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£H S/A H 7] (TNM) CHEMO A% A A (Fx)
1 M/ 87 TINOMO RT Alone NSCLCa(Adenoca) ANT 60(12X5)
2 M/ 78 TINOMO RT Alone NSCLCa(Adenoca) ANT 60(15X4)
3 M/ 81 T2NOMO RT Alone NSCLCa(Adenoca) ANT 60(12X5)
4 M / 60 T1NOMO RT Alone NSCLCa(Adenoca) ANT 60(12X5)
5 M/ 67 T1bNOMO RT Alone NSCLCa(Sqce) POST 60(10X6)
6 F /85 T1INOMO RT Alone NSCLCa(Sqcc) ANT 60(12X5)
7 M/ 65 T2NOM1a RT Alone NSCLCa(Sqce) POST 56(8X7)
8 M/ 86 T2aNOMO RT Alone NSCLCa(Sqcce) POST 56(8X7)
9 M /90 T1aNOMO RT Alone NSCLCa(Sqcc) POST 60(12X5)
10 M/ 74 TINOMO RT Alone NSCLCa(Sqcce) POST 60(12X5)
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Table 2, The turning angle used in therapeutic planning
which is used for anterior chest wall,

(Unit : °)

VMATs VMAT10 VMATDual
Section 1 Section 2 Section 3
(6MV)
Pt1 180~170 180~170 180~250 255~40  45~165
Pt2 180~170 180~170 180~318 324~86 92~170
Pt3 180~170 180~170 180~230 236~20 26~170
Pt4 180~170 180~170 186~310 315~90 98~170
Pt5 180~170 180~170 180~315 325~90 96~170

Table 3, The turning angle used in therapeutic planning
which is used for posterior chest wall,

(Unit : °)

VMATe6 VMAT10 VMATDual
Section 1 Section 2 Section 3
(10MV)

Pt1 180~170 180~170 180~280 287~140 146~170
Pt2 180~170 180~170 180~250 256~50 56~170
Pt3 180~170 180~170 180~270 274~120 126~170
Pt4 180~170 180~170 180~290 296~140 150~170
Pt5 180~170 180~170 180~250 256~140 146~170

2. VMAT Planning
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Fig 2, Plannig of Posterior chest wall tumor
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Table 4, The alternation of dose index of tumor depending on the energy of tumor that has been grown on anterior

chest wall.
CI HI Maximum Dose (Gy)

6MV 10MV Dual 6MV 10MV Dual 6MV 10MV Dual
Pt 1 1.43 1.35 1.33 1.27 1.24 1.21 69.23 71.78 69.42
Pt 2 1.54 1.47 1.49 1.16 1.18 1.18 67.94 60.73 66.04
Pt 3 1.34 1,46 1,16 1.18 1.23 1.17 66.34 66.35 64,57
Pt 4 1.35 1.30 1.33 1.17 1.14 1.14 66.52 66.31 65.08
Pt5 1.32 1.33 1.34 1.15 1.18 1.14 66,10 66,07 65.24

AAR 3 HAZ7RE o] &3 ABAGdA A=F Al cmotbefoll Ak Jtt. A58 H o] Bl T HE= &

¢F(Dose constraint) b= AL X2 o AF A HE Akgho]] tisi A BASHY] Y5ke] 2xFY o] A st A
(RTOG) A A3 Q1 RTOG-0813, RTOG-09159] ¥ F-& Ho|& Alolols 1A M-S YA A, T3, 7
k& At gl A AR 203 F4E 718ty 23S FAE] ffst

¢

of 1A WE S 22k o] A2’ el AXAH AL, A -
3. Dose Measurement FE 77 8] (Source-to-Surface Distance, SSD)Z 100cmE
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AgA G ol A vebd o] Exof AA SAtellAl A AFEEE ST F USSR [Fig 3,4]
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2 S Akt 7 ArcollA] AEEE Mege] 24 GERMANY)E X| 24| 8elx YAE A2 x5 A2 7)9

]
< Hsto] 2ab9l o] e vl A mRT MatriXX, IBA  AEE FUsHA ARat3int. 7 gkatelx] A A 5A19
Dosimetry, Germany)& A&} itt. 22kl o] &7 23} uf AEE 2249 o]t vl Gell LS 2R S F
e 22kl AFREE S5k 0= Wil 2xe & vk 2ak4d o] et R g5 24474 o] Arco] &
2] A7NE ALF F1020709 ol 2 degto] widE o ol AbHC g A BE= A8 AFlA AlrteE F Bla
o} f-2 A (Active area)S 24,4 X244 cm*o]al, f-2 3 3}7] 93] Omni-Pro IMRT(IBA Dosimetry, Germany) X &
(Active-layer)& 23}9] o] 2 A g|ghuj Aol s o2 HE 03 23] TmpA ¥ (Gamma index)®X S AFESle] 24 =

}14

N
®
x

Fig 3.

