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Comparison of Dosimetric Parameters Based on Beam Arrangement Changes in
HA-WBRT by Using VMAT Technique: A Phantom Study
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Abstract This study aimed to evaluate the impact of changes in beam arrangement and arc counts on dosimetric factors
in volumetric modulated arc therapy (VMAT) inverse radiation therapy planning for hippocampal-avoidance whole brain ra-
diation therapy (HA-WBRT) by using the Elekta Monaco radiation therapy planning system (RTPs). For coplanar VMAT,
both the arc per beam (APB) method and the beam determined arc(BDA) method, which is determined by the number
of beams, were applied. For non-coplanar VMAT, the BDA method was utilized, and a total of 9 treatment plans were
established by varying the arc counts, All radiation therapy plans met the radiation oncology group (RTOG) 0933 protocol
standards, and 14 dosimetric factors were compared and analyzed. The results showed that the BDA-NC VMAT method
demonstrated superior performance in terms of planning target volume (PTV) coverage and protection of normal organs,
while APB-VMAT was advantageous in terms of hippocampal protection, monitor unit and delivery time, This study is ex-
pected to contribute to the efficient establishment of HA-WBRT plans considering the changes in beam arrangement and
rotation arc numbers in Monaco RTPs,
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2-Z(Clinical target volume, CTV)22 sl oH, A=
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2. MMz HARMX| =2 A=

HEAPA X 242 Monaco RTPs(Elekta AB, Version
5.11.08, Stockholm, Sweden) ©1-83}3c}, AKX =A|
3] At Ea18]2S monte carlo photon photon algorithm
2 A3k AL Q1A= grid spacing 0.3 cm, statistical
uncertainty 1,0%, control points per arc 150, min, segment
width 0.5 cm, increment 20,0, energy 6 MV(Megavolt) S
& BEow Mg, BE VAT /1S Pt
Z(Inverse radiation therapy planning)> ¥l 8]&3} ¢
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(Constraints)E 285101 Z23HOptimization)& =35
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Table 1, Dose criteria of RTOG 0933 protocol, dose prescription of 30 Gy in 10 fractions.

Parameter Per protocol Variation acceptable Unacceptable deviation
D, < 375Gy D) 37.5Gy, <40Gy D) 40 Gy
V5() > 900/0 vfy() g 90%
V30 2 950/0
Hippocampus
Diax < 16 Gy Diux < 17 Gy Duax ? 17 Gy

Optic chiasm and _ _ ,
. Dmu\' < 37.5 GY Dmu\' < 37.5 GY Dmux > 37.5 Gy
Op[IC nerves

PTV: planning target volume, D, dose to 2% of the PTV, Do dose to 98% of the PTV, Dy dose to 100% of the PTV, Dy maximum dose,
Dieant mean dose, Vi@ percentage volume of the PTV receiving dose of at least 30 Gy.

Table 2, Gantry angles, collimator angles, couch angles and total number of arcs or beam arrangements considered,

Beam arrangements Gantry angles ( °) Collimator angles (°)  Couch angles (°) Total number of arcs
2APB al: 181-179(CCW, CW) 0 0 2
3APB al: 181-179(CCW, CW, CCW) 0 0 3
4APB al: 181-179(CCW, CW, CCW, CW) 0 0 4
al: 181-179(CCW) 0 0
2BDA 2
a2: 179-181(CW) 0 0
Coplanar al: 181-179(CCW) 0 0
VMAT 3BDA a2 179-181(CW) 0 0 3
a3: 181-179(CCW) 0 0
al: 181-179(CCW) 0 0
a2: 179-181(CW) 0 0
4BDA 4
a3: 181-179(CCW) 0 0
a4: 179-181(CW) 0 0
al: 181-179(CCW) 0 0
a2: 179-181(CW) 0 0
2BDA 2 full and 2 half arcs
a3: 181-0(CW) 290 70
a4: 0-181(CCW) 70 290
al: 181-179(CCW) 0 0
a2: 179-181(CW) 0 0
3BDA a3: 181-179(CCW) 0 0 3 full and 2 half arcs
Non-coplanar
a4: 181-0(CW) 290 70
VMAT
a5: 0-181(CCW) 70 290
al: 181-179(CCW) 0 0
a2: 179-181(CW) 0 0
a3: 181-179(CCW) 0 0
4BDA 4 full and 2 half arcs
a4: 179-181(CW) 0 0
a5: 181-0(CW) 290 70
a6: 0-181(CCW) 70 290
2) v1EUH H2A SR E(Non—coplanar VMAT) arcs non—coplanar VMAT, BDA-NC VMAT)

