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Dosimetry study of two radiotherapy techniques for child central nervous system germ cell tumor
based on hippocampus protection
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350025, China
Corresponding author: Feng Jing, Email: fjing h@163.com

[ Abstract] Objective To compare dosimetry between volumetric modulated arc therapy
(VMAT) and intensity-modulated radiation therapy (IMRT) for protecting the hippocampus
in the radiotherapy of children with central nervous system (CNS) germ cell tumors (GCT).
Methods Retrospective analysis was conducted on the imaging data of 12 children with GCT who
received craniospinal irradiation in the 900th Hospital of the Joint Logistics Support Force of PLA
from June 2020 to June 2021. The participants included 4 males and 8 females aged 7 to 14 years, with
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a median age of 11 years. VMAT and IMRT plans were designed after completing the delineation of
the target area and the corresponding organs at risk. The prescribed dose was 30 Gy with 10 fractions.
Dose-volume histogram was used to obtain various dosimetry parameters. The parameters were then
analyzed using paired z-test to compare dosimetry between the target area and the corresponding organs
at risk and evaluate the implementation efficiency based on machine monitor unit and treatment time.
Results VMAT and IMRT plans both achieve better target dose distribution. VMAT is slightly better
than IMRT in terms of the uniformity of the target area. The homogeneity index values for VMAT and
IMRT are 0.11£0.02 and 0.14+0.01, respectively, and the difference is statistically significant
(=-5.392, P<0.001). The maximum doses of the left hippocampus in VMAT and IMRT are
(15.99+0.70) and (21.21£1.07) Gy, and those of the right hippocampus are (16.13+0.58) and
(21.35+0.69) Gy, respectively; the differences are statistically significant (=—17.622, —21.628; both
P<0.001). VMAT meets the dose limit for hippocampal protection and has obvious advantages over
IMRT in protecting organs at risk. VMAT is significantly better than IMRT in protecting the eye lens,
thyroid, and kidney, and the differences are statistically significant (/=—8.198 to —2.231, all P<0.05). In
terms of treatment efficiency, VMAT is also superior to IMRT. The machine monitor unit of VMAT is
1749495 and the treatment time is (354+31) s, which are about 40% of those of IMRT, and the
differences are statistically significant (+=—20.883, —22.790; both P<0.001). Conclusion In the
radiotherapy of childhood CNS GCT, VMAT can achieve better target uniformity while protecting the
hippocampus and has obvious advantages in terms of protection of the corresponding organs at risk and
treatment efficiency than IMRT.

[ Key words ] Central nervous system neoplasms; Germinoma; Radiotherapy, intensity-
modulated; Hippocampus; Radiotherapy dosage; Volumetric modulated arc therapy
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Gt A IERS AT ER U x+s#
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RO EE L

2 R

2.1 PTV W& FIEESE AL

2RI PTV 145 71 24 S 500 He e 25 1
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0.01, SEBLTHUFIRIXGETE, H 2 %A KM
RG22 5, 4iE CIRY 225 S X
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Table 1 Dosimetry comparison of planning target volume between intensity-modulated radiation therapy group and volumetric modulated arc

therapy group (X + s)
ik Dyy,(Gy) Dsgo,(Gy) 5 BEEL BIs PR 5L
IMRTitHI4H (n=12) 32.760.26 31.59+0.26 0.88+0.01 0.14+0.01
VMATHHIH (n=12) 33.04+0.32 31.95+0.44 0.87+0.01 0.110.02
HE 1.976 1.895 2.206 -5.392
PE 0.074 0.085 0.249 <0.001

H: IMRT ARG BINAYTT s VMAT AABUEH MR BUINAYT 5 Das,v Dsoos Dogy, 279100 2%, 50% . 98% A4 HI X {AFH 32 5|

F2 IMRT 5 VMAT 2 B4 )i £ A9 32 B ek LU &S (R + 5, Gy)

Table 2 Dosimetry comparison of hippocampus between intensity-modulated radiation therapy group and volumetric modulated arc therapy

group (X £ 5, Gy)

13 IR B GR E -3 S 5 o
Kl fiigs Al fiig s
IMRTitHI4H (n=12) 21.21+1.07 21.35+0.69 17.80+3.06 17.614+2.92
VMATiHHI4H (n=12) 15.99+0.70 16.13+0.58 11.30+0.65 11.67+0.72
HA -17.622 -21.628 -7.513 -6.780
PfH <0.001 <0.001 <0.001 <0.001
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468 ] RO s 2 R 2 I ik

202248 A% 46 &5 8  Int J Radiat Med Nucl Med, August 2022, Vol.46, No.8

%3 IMRT 5 VMAT 2 #it-RIAJE BlG 28 B 2 IR e (k£ 5, Gy)

Table 3 Dosimetry comparison of organ at risk between intensity-modulated radiation therapy group and volumetric modulated arc therapy

group (X s, Gy)

a5 b= PN 5875 il e S 34) BRI o
e R AR AR A IR AR AR FRAR A sl Al ity s
VMATIHXIZH 6.10+0.89 6.39+0.55 13.70+1.41 7.24+0.81 7.03+0.69 5.99+2.13 6.79+2.72
IMRTH-J 41 6.85+0.95 7.11+0.73 17.7442.06 6.50+1.96 7.71+1.54 8.60+1.46 8.70+1.49
H -2.515 —2.894 -8.198 1.757 -1.760 -3.099 -2.231
PfH 0.029 0.015 <0.001 0.107 0.106 0.010 0.047
F: IMRT NSRS BUIATT ;. VMAT NS B s i ihiay 7
4 IMRT 5 VMAT 2 Rl (0 ol SERESCR HeAs (£ 5) MR, X, ZIEHARFREAAL, YEARIE L BRI

Table 4 Comparison of treatment efficiency between intensity-
modulated radiation therapy group and volumetric modulated

arc therapy group (X +s)

205 PLESBEL  JRY7I K (s)  BOIF R (%)
IMRTHHIZH (n=12) 43414390 825467 95.8+2.1
VMATHRIH (n=12) 1 749495 354+31 98.6+1.2

HA -20.883 -22.790 4.874

Pl <0.001 <0.001 0.005
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