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Comparison of volumetric modulated arc therapy stereotactic radiosurgery plans of multiple

brain metastases
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Abstract: Objective To study the dosimetric characteristics of volumetric modulated arc therapy (VMAT) in the treatment of
multiple brain metastases by adjusting the number of isocenters with coplanar arcs or not. Methods A case of multiple brain
metastases treated in Hubei Cancer Hospital in 2019 was selected in the study. Three kinds of plans, namely single-isocenter
with 4 non-coplanar arcs, 5-isocenter with 5 coplanar arcs and 5-isocenter with 5 non-coplanar arcs, were designed
separately. The prescription dose (24 Gy/3 fractions) was required to cover 95% of the target volume. The evaluation
parameters included target conformity index, gradient index, brain radiation necrosis index (V,,) and low-dose volume
coverage (V;). Results Compared with multi-isocenter plans, VMAT single-isocenter with non-coplanar arcs plan had better
target conformity and smaller V,,, and it had better dose falloff in the treatment for small-sized tumors. Conclusion VMAT
single isocenter with non coplanar arcs plan is more suitable for multiple brain metastases than multi-isocenter plan (coplanar
or non-coplanar).
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Tab.1 Dosimetric comparison of single—isocenter with
4 non—coplanar arcs plans for different number of

metastases with an external expansion of 2 mm
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Vg THRIHE X AR TR

100
80+
60-

S

= 404
40 - SIFNA (5Gy)
204 FIFA (5Gy)

- FIFNA (5Gy)
0 T T T T
0 5 10 15 20 25
i e 7% g K

a:5 Gy FRBEER

B AT LA W, VL, JEVTE 3SR 58 Hp A bt 25 i
FERS IR R IR N, I B3 N3l ¥  SIFNA
TRV, VB S5 AR R/ AR O FIFNA 1131,
He R /& FIFA TR . BphR%E v, AT LSS 2 24 i
JAECE A 10~20 B, 34T HRI 0 7)1 7 5 o 22 KR
R ECTE 0~5 AN, 3T R VU RS0 55

43590 16 B S A1 Bt AL 6 456 110 i % B 0 A S 1
BOEWBR RS e BT 0.1.2.3.4.5.6 mm, JEXT
Fg ARG A 1% B SIFNA  FIFA H1 FIFNA 3 ffi A [A]
T, 2 25 5 DL 3R 2 Rk 3.

5
4-
X 31
>212_
SIFNA (12Gy)
. = FIFA (12Gy)
~+ FIFNA (12Gy)
0 . . . :
0 5 10 15 20 25

AL RS R B
b:12 Gy B ER

1 TREEBEREIN 2 mm EREHRTS5.12 Gy FREBEER

Fig.1 5 and 12 Gy dose coverages of different plans for different number of metastases with an external expansion of 2 mm
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Tab.2 Comparison of treatment plans for 5 random brain metastases with different external expansions

e £ 0 mm 1 mm 2 mm 3 mm 4 mm 5 mm 6 mm
SIFNA V,/% 0.43 0.61 0.69 1.00 1.43 2.00 2.81
Vi/% 7.10 7.60 9.60 12.00 15.10 21.40 27.80

Vepr/em? 0.33 0.95 2.13 3.70 6.30 9.48 13.47

FIFA V,,/% 0.47 0.69 0.80 1.18 1.94 2.62 3.24
V3/% 7.92 9.84 11.00 15.10 20.80 22.90 28.10

Verv/em® 0.33 0.95 2.13 3.70 6.30 9.48 13.47

FIFNA V,/% 0.45 0.64 0.75 1.09 1.88 2.49 3.18
Vi/% 6.47 7.20 8.30 12.50 16.90 22.00 26.11

Ver/om? 0.33 0.95 2.13 3.70 6.30 9.48 13.47
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Tab.3 Comparison of treatment plans for 5 adjacent brain metastases with different external expansions

hap AR 0 mm 1 mm 2 mm 3 mm 4 mm 5 mm 6 mm
SIFNA V,/% 0.36 0.55 0.78 1.07 1.57 1.99 2.44
Vi/% 2.99 3.40 4.25 5.00 5.98 6.63 7.68
Vppy/om? 0.40 1.02 2.36 4.06 6.81 9.92 14.28
FIFA V./% 0.63 0.71 0.97 1.38 1.79 2.14 2.7
Vi/% 3.57 4.01 434 5.52 6.58 7.76 8.68
Viry/om? 0.40 1.02 2.36 4.06 6.81 9.92 14.28
FIFNA V.,/% 0.35 0.56 0.79 1.07 1.56 2.02 2.48
Vi/% 2.97 3.41 422 4.95 6.0 6.65 8.18
Vpry/om? 0.40 1.02 2.36 4.06 6.81 9.92 14.28
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4 - 10 =
>(: 2 - >§ 5=
1 ol
0 T T T 0 T T T
SIFNA FIFA FIFNA SIFNA FIFA FAINA

aIMIRFA<10 em® B9 3 TR V), EEER
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Fig.2 Comparison of 12 Gy volume coverage among 3 different plans under different external expansions
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Z 5L T — B BRI 25 548 02 5 Gy
R 70 e A B 55 3R ) LAl A R B AR . S
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