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1. 2 M=

— VitalBeam™(Varian, USA)

— Millennium120 MLC™ (Varian, USA)

— Portal Vision aS1200 Imager™(Varian, USA)

— Portal Dosimetry Application™(Ver, 13,6, Varian,
USA)

— AASIA] 8 A1 E A ~B)(Eclipse Treatment Planning
System Ver, 13,6, Varian, USA)

— Excel 2010(Microsoft, USA)

— MAT LAB(MathWorks, USA)

2. CH2 2tx}

Vital Beam™(Varian, USA)2. & JTE o]&3}o] A g5
Hko. thHbA] k] Ho|(Multiple Brain Metastasis) 2HA} &
67l o)/Fe] Fkol AP =717} 14X 14 cm? o1/l
34} 1082 thAate & 319ITHTable 1, Fig, 1),

81 o] HPAEE Hin AR R AR S 7o) it e AgAE 24
7¥s} A} sk oA HAkSEA] 2 AlZ A ~El(Eclipse Treatment Planning
System Ver, 13,6, Varian, USA)2 o]-8-5}3it}.
VMATZ 0.5 cm®] ¥4 oJX|(Target Margin), 600
Table 1. Patients characteristics
Field Size(cm?)
Patient No, Number of Tumor Total Dose (cGy)
cw' ccwt
1 14 18.1 X 16.5 18.3 X 16.5 4000
2 8 12,1 x 144 12.1x 144 4000
3 10 17.0 X 16.5 16.2 X 16.5 4000
4 6 14.8 X 15.0 149 % 15.0 4000
Multiple Brain 5 10 17.9 X 19.0 18.0 X 19.0 4000
6 15 18.1 X175 18.1x 175 4000
7 9 13.8x15.5 14.1 X 15.5 4000
8 10 14.6 X 15.0 14,6 X 15.0 4000
9 8 145X 16,9 143 X169 4000
10 14 14,6 X 16,5 14.6 X 16.5 4000

‘Clockwise, TCounter—Clockwise
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Fig. 1. Vital Beam™(Varian, USA)

MU/min®] A=FEE 400 cGy= 103 A4 F 4000
cGy7t 2AHE 4= Q=5 AR Askalor, 3607 3
AL 7P 2] arcS ol g3tk
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ol= JTO| AR oo Aiglo] 2|23} I
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sz sk 9] Stely, w10 0
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Fig. 2. Portal Dosimetry

JTS} FIE 083t 248 VMAT JAISIK S A1 2S =9
519111 Vital Beam™9¢] EPIDE ©]-835}o] &4 & Portal
Dosimetry Application®. 2 Z}z2ro] AR 2 4| 9]
HoRAleE EA8IL Bl 7155 of-85to] JTet o) &
ik A= Blaste] & AL A0 x| 9
g o1& AT AP 3 %, 3 mm, 4]

795 %2 518 7o 2 AAsI3ithFig. 2).

A7 0l tiet g7 = AR S A EA A
oA A& 2l2r4(Dose Volume Histogram, DVH)&
ALg-5ke] vlwskgom JT9F Fjofl AWl (Parotid), AJA1
Z(Optic nerve), =4A|(Lens), w=(Eye), AA1HRZXHOp—
tic chiasm), ¥]8}=A|(Pituitary), | &7]|(Brain stem)2]

Dmean-q— Dmax ] ld 7]—‘8}(})\3\]_;}-

4) RN I, MEER RIS
AT Z A 9 93] (International Commission
on Radiation Units and Measurements, ICRU) X 37A]
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625 7|50 2 =5 A¥-L-4(Planning Target Volume,
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Fig. 3. Max. Dose Difference using Portal Dosimetry evaluation
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A A (Clockwise, CW)ollA Zth 100 %, &4 95.8
%, Hat 98.3 %o|H WA (Counter—Clockwise,
CCW)ellA 2l 100 %, 2|4~ 95.9 %, Bt 98.6 % 3
& 7|0l Sk

FojAlEF 2Fo]i= Leaf End Transmission®] @85 3
ol| A A|AYEEL 2T 984 %, B 43.6 %, HHAAYEE

Table 2. Measured results of Gamma Index and Max.

