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Fig. 1. 3D reconstruction of OAR and PTV (A) Whole Scalp, (B) Partial Scalp, (C) Whole Ventricle.
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AAA(Anisotropic Analytic Algorithm Ver, 10,0.28) &
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= FHdjAgFo] 500 cGy °lsP} H%EE Di <500 cGy=
AABIAIL, AAIL Dy <5800 cGy, AXIBIA= Dy,
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3000 cGy 18] jul= Day <1700 cGy o2 4514
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$elA X ZA -S4 (Planning Target Volume, PTV)
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Table 1. Dose constraints for OARs

Organ Constraint(cGy)

Lens D1 %=<500

Optic nerve D1 %=<5800

Optic chiasm D1 %=<5800

Brain stem D1 %=<5400

Eyeball D1 %=<3000
Hippocampus D1 %=<1700
Psudo_2000 D20 %=<2000

Fig. 2. The contouring of ‘Psudo_2000’

(Table 1, Fig, 2).
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Fig. 3. Three fields at Gantry angle 60°, Couch angle 335°us—
ing Fixed Jaw
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Vost AEAIRES] 95 %7t 2AME =
Verv: PTVE] A%

A

Az ALl o A& 7hs o F 29le 913t IMRT
Verification QA(Gamma test)S 4
A=A (Electronic Portal Imaging Device, EPID)S
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1. OAR Mz

PL19 VMAT A8 A A] 95 b0} 2= 2] 3
A% ncMRTE] 098], 0.8H]= WA 21 €fo) it

Table 2. OAR dose and Ratio(VMAT/ncIMRT)

PdA st ue A g o] g o 82t Al iR A

S EEEXPEZRor]

£ OARYA= VMATO] ncIMRTRET} =2 Aeke 1Yl

E3), AXARAO] HjAEFS VMATO] ncIMRTE.
o} 584 =2 gk Holm & = A9Y] A
b 2A UERT Pr2e 25 LS AR
oA VMATO| ncIMRTEL} 2 32 HaL,
ZAuatet ¥ £719] HojAEES ncIMRTHT 217} 8.2
v, 818 =¢kom, sjute] Pt AdeF2 714 =2 gk
BT Pr32 #5278 A|19) AR o] VMAT 224
3] A] ncIMRT?] 098] & & Ag-S HAE 1 9]0
M= OAROIA= VMATO] B =& g& Uehith 59
aute] HAES VMATO] ncIMRTELE 2 58] =9kch
Pt 49] 7% oF= =AA Q) HhAZE VMATO] ncIMRT
9] 084}, &= Q9] HHAdwE 0,981 = VMATO] S
e ®Bolrk a8y 1 9)9] BE OARAE VMATO]
ncIMRTHT} 1 18]0|4] 1,882 & 2ol of At =2
s HQlt) P59 F5 A4S A2 VMATO]

.ﬂ

% 2oz} 7}
= OAR

£3] 4

rZ_Acv>J

Max dose(cGy) Mean dose(cGy)
s (LI L (73 R:;ecr’\?;ic L:;gs::‘i ‘ cgiztsi;n Etr::: ey:;().all eyle_:)-all c:::p?js
Pt.1 ncIMRT 645.4 598.6 1575.3 1614.3 308.4 635.2 1084.4 953.0 645.3
VMAT 729.0 702.5 2088.5 2043 4 1791.2 22023 958.9 804.4 1802.4
Ratio 1.1 1.2 13 13 5.8 3.5 0.9 0.8 2.8
Pt.2 ncIMRT 152.6 461.3 171.3 1505.8 265.6 223 .4 1529 789.1 2117
VMAT 2558 488.1 453.1 1748.3 2172.1 1799.1 284.2 717.4 1507.5
Ratio 1.7 1.1 2.6 1.2 82 8.1 19 09 7.1
Pt.3 ncIMRT 2223 503.0 1713.6 3240.8 2956.4 2175.1 507.8 874.7 1177.6
VMAT 467.6 432.1 2583.2 35284 3928.0 3716.5 651.3 1014.9 2968.5
Ratio 2.1 09 1.5 1.1 1.3 1.7 1.3 1.2 25
Pt.4 ncIMRT 629.7 293.3 504.8 2723 263.0 2294 633.4 2589 179.2
VMAT 500.3 235.4 530.7 2849 3343 4154 748.0 2248 315.6
Ratio 0.8 0.8 1.1 1.0 1.3 1.8 1.2 0.9 1.8
Pt.5  ncIMRT 189.1 101.8 3720.7 3577.2 4622.5 44335 237.2 141.6 33323
VMAT 4412 4529 3420.0 32539 4660.2 4537.7 575.4 629.4 32234
Ratio 23 4.4 0.9 0.9 1.0 1.0 2.4 4.4 1.0
Pt.6 ncIMRT 1422 101.9 1793.3 17245 3290.7 43240 162.8 109.5 3295.5
VMAT 410.7 410.5 21899 23117 32117 4221.0 499.1 4827 32742
Ratio 29 4.0 1.2 1.3 1.0 1.0 3.1 4.4 1.0
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Fig. 5. Comparison about OAR dose

ncIMRTE] 0 98 &2 Wk, 71 9] RE QAROA= ZALY
=Tt 53] #35 Qhro] BtARS VMATO] ncIMRT
9] 442 =2 7S HATE Pr.6= EE OARYA
VMATO| ncIMRTS} ZHAU =2 718 HYlal, B3] o=
Qo] FatAleFo] 952 314, F5-2 4492 VMAT
o] &9} THTable 2, Fig. 5).

