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Patient 5.

5939] gkato] thak VMAT AZS] PTVe] thgk Dose
Max:= 27} 31.87 Gy, 31.90 Gy, 31.78 Gy, 31.78 Gy,
32.00 Gy® YEa, VMAT(h)olAl= 37.17 Gy,
35.64 Gy, 35.68 Gy, 33.49 Gy, 35.12 Gy& WERIL,
VMAT(mh)ol A= 33,57 Gy, 34.20 Gy, 31.14 Gy, 32.38

Table 1. Evaluation of Dose max

Patients | VMAT(cGy) | VMAT(h)(cGy) | VMAT(mh)(cGy)
1 31.87 37.17 33.57
2 31.90 35.64 34.20
3 31.78 35.68 31.14
4 31.78 33.49 32.38
5 32.00 3512 32.62
Table 2. Evaluation of Dose mean
Patients | VMAT(cGy) | VMAT(h)(cGy) | VMAT(mh)(cGy)
1 30.83 33.33 31.09
2 30.89 32.11 30.96
3 30.87 31.88 30.80
4 30.73 32.35 30.93
5 30.80 32.67 31.33

Fig. 1. The comparison of isodose distribution in
(a) VMAT, (b) VMAT(h) and (c) VMAT(mh)

Gy, 32.62 Gy= YEPGTHTable 1),

SO 2 PTVY] HAlwkS 519 2katol thst s+t
AEFe VMAT A4 30,83 Gy, 30.89 Gy, 30.87 Gy,
30.73 Gy, 30.80 Gy, VMAT(h) Al&el|A= 33.33 Gy,
32.11 Gy, 31.88 Gy, 32.35 Gy, 32.67 Gy= VMAT(h) 7|
ol Al VMAT AZHT} 53 % =4 H71EL VMAT
(mh) AZolA= 31.09 Gy, 30.96 Gy, 30.80 Gy, 30.93
Gy, 31.33 Gy= VMAT AZXT} 0.6 % =7 B7H=3Act
(Table 2).

&0 2 gkxto] thak VMAT AlEe] PTVl Tzt CI
=125, 13, 1.17, 1.22, 1.57% B7F=%0aL, VMAT(h) 7
Flo| A= 1.44, 1.55, 1.23, 1.31, 1.55°]1L, VMAT(mh) #|
o= 1.35, 143, 1.21, 1.24, 132 F7}=3ich HI=
VMATOA] 1,06, 1.05, 1.04, 1.05, 1.06°. 2, VMAT(h)°l
A 12, 110, 1.10, 1.08, 1.132. 2, VMAT(mh)oj|A] 1.11,
1.07, 1.09, 1.07, 10822 87}=|9JtH(Table 3), PTVC] A
Y o} Akt A Aol A 58 EAF K5 VMAT(mh)
AZellA VMAT(h) AR} 945t AgF s Kol
At

Hol AA)S o @utHo g B 53 4 Q) 2 st

o] A7l tiek AFB7HE st AdiAddE 87t
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Table 3. Evaluation of CI, H