Dose measurement system (T
mRT MatriXX, IBA Dosimetry,
Germany)
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Fig 4. Set up of Dose measurement system
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& YERYLE. [Table, 4, Fig. 5]
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Fig 5. The alternation of dose distribution of tumor depending on energy of tumor that has been grown on anterior

chest wall. ((a) is Comformity Index,
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(b) is Homogeneity Index)
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Table 5, The alternation of dose index of tumor depending on the energy

CI HI Maximum Dose (Gy)
6MV 10MV Dual 6MV 10MV Dual 6MV 10MV Dual
Pt1 1.26 1.29 1.24 1.15 1.14 1.13 60.95 61.73 60.62
Pt 2 1.63 1.45 1.23 1.21 1.30 1.19 70.19 70.44 68.80
Pt 3 1.33 1.29 1.24 1.17 1.18 1.17 66.31 66.29 66.49
Pt 4 1.21 1.22 1.14 1.16 1.19 1.13 65.62 66,37 65.06
Pt5 1.25 1.32 1.25 1.17 1.14 1.14 61.63 61.25 61.35

Table 6, The average dose distribution of normal organ
depending on the energy of tumor that has been
grown on anterior chest wall,

VMATe6 VMAT10 VMATDual

V10(%) 9.5 10.54 11.14

Vs(%) 17.14 17.46 18.12
Trachea(cGy) 532.92 571.94 478.92

Heart(cGy) 15.23 10.2 13.57
Spinal Cord(cGy) 212.73 189.43 224.43
Esophagus(cGy)  579.28 577.95 521.63
1% Rib(cGy) 3400.37 3449 37 3342.27
2" Rib(cGy) 3574.7 3456.6 3405.55
Lung(cGy) 313.05 328.25 324.78

Table 7, The average dose distribution of normal organ
depending on the energy of tumor that has been
grown on posterior chest wall,

VMAT6 VMAT10 VMATDual
V10(%) 16,03 17.17 14.63
V5(%) 32.37 32.43 30.43
Lung(cGy) 560.77 579.6 548.2

1" Rib(cGy)  3033.07 2964.8 2800.23

2 Rib(cGy)  3304.1 3351.43 3189.07

3" Rib(cGy) 3258.3 3211.95 3032.15
4 Rib(cGy)  763.8 870.8 773.4
Spinal Cord(cGy) 757.8 916.8 753.67
Esophagus(cGy) 549.07 505.43 582,63
Heart(cGy) 546.05 533.605 470.45
Trachea(cGy) 31.9 23.95 26.75
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oA BF oAk e o] e A3 kS vER I
[Table, 5, Fig. 6]
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Fig 6. The alternation of dose distribution of tumor depending on energy of tumor that has been grown on posterior

chest wall,  ((a) is Comformity Index,

(b) is Homogeneity Index)

40 4
35 1
30 4
25 1
20 1
15
10

-- BMY
- 10MVY
Dual

Trachea Esophagus 1stRib 2nd Rib

V5

V10
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% DVH Prescription
0% 20% 40% 60% 80% 100% 120% 140%
100% { T T T T T
s0% f|| 4
)_\ '\\
80% fl ! "
| Y
70% T ‘},‘ =
g 0% Fpi e e
® R i
£ 50% |\~ Ny :
3 L2 3 A 1
30% | N X
20% | ““‘; B 08 1{
10% [ ; = B oo
0 900 1800 2700 3800 4500 7200 8100 3000
Dose
Fig 9. Dose Volume Histogram of anterior chest wall tumor
& gh vEhilol A A 25 A4 B o] DREE Aol Aolsh flor Hze] B Aol FHE 54L
Aoago] QAT BT 5 A [Fig, 12 S, olela ¢ a4 aven AR Bt
ZplAl vebg = Sl FAgol 433s w74 =
W& 7shs dAkEo] 7 vis) oyl =AU
A= A AR A A9H A RS H 85 Brf
%4 aWa 2ol Yo Rl Ud AR Bashx
Z7] AL gAke] wapa iliﬂl*i A AR Age W AAek el g Fa8E EY F lvh 3 AR
ds T83 Am WY Amidai et 271 @G FHQ] FEo AT FeA QG B as s o
@9l AT FFS DI dom WOE O AL B AEE Holm 90w, B Bl A FAE

94

)

i)

&R
o e [

o> off o % 5= +
offt offf mi [0 o) oZ

=



YYE 2 321 - H 2t SR HAMHAIM X2 Al 0|F O|LAIE 0S8 A2 WY FEY HIt

0% 20% 40% 60% 80% 100% 120% 140%
100% g T T T T = T T

90%

80%

70%

60%

50%

40%

Volume (%)

30%

20%

10%

St DR T ' . '