2. &|(Brain) 2
Pt1, Pt.2, Pt3, Pt4= VMATE] VoG, Vao ey, Vaoay, Vao
. Vso Gv, Voo 6y 45°) ncIMRTHT} #18] =9t} Z+ 5}
XM Vao 6> VMATO] ncIMRTRET} ZF2+o] Hx] §-249]
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257 %, 38.8 %, 30.3 %, 25.0 %= ] Ziel= Ao =
ERgth = VMAT 22743 A] ncIMRTO] ]8]] 10 Gy®l
/ﬂ 60 Gy7]— _JZ_/\]—QJ:— l:;]Q,] &X—]o] uH_C'Z_ % ]_ ‘{,\_ ](zi

o}, WiHo] P59} Pt.62> = AEAZS Vigay, Vao oy, Vaoor,
Vao oy %X0] 525 2} & HolA] gF9ktH(Table 3, Fig. 6).

A Faeh FitA
2000 cGy<} 3000 cGy
o] mko. 10] Jole wdta}

=19 WARAL AR Al VMATS]
SAEF 40] ncIMRTO) H|8)|A]
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Table 3. Volume of normal brain irradiated (10 Gy~60 Gy) (Unit in %)
Vioay V20 6y V30 a6y Vao gy Vso Gy Vo Gy
Pt.1 ncIMRT 70.1 36.8 24.0 14.2 5.6 0.4
VMAT 98.1 62,5 37.1 248 129 0.4
Pt.2 ncIMRT 53.2 40.0 313 238 14.4 2.2
VMAT 85.0 78.8 69.6 48.3 317 49
Pt3 ncIMRT 50.4 15.3 9.6 6.3 33 02
VMAT 79.6 45.6 23.1 11.9 5.0 0.5
Pt.4 ncIMRT 25.6 13.8 9.9 7.3 45 0.2
VMAT 57.5 38.8 23.7 10.9 40 0.1
Pt5 ncIMRT 70.2 345 9.8 2.0 - -
VMAT 66.2 51.4 7.5 1.6 - -
Pt.6 ncIMRT 75.7 33.0 6.0 1.1 - -
VMAT 75.0 30.4 53 0.9 - -
120 100
100
B8O
9% 60
40
20
0
VI0Gy V20Gy V30Gy V40Gy V50Gy V60Gy V10Gy V20Gy V30Gy V40Gy V50Gy V60Gy
g Pt.1 ncIMRT = &= P1t.1 VMAT g Pt.2 NcIMRT = o= P1.2 VMAT
100 70
80 60 L
50 ~
60 ~
% % - ~
30 S
9 ~
20 -
-
20 5
0 0
V10Gy V20Gy V30Gy V40Gy VS0Gy V60Gy VI0Gy V20Gy V30Gy V40Gy V50Gy V60Gy
—e—Pt.3ncIMRT  — e— Pt.3 VMAT —e—Pt4ncMRT — o— Pt.4 VMAT
80 80
70 70
60 60
50 50
% 40 % 40
30 30
20 20
10 10
0 0
V10Gy V20Gy V30Gy V40Gy V10Gy V20Gy V30Gy VA40Gy
—e—Pt.5nclMRT = o— Pt.5 VMAT —o—Pt.6 ncIMRT = o— Pt.6 VMAT

Fig. 6. Comparison about volume of normal brain irradiated (10 Gy~60 Gy)
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Fig. 7. Isodose line of 2000 cGy and 3000 cGy (A. Whole Scalp, B. Partial Scalp, C. Whole Ventricle, Yellow color: 2000 cGy, Pink

color: 3000 cGy, Cyon color: PTV)

3. Eo| Z(Quality)zt EFZ L E|CHAMZ
T ABAE BF PTVio %=95 %S THA7]3L, EF
tol& Holx| ¢kokrh(Fig. 8). E3
HE 310 HI9 Clis = AsAEo] vj5st 424
cH(Table 4).
T AEAYS] e W FohAlsFS Pel, Pt.2, Pt.3, Pt4
o| A= ncIMRT7} VMATEL} ZH2} 3912 Gy (HHAR:

Coverager= 93t

i
hL

9] 6.3 %), 563.1 cGy(9.2 %), 2172 cGy(3.5 %), 12|aL
254 cGy(0.4 %) TrE o 2 3 e, ¥ Pr.set
Pt.6-& VMATO] ncIMRTRE} 212} 44,6 cGy(1.0 %), 30.6
cGy(0.7 %) TH o & A0 & YR TH(Table 5),

4. & MU} Gamma pass rate
Z MU AFEEFS Pt 1, Pt.2, Pt.3, Pt4, Pt.5, Pt.6 <At

Fig. 8. Dose Volume Histogram of PTV

64



Table 4. Homogeneity Index and Conformity Index

H.I. Cl.