(1) I ) Dol Az s P2 Beans determined BDA-NC VMAT A3 2% BDA-VMAT 2]=2A12]
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of thzle] 181°—0°(CW), collimator angle 290°, couch
angle 70° 9 0°— 181 °(CCW), collimator angle 70°, couch
angle 290° 27119] half arcsE F715l0] HAKIZ BAES 4=
Holsich

4. YAMMRZ A=

H el we A EARE At Fig, 13 2
k. RTOG 0933 protocololld] AAER= 7|5of we} 3229
Vi, Dy, Dog=r B718F3 0™, 447710l tisted aifmke] Do,
Dinax, A48T A48 WA= Do, Dinean 71508 X & 24
S st A=A F4 vl ffel Eq. (1)
2} Eq. (2)E vlEC2 conformity index(CI)2F homogeneity
index(Ho) & AFE3t3irt.

7t

Vs

Cl= —— )
VPTV

Vs AAAE] 95%7F A= 4] A4

Ver: 22 A4
D2% - Dgs%

Hol= ———— @)

Doy,

Dy 3EA0] thgh A& 9] 2% A7k

Dogr: 3E20] TSk A1H <] 2% AgF

Dsors A0 thgh A&l 50% A=k
heterogeneity index(Hel), 7|44 A= ©+¢(Monitor Unit,
MU), delivery time& Monaco statisticsollA] A% ZES
ol-gslo] H7IsHTt.

Fig. 1. Comparison of dose distributions for different beam arrangements in

coplanar VMAT, and (c) 2BDA non-coplanar VMAT,

. & 1t

U3 AFRAS AEgste] F 97)e] A=A of
] 14702] Askeld] QIAE o]8sto] vlul EABIIT) e A
FAEE RTOG 0933 protocol?] 7|5S $Z319c)

1. EX(Target)

PTV VoAl 2BDA-NC VMAT®] 96,35%% 7Fd =&
7k 2BDA-VMATO| 92.23%% 713 e 7S e
PIV DyollA 2BDA-VMAT®] 35.33CGy= 7% w22 7k
2BDA-NC VMAT®| 35.96 Gy2 7V} =& 7k vehich
PTV DggollA] 2BDA-NC VMAT©] 28,19 Gy= 714 =2 7k
2BDA-VMAT®| 24,84 Gy= 7P W& gk& Uelllth Cle
9BDA-NC VMAT®] 0.81% 7} =2 7} 3APB-VMATO]
0.71%2 7P =2 3k& Yehilth, Hol, Hel:> 2BDA-VMAT
°©] 0.37, 1.232% 7FF =2 3 ®3on, 2BDA-NC
VMATZ} 3BDA-NC VMAT®] 0,23, 3APB2} 4APB—VMAT
o] 11308 7P W2 k& Ve O Table 37} .,

2. HAZE7|(Organ at risk)

3] Dy} Dir 2APB-VMAT®] 15,99 Gy, 3APB—
MAT®] 8.78 Gy= 7F Wkl 3BDA-NC VMAT®] 16,68
Gy, 4BDA-NC VMAT®] 10,0 Gy2 71 =7 Yepdt), Al
A7) D@t Dieand] 4% 2BDA-NC VMAT©] 32,81 Gy,
9BDA—VMAT®] 2599 Gy= 7} e 7k 2APB-VMAT
0] 35.29 Gy, 3APB—VMAT®] 28.62 Gy& 714 =& 3ttt
BRI}, A1 32E0] 79 Dinaxt Dicanss 4BDA—VMATO]

