosimetrists®] TG-119 Wz} ZlA]== 3%, 3
mm&]| &1-8-22}0] TS 95%E G5t (Fig, 4).10

3) XMME FA

MIM software?] ‘Create contours from isodose
curves 7|5 ol-&sto] WA A5 AFo] A FHa
(Dose Distribution)S =AEk9] 10 ~ 70% 714, 10%
HA9] F2(Contouring) .2 MO A2l-& 5}
o] Hlwsk3iet,

A)4*(Conformity Index, CI)[4] 1],

AeF+2 24> (Homogeneity Index, HI) [4] 215
SFATH 12 o= CI ZHF HI ZF 25 1,00 77242
Ao o] ARl A 3zl Lrehdith
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Coronal Plane at 0 em from Max Dose

Vertical Dose Profile

m NTF-VMAT

u TE-WMAT
- Ve 2]
Cl = TV [41]

Vit = Volume of the reference isodose (cm?)

TV = Target Volume (cm?)

Imax

RI
Imax - Maximum isodose in the target (Gy)

___________________ [412)

Hlrroc =

RI : Reference isodose (Gy)

2l

1. ZOXI

Mobius 3DE 53] NTF-VMATS} TF-VMAT2] DQA
S0 A3 T 18709 ket A= AZ9) HpA|
S5 97% O R 3%, 3 mmO] B8 X0] FIEE

95% S =351 tH(Table 1, Fig 5).
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2. XMZF Q9 (10 ~ 70% Isodose Curve) 1) X&(Righ-Left)

NTE-VMAT3 TF-VMATS] A4te} A5 A=l A X3 2 cmollA] 7P 2 2holE BYH 21 Gy(70%) 3
W A45E] 10% ~ 70%2) ARF-E -3} sto] A4S ot 9O -18.6%, M AL Rol2 Hel 6 Gy(20%) A
AL EASEA Table. 2) 2 -47%E Uehgeh X3 4 cmolHE AP 15

Table 2. Comparison of Low dose Volume(cc) between NTF-VMAT and NTF-VMAT in X)Y,Z Axes

(Unit in radio : cc)

Case 21 Gy 18 Gy 15 Gy 12 Gy 9 Gy 6 Gy 3 Gy
(70%) (60%) (50%) (40%) (30%) (20%) (10%)
NTF-VMAT 169.7 2339 330.2 519.4 968.6 1804.9 2660.2
X_2cm TF-VMAT 138.0 196.9 285.9 4577 856.1 1718.6 24949
Difference(%) -18.6 -15.8 -13.4 -118 -11.6 —47 -6.2
NTF-VMAT 145.6 208.4 340.1 548.0 1156.1 1918.6 2707 .4
X_4cm TF—VMAT 130.7 173.0 2529 464.1 1084.1 1875.3 2611.6
Difference(%) -10.2 -16.9 -256 =153 -6.2 =22 -35
NTF-VMAT 1482 202.6 2949 477 4 1126.1 21102 31128
X 6cm TF—VMAT 118.2 1529 214 4 3359 589.4 1415.8 2387.9
Difference(%) —20.2 =245 =272 -29.6 —47.6 =329 -23.2
Case 21 Gy 18 Gy 15 Gy 12 Gy 9 Gy 6 Gy 3 Gy
(70%) (60%) (50%) (40%) (30%) (20%) (10%)
NTF-VMAT 144.3 186.6 256.5 392.6 710.2 1724.6 4655.6
Y 2cm TF—VMAT 123.0 156.6 2137 326.5 594.0 1532.5 3837.6
Difference(%) -14.7 -16.0 -16.6 -16.8 -16.3 -11.1 -17.5
NTF-VMAT 1431 185.0 2525 382.6 681.3 1618.6 4478.9
Y_4cm TF-VMAT 1224 1549 210.3 318.3 568.0 1376.9 3890.1
Difference(%) —14.4 -16.2 -16.7 -16.7 -16.6 -149 -13.1
NTF-VMAT 140.6 180.6 246.1 371.1 656.8 1535.6 4393.8
Y_6cm TF—VMAT 129.0 163.3 2213 334.3 594.8 1422.8 3912.0
Difference(%) -8.2 =95 -10.0 -9.9 -9.4 7.3 -10.9
Case 21 Gy 18 Gy 15 Gy 12 Gy 9 Gy 6 Gy 3 Gy
(70%) (60%) (50%) (40%) (30%) (20%) (10%)
NTF-VMAT 172.3 2579 370.8 581.4 1094.4 19849 2803.1
Z 2cm TF—=VMAT 136.1 1829 278.5 500.8 1019.5 1794.1 24923
Difference(%) -21.0 -29.0 -249 -13.8 -6.8 -9.6 -11.0
NTF-VMAT 168.1 2422 389.3 666.5 1375.9 21727 2963.1
Z 4cm TF—VMAT 135.1 180.0 270.1 523.5 1179.1 1973.2 2567.5
Difference(%) -19.6 -25.6 -30.6 -21.4 -143 -9.1 -13.3
NTF-VMAT 158.1 2241 3481 618.0 1289.3 2082.4 2852.4
Z_6cm TF-VMAT 128.1 167.5 239.5 3925 777.0 1753.6 2503.4
Difference(%) -189 -252 -31.1 -36.4 -39.7 -15.7 -12.2