Pt.1 ncIMRT 1.16 0.93

VMAT 1.06 0.99

Pt2 ncIMRT 1.13 0.96

VMAT 1.08 1.00

Pt3 ncIMRT 1.08 0.99

VMAT 1.09 0.99

Pt.4 ncIMRT 1.06 0.99

VMAT 1.08 0.99

Pt.5 ncIMRT 1.05 0.99

VMAT 1.05 0.99

Pt.6 ncIMRT 1.05 0.99

VMAT 1.05 0.99

Table 5. Maximum dose in target (Unit in cGy)

nclMRT H.I. Cl.

Pt.1 7106.6 6715.4 391.2

Pt.2 7378.5 6815.4 563.1

Pt3 71194 69022 217.2

Pt 4 6783.7 6758.3 254

Pt.5 4766.4 4811.0 —446

Pt.6 4738.0 4768.6 -30.6

Table 6. Total MU
nclIMRT VMAT

Pt.1 1938 403
Pt.2 1834 275
Pt.3 734 251
Pt 4 739 252
Pt5 1124 554
Pt.6 1020 566

2 ncIMRT7} VMATRC} 4840, 6.74], 2.94H, 2.94), 2.0
v, J2]30 1.84] ¥ MUE ZR =2 3= Z1o =2 Yepyt
CH(Table 6). & A EA &) thgt IMRT verification QA

=2 O =

A3} 2 mm/2 %, Gamma pass rate 90,0 % 7]5S 5

Z3}eto] Stsint

REX AR

520§ 571 9l

o=
LT

5 =

E
= 1=
L
AL, o=

2 A], ncIMRT= VMATO] H]&j ZthA
2Fo) Non—coplanar ¥& ©]-83} Fixed—
field IMRT A& A], of8] Y& F A& FH== Ao
HPgeE 7210 2 4 whebA ncMRT A5 A419 Alofl=
VMATe] Hlsl @3(Hot spot)o] WA &-go] 7] wiE

1 TR o] ofg] Yu7t AR FHEA] Ps Al
AzA o] Fasiel, gt AR ALt 218l
ZQ3F &= MU= 7|29 JAIZ ncIMRT7} VMATRETH
QJal, o]+= ncIMRTE 0]»&6 A F 7} VMATO] H]s)] A+

2

SF 2

l

r°1‘

PF m

H]A 29(Loading) ¥} A& 5o a8
AJo] AFtjA 0 g vko Ao & FriEc)

O3y ncIMRT A 2AE2 VMATJ"’—]— H|=%F PTV
CoveragesS -GA|5HHA OARS] AF-S IR AAAA 5=
el WA 5, 43 o, Telm A B9 A

/\] ﬂ_ﬂuﬂo
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Comparison of Volumetric Modulated Arc Therapy and
Non-coplanar Fixed-field Intensity Modulated Radiation
Therapy for Irregular Target adjacent to Organ At Risk
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Department of Radiation Oncology, Seoul National University Hospital, Seoul, Korea.

Kim Kyung Ah, Na Kyung Soo, Seo Seok Jin, Lee Je Hee

Purpose: The purpose of this study was to compare volumetric modulated arc therapy(VMAT) with fixed-field
intensity modulated radiation therapy(IMRT) using non-coplanar beam when the shape of target is irreqgular and
the location is adjacent to organ at risk(OAR).

Materials and Methods: The subjects of this study were a total of 6 patients who had radiation therapy for whole
scalp(2 patients), partial scalp(2 patients), and whole ventricle(2 patients) by True Beam STX(Varian Medical Sys-
tems, USAJ. VMAT plans consisted of coplanar or non-coplanar arcs which can minimize the volume of OAR
included in beamlets. All fixed-field IMRT plans consisted of non-coplanar beams using more than 2 angles of
Couch.

Results: The VMAT and IMRT plans were compared with regard to the maximum dose of both lens, both optic
nerves, optic chiasm, and brain stem and the mean dose of both eyeballs and hippocampus. VMAT plans showed
higher dose than ncIMRT plans at more than 6 of all OARs in every patient, and the ratio was from 1.1 times to 8.2
times. In case of total scalp and partial scalp, the volume of brain which received more than 20 Gy in the VMAT
plans was 2 times larger than the volume in the ncIMRT plans. In case of whole ventricle, there was no significant
difference. Target coverage was satisfied in both plans(PTVio%=95 %). The maximum dose in target volume and
required monitor unit(MU) of ncIMRT were higher than them of VMAT plans.

Conclusion: Even though ncIMRT is less efficient than VMAT with regard to required MU and treatment time, the
dose to OARs is much lower than VMAT and PTV Coverage is similar with VMAT. If the shape of target is irregular
and location is adjacent to OAR, comparison VMAT plan with ncIMRT plan deserves to be considered.

»Key words: Irregular shape of target, Organ At Risk, Non-coplanar Beam, Intensity Modulated Radiation Ther-
apy, Volumetric Modulated Arc Therapy, Whole Scalp, Partial Scalp, Whole Ventricle