39T, VMATO| A= 0.25 Gy, 0.17 Gy, 0.17 Gy, 0.27 Gy,

Pationt VMAT VMAT(h) VMAT(mh) 0.28 Gyo.2 YElA, VMAT(h)ollA= 0.31 Gy, 0.18 Gy,
atients
a HI Cl HI Cl HI 0.18 Gy, 0.28 Gy, 0.33 Gy, VMAT(mh)°l|A+= 0.28 Gy,
! 125 | 106 | 144 | 120 | 135 | 111 0.18 Gy, 0.11 Gy, 0.23 Gy, 0.30 Gy= UEFITHTable 4).
2 1.30 1.05 1.55 1.10 1.43 1.07 VMAT 7:]]@'31}- VMAT(mh)Oﬂ/ﬂ% @%79‘7]%‘%
1.1 104 | 12 111 | 121 | 110 i} .
5 17 ] L B L : : VMAT(h)Ec} Z7}4.0 2 553} 2= 9J9lth VMAT(mh)
4 122 | 105 | 131 | 108 | 124 | 108 S PTVE 2 24| maheled 9AH712 o 5014
AT = 2H3| okshd ey &
5| 157 | 107 | 155 | 114 | 130 | 108 = [T eeert= A
o2 B35 5 Y= ABAY] 75t A E 5
UATHFig. 2).
F AR A 7] A &AZ ] A =ZAIES v uls)
Table 4. Evaluation of normal organ dose 7] $J5}¢] Beam on time¥} AA] MUE H|w3t A1}
Patients VMAT VMAT(h) VMAT(mh) VMATO A= B4t 2,274, VMAT(h)olA= B4t 3.14
1 25.70 31.40 28.00 E VMAT(mh)& 368522 B7}E9ar, 24 MUA
2 17.60 18.50 18.20 = VMATO|AE= Hat 725,60, VMAT(h)olA= 801,77,
3 17.00 18.00 11.20 VMAT(mh)2 1022.770.2 B7}5qch AA 229
4 27.70 28.10 23.50 VMAT(mh)S #8514 =H 25AEo] S7H 4= 9tk
| R § Y ™ B
| II_ '::: “ Y - ."-1 'k
l '
\“‘--_L_‘____hh |:_ .::'-, \\ - %
e —— DR 1, 4 ¥ Sy
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i m‘”h] - -
i CNRRESEE 5L T e mBRCTETe . % Fig. 2. The comparison of DVHs for PTV
and normal organ in (a) VMAT, (b) VMAT(h)
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Table 5. MU and beam on time
P VMAT VMAT(h) VMAT(mh)
MU Beam on time(min) MU Beam on time(min) MU Beam on time(min)
1 794.95 2.35 972.50 293 1079.32 3.10
2 927.17 2.67 1040.53 4.63 1160.20 5.77
3 819.12 2.00 954.35 2.73 1347.73 3.25
4 120,00 2.08 164.00 2,70 195.00 3.17
b) 966.77 2.25 877.47 272 1331.60 3.12
E= g U £5 L 2¥710) A= A1 Do) el $HAE set—up sfof sk 4
A A7 A7k Aol & o A4 Ao G, 8}
chubyg ) o] BAlo) ARe ATl B4t set up 5 W AR A7k 71 olgh Aemr) AR FEAS =
o] FAI= A =70] A=Al FRAIEH, A= A= A4 o]al HAE ARAE 4 = olde] B Atk & Aol
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Evaluation of the Modified Hybrid-VMAT for
multiple bone metastatic cancer

Department of Radiation Oncology, Gangnam Severance Hospital

Jung Il Hun, Cho Yoon Jin, Chang Won Suk, Kim Sei Joon, Ha Jin Sook,
Jeon Mi Jin, Jung In Ho, Kim Jong Dea, Shin Dong Bong, Lee Ik Jae

Purpose : This study evaluates the usefulness of the Modified Hybrid-VMAT scheme with consideration of back-
ground radiation when establishing a treatment plan for multiple bone metastatic cancer including multiple tu-
mors on the same axis.

Materials and Methods : The subjects of this study consisted of five patients with multiple bone metastatic
cancer on the same axis. The planning target volume(PTV) prescription dose was 30 Gy, and the treatment plan
was established using Ray Station(Ray station, 5.0.2.35, Sweden). In the treatment plan for each patient, two or
more tumors were set as one isocenter. A volumetric modulated arc therapy(VMAT) plan, a hybrid VMAT(h) plan
with no consideration of background radiation, and a modified hybrid VMAT(mh) with consideration of background
radiation were established. Then, using each dose volume histogram(DVH), the PTV maximum dose(Drmax), mean
dose(Dmean), conformity index(Cl), and homogeneity index(Hl) were compared among the plans. In addition, the
organ at risk(OAR) of each treatment site was evaluated, and the total MU[Monitor Unit) and treatment time were
also analyzed.

Results : The PTV Drax values of VMAT, VMAT(h) and VMAT(mh] were 3188.33 cGy, 3526 cGy, and 3285.67 cOy,
the Dmean Values were 3081 cGy, 3252 cGy, and 3094 cGy; the Cl values were 1.35+0.19, 1.43+0.12, and 1.30+0.06;
the HI values were 1.06+0.01, 1.14+0.06, and 1.09+0.02; and the VMAT(h) OAR value was increased 3 %, and
VMAT(mh) OAR value was decreased 18 %, respectively. Furthermore, the mean MU values were 904 .90, 911.73,
and 1202.13, and the mean beam on times were 128.67+10.97, 167.33+7.57, and 190.33+4.51 respectively.

Conclusions : Applying Modified Hybrid-VMAT when treating multiple targets can prevent overdose by correct-
ing the overlapping of doses. Furthermore, it is possible to establish a treatment plan that can protect surround-
ing normal organs more effectively while satisfying the inclusion of PTV dose. Long-term follow-up of many
patients is necessary to confirm the clinical efficacy of Modified Hybrid-VMAT.

» Key words : multiple target, VMAT, background radiation, Hybrid-VMAT
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