*NTF—-VMAT :Non—Treat Functionailty—Volumetric Modulated Arc Therapy
T TF—VMAT: Treat Functionailty—Volumetric Modulated Arc Therapy

27



NEPIAMAR] 58F3] %] 2023 ; 35 © 23~31

Gy(50%) Fo] -25.6% 2 7P & Aolg HIIL, 6
Gy(200%)071 A -2.2%% 714 A& ol & el uiA)
PEO. 2 X5 6 cmolA= AAIR 9 Gy(30%)°l1A1 -47.6%
2,21 Gy(70%)0l1A 20.2%= LeRd,

2) YZ(Superior—Inferior)

Y= 2 cmollA 7P 2 AkolE EPE 3 Gy(10%) 9
42 -17.5%, 7 A2 AolE HSl 6 Gy(20%) ¥
2 -11.1%2 YERTE Y& 4 cmollAls e 12
Gy(40%) 9ol -16.7% & 714 & Zol& B, 3
Gy(10%)°1A -13.1% 2 714 AL 2polE Yehglch
ORAEEO 2 YS 6 cmollAE AT 3 Gy (10%)l1A]
-10.9%=, 6 Gy(20%)°l|A] -7.3%= LERGTY

3) Z&(Anterior—Posterior)

73 2 cmOlA] 71 - ZolE HAH 18 Gy(60%) G-
29.0%, 7} 22 x}o]E 121 9 Gy(30%) P2 -6.8%=
UERTE 2% 4 cmollA= AGARF 15 Gy(50%) gelo]
-30.6% = 71 2 Aol K, 6 Gy(20%)o1A] -9.1%
2 7P A2 Zolg YERHSITE vAHke 2 7% 6 cmoll
A AAATF 9 Gy(30%)°lIAl -39.7%%, 3 Gy(10%)ol|A]
-12. 2% VeIt

4) MZER |, MR EIX|S

CI & NTF-VMATOIA X, Y, Z% ZZ}F s 0.96,
0.97. 097, TF-VMAT= X, Y, 7% Z¥2}F 35 0.97, 0.96,
0.97 ©]9).2H, HI #=> NTF-VMATOA] X, Y, Z% 2 &
217y W4t 1,03, 1,03, 1.03, TE-VMATOIA X, Y, 2% 7
Z} g3t 1.04, 1.03, 1.040]H(Table 3).
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TF-VMATS} TE-VMAT 7-$ 24} Aefo] PTV
o 95% EFeles A8 AYS 4FseloH, CI 4k 2
o 2%, HI gk 2t 0.97% 2}ol& Ho] PTVOl thglh 4
0] QA7) AR et} AEAlSg= NTF-VMAT
9} TF-VMAT & Agol|A Z¥7F Bt 99.8%, 99.1%=
UER o, o]= AlgH 2 AR AR 2APL & o]
o] 4= Q& AARRIT
AAeF QoS NTF-VMATZ TF-VMAT H|al Z30]
A AHE A7Fe] 10 ~ 70% AFg o2 AJAJsto] A
EA51cE ] 5 CT ©ell PTVZ) $
28] Y= Y= A7 AFL Y= 2 cm A7 AE0A 3
Gy(10%) Qo] NTF-VMAT A& A=t} TF-VMAT
A5 AZoNA FHd -175% & Aaskqict B 59 CT
S PTVZ}E QIRJ8 = X, Z59] 9, X5 6 cm A
2 ADA 9 Gy(30%) Ao] -47.6%, Z3% 6 cm A=
AlZolA -39.7% HAask3iet o &l v 5 CT ¥