(a) 2BDA NC

HA-WBRT (a) 2APB coplanar VMAT, (b) 2BDA
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Table 3, Results of dosimetric paramteters in planning target volume using arcs per beam and beams determined arcs coplanar
VMAT(APB, BDA-VMAT) plans and beams determined arcs non-coplanar VMAT(BDA-NC VMAT) plans,

PTV

Beam arrangements V(%) avg D,(Gy) avig DeGy) avg Cl avg Hol avg Hel avg

2APB  94.67 35.38 25,56 0.74 0.33 1.18
3APB 96.10 95.66 35.38 35.44 27.10 26.54 0.71 0.72 0.27 0.29 1.13 1.15

Coplanar 4APB 96.22 35.55 26.97 0.72 0.28 1.13

VMAT 2BDA 9223 35.33 24,84 0.77 0.37 1.23
3BDA  94.26 93.76 35.63 35.44 2512 25,37 0.74 0.75 0.36 0.35 1.20 1.20

4BDA 94,78 35.35 26,16 0.75 0.31 1.17

2BDA  96.35 35.96 28.19 0.81 0.23 1.16

Non-coplanar

VMAT 3BDA 96,27 96.09 35.70 35.74 27.95 27.81 0.79 0.80 0.23 0.24 1.15 1,16

4BDA  95.64 35.57 27.30 0.79 0.25 1.16

PTV: planning target volume, Vj: percentage volume of the PTV receiving dose at least 30 Gy, D,: dose to 2% of the PTV, Dos: dose to 98%
of the PTV, CI: conformity index, Hol: homogeneity index, Hel: heterogeneity index, avg - represents average.

Table 4, Results of dosimetric paramteters in normal organs and MUs and delivery times using arcs per beam and beams
determined arcs coplanar VMAT(APB, BDA-VMAT) plans and beams determined arcs non-coplanar VMAT(BDA-NC VMAT) plans,

Coplanar VMAT
Non-coplanar VMAT
APB-VMAT BDA-VMAT
Parameter 2APB 3APB 4APB 2BDA 3BDA 4BDA 2BDA 3BDA 4BDA
Dinax(Gy) 15.99 16,40 16.02 16.63 16.66 16.61 16.46 16.68 16.48
average 16,14 16.63 16.54
Hippocampus
Dino(Gy) 8.91 8.78 8.91 9.54 9.52 9.68 9.41 9.96 10.00
average 8.87 9.58 9.79
Dil Gy) 35.29 35.06 34,57 33.13 34.89 34.46 32.81 33.78 33.74
average 34.97 34.16 33.44
Optic nerves
Diaen(Gy) 20,97 28,62 28.37 25,99 27.65 27.46 20,58 27.09 27.30
average 27.99 27.03 26,99
Duax(Gy) 35.71 35.00 34,88 34.44 35.28 34.39 34.43 34.59 34.91
average 35.22 34.70 34.04
Optic chiasm
Dincan(Gy) 28.67 30.66 30.23 28,82 29.17 29.76 31.93 30.72 31.17
average 29.85 29.25 31.27
(MU) 1707.29 1779.59 1882.90 1944.49 1867.53 2133.56 1807.24 2000.69 2030.60
Monitor Unit
average 1789.93 1981.86 1948.18
(s) 210,52 260.72 311.30 361.97 435,04 605.54 428,59 530.76 634.60
Delivery time
average 200.85 467.52 531.32

Dt maximum dose, Dpeynt mean dose, MU: monitor unit, avg: represents average.

34.39 Gy, 2APB-VMATo] 28.67Gy= 74 & 7k statistics®2 AF=E B delivery timeS APB-VMAT,
2APB-VMAT®] 35.71 Gy, 2BDA-NC VMAT®] 31,93 Gy BDA—VMAT, BDA-NC VMAT 4= 212} 260, 85s, 467.52s,
2 7P =2 3 UEl A EAEE e MU= 531.32s% YERH O™ Table 49} 2t}

APB-VMAT, BDA-NC VMAT, BDA—VMAT A= 22+

1789.97 MU, 194818 MU, 1981.86 MU= et} Monaco
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