Dose Difference (Unit in ratio : %)

Multiple i il Dose Ir\DAi;Zrence'
Brain
cwt ccwt Ccw CCW
1 99.8 98.6 42.5 52.8
2 100 100 6.2 5.3
3 98.5 98.7 432 40.9
4 95.8 97.7 55.2 61
5 98.4 98.8 452 37
6 96.7 97.9 70.9 57.8
7 100 100 2.1 9.7
8 99.7 99.7 243 29
9 96.2 95.9 98.4 67.9
10 98.9 98.5 48.1 49

“‘comparison of JT and F] Measures
TClock wise, TCounter—clock wise
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Fig. 4. Gamma Index and Max. Dose Difference using Portal Dosimetry evaluation

Table 3. Relative rate of OARs between JT and FJ-VMAT

Dmax Dmean
Organ Relative rate(%) ; 5 Relative rate(%) . 5
Average+SD" Max Average+SD" Max
Rt, Optic nerve 12.59£12.45 36.07 4.79 0.0009 18.10+14.73 42,63 6.46 0.0001
Lt. Optic nerve 13.64+13.80 41.09 4.27 0.0020 19.59+16.56 50.90 5.66 0.0003
Rt. Lens 39.80£17.43 66.03 3.46 0.0070 41.71£16.86 59.71 4,09 0.0020
Lt, Lens 35.77+£17.17 55.07 3.69 0.0040 36.79+15.75 57.54 4.43 0.0016
Rt, Eye 19.36£14.62 40.90 3.27 0.0090 31.01+14.09 5091 5.58 0.0003
Lt. Eye 18.62+£15.33 50.58 4.49 0.0010 27.61£1593 59.28 6.52 0.0001
Rt, Parotid 29.04£15.59 55.30 6.78 0.0001 38.86+19.21 62.79 5.89 0.0002
Lt, Parotid 33.08+22.99 74.59 6.09 0.0001 38.44+18.86 65.23 5.83 0.0002
Pituitary 8.64+11,06 29.85 3.67 0.0050 9.85£12.42 34,38 371 0.0040
Optic chiasm 6.16+8.80 2493 3.33 0.0080 8.20£10.97 30.00 3.49 0.0060
Brain stem 2.84+4.94 15.36 1.84 0.1000 7.70£10.19 27.90 3.66 0.0050

‘standard deviation

2 Z|t) 679 %, Bt 41.0 %E SH=UcHTable 2, Fig. 2.84 %+4.94 %, Dinean- 7.70 %%10,19 %= 7178 2 2+

3, Fig. 4). A5k}, Eot ATk F= AUAO] DyellA] 74,59
%, Dmean®lIA] 65.23 %2 71 A 745k
2. &S| 2gt S84 T A2 AAleF oA =4
JT9} FJO| Dinax, Dmean®] Z|THgE, Bt 22848 Aol 4 vixle 2 T 4= d9oH, TA¥S
skl B Al A3} x| £715 Al BE S8 BA
Y& LA, IS5 ANE, FE A, IS = A4 20 2 §9)(p<0.05)%E FAIsHATHTable 3, Fig. 5).
WA, HEkpA), = E7)%% BE SAANEAT0NA Foll B
ato] JT7} Aol asioltt. olF oM E Fitgks &= 3. X{UMMEER|S MEFREIX|S
Ko

A7} Dimax©IA] 39.80 %£17.43 %, Dincan> 41.71 %+ JT2} FJo] AALsIx| 2 A S04 AHAEER| S Ze JTo
16.86 %= 71 AA| 1145190, ¥ E717}F Dmax©lIAl A @t 0.9281, FJollA] Bt 0.9284%1. 01 AdtEA]4
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Fig. 5. The comparison of DVHs for normal organs in jaw tracking and fixed jaw.
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Table 4. comparison of Homogeneity Index(HI) and Con—
formity Index(Cl) between JT and FJ-VMAT