Mo

Table 3. Comparison of Cl and HI between NTF-=VMAT
and TF-VMAT

Case NTF-VMAT TF-VMAT Difference(%)
7Z_6cm CI HI CI HI CI HI
X 2 cm 0.97 1.03 0.98 1.04 1.03 0.97
X 4cm 0.96 1.03 0.97 1.04 1.04 097
X 6cm 0.97 1.03 0.97 1.04 0.00 0.97
Y _2cm 0.97 1.03 0.95 1.03 | —2.06 | 0.00
Y_4cm 0.97 1.03 0.96 1.03 | -1.03 | 0.00
Y_6cm 0.97 1.03 0.97 1.03 0.00 0.00
Z 2cm 0.98 1.04 0.98 1.04 0.00 0.00
7Z_4cm 0.97 1.03 0.97 1.04 0.00 0.97
7Z_6cm 0.98 1.03 0.97 1.04 | -1.02 | 097

*NTF—VMAT:Non—Treat Functionailty—Volumetric Modulated Arc
Therapy

T TF—VMAT:Treat Functionailty—Volumetric Modulated Arc Therapy
§ CI:Conformity index

¥ HI:Homogeneity index
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Usefulness assessment of the Volumetric Modulated Arc
Therapy technique for reducing low-dose areas during
radiotherapy for patients with multiple metastatic cancers

Department of Radiation Oncology, Yonsei University Yonsei Cancer Center

Yun-won Choi, Dong-min Jeong, Se-young Kim, Ryeong-hwang Park, I-ji Kim, Yong-wan Cho, Yong-
jae Kwon, Byeol-nim Park, Gyeong-min Yoo, Ho-kyung Moon, Dong-jae Jang, Jae-young Lee, Da-
young Lim, Sang-gyu Lee, Jong-geol Baek*

Purpose: The purpose of this study is to evaluate the usefulness of Non-Treat Functionality Volumetric Modu-
lated Arc Therapy[NTF-VMAT) and Treat Functionality VMAT(TF-VMAT] treatment plans in reducing the low-dose
area during radiation therapy for patients with multiple metastatic cancers.

Materials and Methods: The study was conducted on an Arccheck phantom, treatment planning target locations
were set in pairs at intervals of 2 cm, 4 cm, and 6 cm on the X, Y, and Z axes. Based on these location settings,
the volume of the low-dose area in NTF-VMAT and TF-VMAT was measured and compared.

Results: The results of the study showed that, within a prescription dose range of 10% ~ 70%, the difference
in low-dose area volumes across each axis was as follows: On the X-axis, there was a maximum difference
of -47.6% and a minimum difference of -2.2%. On the Y-axis, there was a maximum difference of -17.5% and a
minimum difference of -7.3%. The Z-axis showed a maximum difference of -39.7%, with the smallest difference
being -6.8%.

Conclusion: In radiation therapy for patients with multiple metastatic cancers, the TF-VMAT treatment plan was
able to reduce the low-dose area by 10-40% compared to NTF-VMAT. This suggests that utilizing Treat Function-
ality, which includes the Island block technique, improves dose distribution and minimizes side effects, making it
beneficial for the treatment of patients with multiple metastatic cancers.

» Key words: Non-Treat Functionailty-Volumetric Modulated Arc Therapy, Treat Functionailty-Volumetric Modu-
lated Arc Therapy, Island block technique
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