1800 2700 3600 4500 5400 6300 7200 8100 9000

Dose

Fig 10, Dose Volume Histogram of posterior chest wall tumor

st

ition / Dose x
[0 v:[ 128 cm| Signal:  92.3% Max | Resc
12.0

8.0 100.0 | —

J — L
4.0 SCOS] // \ I
it 60.0 —| \\%\ -

0.0 I I I
-4.0 \\
8.0 20.0 ,_/,_—7// = SSU I | L

0.0 —hrrfor
] o i e et et Mt Bl o o] A B el i ] e el ] M o ) i Mo i =) i bt i i ot Wl it it |
8.0 -40 00 8.0 160 120 80 40 00 40 I 16.0

[em] X [em] X

X
975.5cGy Max | Resc
Y

on / Dose
x [0Z v [ | vz T2 | em

St R3% Sz 936% | 81-82| 1.3% (bbb bt bR e bbb e bl s e

X:

Do

EYB Positior e
X 0.25 V: 1.24 cm | Dose:

£ >>INVAL Position / Dose

X 0.25 V: 1,24 cm | Signal:

021

e C O T EERE SRS EXE R
7] FHRZ Ashe] WA

ol mhe} chekgh A EA S FH NN E BAF T AT
slokel A9t Fodel WA ol weba] A A R o] e F Qs AFREe] F3de ey I8
o WBHE L S Qitk. ol AV AUD Qe 24E  oeke SmelES st 2§ Yok

o B ATINE S 2nEL 488 A2 4
o] oM kel ol me AP BEe| WatE AvetuA

S =

S40] 7118t B 71e] B9 AnzHow of
! %

of B 471oh he A% ¥xo] P4 em glek o] shelk 3 2 olx] My B A

0 ™ o M
1)
T

95



CHEHAMMA| 2 BL5|R| 2016 ; 28(2) : 87~99

X [028 v ] Y2 cm

Sh: R3% S 936% | 81-821 1.3% e b e R e R e e e Bt e el el
¥

\Eition / Dose x
X[ 025V T.24 cm | Signal:  92.3% Max | Resc
12.0 -
8.0 100.0 - —

40 80.0 IF =
0.0 60.0 / C
40 40.0 | J ! ‘\\ [

20.0 — = -

8.0 B

0.0

e Vet e i i e o e i s L |

-8.0 -4.0 0.0 8.0 -16.0 -12.0 -8.0 -4.0 0.0 4.0 8.0 12.0 16.0

[em] X [cm] X

£ >>INVAL Posit

ose x
X: _u‘zs v: [ 1.24 cm|Signal: 0,21 Max | Resc

x
: 9755cGy Max | Resc
- Y

-8.0 -40 0.0 40 80 120
[cm] X [cm] X

Fig 12, The result of Gamma index depending on energy of tumor that has been grown on posterior chest wall.
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Abstract

Evaluation of useful treatment which uses
dual-energy when curing lung-cancer patient with
stereotactic body radiation therapy

Department of Radiation Oncology, Catholic University Seoul St Mary s hospital, Seoul, Korea
Department of Radiation Oncology, Catholic University Uijeongbu St Mary s hospital, Uijeongbu, Korea
Department of Radiologic Technology, Daegu Health College, Daegu, Korea

Jang Hyeong Jun, Lee Yeong Gyu, Kim Yeong Jae, Park Yeong Gyu

Purpose : This study will evaluate the clinical utility by applying clinical schematic that uses monoenergy or dual energy as
according to the location of tumors to the stereotactic radiotherapy to compare the change in actual dose given to the real
tumor and the dose that locates adjacent to the tumor,

Materials and Methods : CT images from a total of 10 patients were obtained and the clinical planning were planned based
on the volumetric modulated arc therapy on monoenergy and dual energy. To analyze the change factor in the tumor,
Comformity Index(Cl) and Homogeneity Index(HI) and maximum dose quantity were each calculated and comparing the dose
distribution on normal tissues, Vio and Vs, first ~ fourth ribs closest to the tumor (1 ~ 4" Rib), Spinal Cord, Esophagus and
Trachea were selected. Also, in order to confirm the accuracy on which the planned dose distribution is really measured, the 2-
dimensional ion chamber array was used to measure the dose distribution

Results : As of the tumor factor, Cl and HI showed a number close to 1 when the two energies were used, As of the maximum
dose, the front chest wall showed 2% and the dorsal tumor showed equivalent value, As of normal tissue, the front chest wall
tumors were reduced by 4%, 5% when both energies were used in the adjacent rib and as of trachea, reduced by 11%, 17%.
As of the dose in the lung, as of V1o, it reduced by 1.5%, Vs by 1%. As of the rear chest wall, when both energies were used,
the ribs adjacent to the tumors showed 6%, 1%, 4%, 12% reduction, and in the lung dose distribution, V1o reduced by 3%, and
Vs reduced by 3.1%. The dose measurement in all energies were in accordance to the results of Gamma Index 3mm/3%.
Conclusion : It is considered that rather than using monoenergy, utilizing double energy in the clinical setting can be more
effectively applied to the superficial tumors,

Keyword : Stereotatic radiotherapy(SBRT), volumetric modulated arc therapy(VMAT), Lung cancer, Dual energy
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