Patient FJ-VMAT JT-VMAT Difference
No. cl HI cit HI* cl HI
L. 0.934 | 1.049 | 0933 | 1.049 | 0.001 0
2, 0939 | 1.053 | 0939 | 1.053 0 0
3. 0942 | 1.087 | 0942 | 1,087 0 0
4. 0930 | 1.053 | 0929 | 1.052 | 0.001 | 0.001
5. 0944 | 1.087 | 0944 | 1.087 0 0
6. 0943 | 1.071 | 0944 | 1.071 | 0.001 0
7. 0,927 | 1.042 | 0927 | 1,042 0 0
8. 0923 | 1.103 | 0923 | 1.103 0 0
9. 0.897 | 1,102 | 0.894 | 1,101 | 0,003 | 0.001
10. 0.906 | 1.095 | 0.906 | 1.096 0 0.001

T Conformity Index(CI), Homogeneity Index(HI)

- FJollA= MLCO] &A19le] tigh 71AAR] Alghe = %
AFA g BEA A0 Leaf End Transmission®] BHAYE]
L AL FAEERolgkS Ealo] goldk 4= 919t} o]
BB g Ao] 2AHE 7HsAo] lof JTE
i ghe el

A 2AF F jawZF MLC =2 e] 5H A
MLCO] BHEO @ o]E3h0 @4 £AF0)8%17]o] ujst
Dmax] ZTZES 15,36 %~74.59 %, B3 2.84 %~
39.80 % #4, Dmean®] Z|THEE 27.90 %~65.23 %, B+t
TS 770 %~4171 % 7HAaslg.om, AubAeka) S} A
FrAA g HsPE Qi) o2feh T} AR A=
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Evaluation of the Usefulness for VMAT of
multiple brain metastasis using jaw tracking

Department of Radiation Oncology, Asan Medical Center, Seoul, Korea

Kim Tae Won, Yoo Soon Mi, Jeon Soo Dong, Yoon In Ha, Back Geum Mun

Purpose : The aims of this study were to compare and assess the effectiveness of Volumetric Modulated Arc
Therapy(VMAT) using jaw tracking(JT) and fixed jaw(FJ) in radiation therapy of multiple brain metastasis.

Methode and material : Among the patients with Multiple Brain Metastasis treated with jaw tracking, 10 pa-
tients with more than 6 tumors and with the size of radiation field 14 x 14 cm? or more were included. Each Treat-
ment plans with jaw tracking(JT) and fixed jaw(FJ) was established with Eclipse (Ver. 13.6 Varian, USA). Gamma
Index (3 mm, 3 % confidence interval - 95 %) and maximum dose difference were measured with an electronic
portal imaging device(EPID). The Dmax and Dmean of Organ At Risk(OAR] were assessed and compared, and the
Conformity Index(Cl) and Homogeneity Index(HI) were evaluated.

Result : Fvaluating jaw tracking(JT) and fixed jaw(FJ) outcomes, in all cases, Gamma Index met the permissible
standard of 3 mm, 3 % confidence intervals of 95 %. The maximum dose difference value from the areas with
leaf end transmission was measured at a maximum of 98.4 % and an average of 43.6 % in clockwise(CW), and
679 % and 41.0 % for each in Counter-Clockwise(CCW). With jaw tracking, the maximum value of Dmax for each
normal organ in OAR decreased in 15.36 %~74.59 % with the average value decreasing in 2.84 %~39.80 %. The
maximum value of Drmean in OAR decreased in 27.90 %~65.23 %, with the average value decreasing in 7.70 %-~
41.71 %. No change has been found in Conformity Index and Homogeneity Index values.

Conclusion : When Jaw tracking is used in treating patients with multiple brain metastasis with VMAT, the un-
necessary exposure due to leakage and transmission of radiation in unspecified areas was reduced, without
affecting the dose distribution of the planning target volume(PTV), and the availability of radiation therapy with
lower doses in normal organs is expected.

»Keyword : jaw tracking, fixed jaw, VMAT
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