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Dosimetric comparison of volumetric modulated arc therapy and intensity-modulated radiotherapy
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Abstract: Objective To compare the dosimetric differences in target areas and organs-at-risk (OAR) and the efficiency between
volumetric modulated arc therapy (VMAT) and intensity-modulated radiotherapy (IMRT) for postoperative high-grade glioma
(HGG). Methods Oncentra treatment planning system was used to design 5-, 7-, 9-field IMRT plans and single- and double-arc
VMAT (VMAT1 and VMAT?2) for 10 postoperative HGG patients. In each plans, the prescription dose was 60 Gy/30 f for planning
target volume (PTV). The dosimetric differences in PTV and OAR were compared among 5-, 7-, 9-field IMRT plans. The
conformity index (CI), homogeneity index (HI) of PTV, the dose of OAR, monitor units, treatment time and optimizing time were
compared among 5-field IMRT, VMAT1 and VMAT?2 plans. Results No statistical differences were found in the CI and HI of
PTV, and the maximum dose (Dy.x) of OAR among 5-, 7-, 9-field IMRT plans (P>0.05). VMAT1 and VMAT?2 plans showed similar
CI of target areas, 0.715+0.084 and 0.731+0.806, respectively, better than 0.617+0.076 in 5-field IMRT plan (comparison among
3 plans, P=0.007). No statistical differences were found in the HI, D,.., minimum dose and Dysy, of target areas, and the Dy of
OAR among 5-field IMRT, VMAT1 and VMAT?2 plans (P>0.05). Statistical differences were found in monitor units among 5-
field IMRT, VMAT1 and VMAT2 plans (P=0.004). Optimizing time was shortest in 5-field IMRT plan, longest in VMAT2 plan.
The treatment time in VMAT1 plan was only (3.7+0.5) min, with statistical differences among three plans (P<0.05). Conclusion
For the postoperative HGG patients, IMRT plans with the number of fields less than 5 doesn't show statistical differences in the
dose distribution in PTV and OAR. Compared with 5-field IMRT plan, VMAT plan needs longer optimizing time, but achieves

(U #5 B #7]2017-03-10

[EE£TR G TAETHE RS RHIF H (201401012) s GHINTHRMY ZRHIFILE (JCYI20150403102020235 )
(1EB B 1233y W gE A, 0, EBEWEIT 7 17 IR A YT , E-mail: lizhuangling@163.com
[BI5 1 a7, 4 TR, B-mail: zhongheli@tom.com



—P—
- 720 -

Hh R 2 E )

e

[l

T

SR

4
~ Am\
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Fig.1 Delineated target areas using CT-magnetic resonance imaging (MRI) image fusion
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Tab.1 Comparison of PTV dosimetric parameters among 5—, 7- and 9—field IMRT plans

(Gy, Mean+SD)
Parameter 5-field IMRT 7-field IMRT 9-field IMRT P value
D 64.45+0.83 64.14+0.95 64.29+0.88 0.744
1Dkt 59.02+1.48 59.10+15.05 58.98+14.62 0.981
Dses 61.92+0.41 61.75+0.46 61.74+0.47 0.647

IMRT: Intensity-modulated radiotherapy
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Tab.2 Comparison of OAR doses among 5—, 7— and 9—field IMRT plans (Gy, Mean+SD)

OAR S5-field IMRT 7-field IMRT 9-field IMRT P value
BS 51.48+2.10 50.77£3.55 51.06£3.70 0.882
Lenl 6.84+0.78 6.48+0.85 6.79+0.72 0.486
LenC 6.55+1.08 6.21+1.12 6.71£1.19 0.599
OptNI 28.96+17.84 29.29+17.53 29.76+17.12 0.995
OptNC 25.72+15.77 24.50+14.54 25.01£16.50 0.985
OptChi 36.21£16.03 36.89+16.42 37.60£15.68 0.981

OAR: Organs-at-risk; BS: Brainstem; Lenl: Ipsilateral len; LenC: Contralateral len; OptNI: Ip-

silateral optic nerve; OptNC: Contralateral optic nerve; OptChi: Optic chiasm

2.3.1 5EFIMRT.VMAT1 # VMAT2 %I PTV FIES
Ebi: g2 3 N, 5 B IMRT . VMAT 1 #1 VMAT2 3248
X CI4351°4 0.617+0.076.0.715+0.084 F10.731+0.806,
3 YA A Giit2F 22 5 (P=0.007 ) ; VMAT1 5 VMAT2

a: 5—field IMRT

#3 5FFIMRT.VMAT1# VMAT2 %I PTV Fl&
Tab.3 Comparison of PTV dosimetric parameters among 5—field IMRT, VMAT1 and VMAT?2 plans (Mean+SD)

2 5.7. 95 IMRT HXIMFIEHHRE
Fig.2 Isodose distributions in 5—, 7- and 9—field IMRT plans

b: 7-field IMRT

BIRCER S

c: 9—field IMRT

SHER(x2s)

HAS (P.=0.660) , 14T SEFIMRT 2., 3 ZH31-KIIAY
RN Doso SAITCAE 272257 (P>0.05)
B DX APPSR AT R £, S F IMRT 211 VMAT 1 40
A1, P58 VMAT2 417 & o

Parameter S-field IMRT VMAT1 VMAT2 P value P value P, value Py, value
Du/Gy 64.45+0.83 63.73£1.09 64.82+1.47 0.070 0.870 0.109 0.138
D.i/Gy 59.02+1.48 58.17+0.68 58.27+0.83 0.630 0.382 0.442 0.914
Dinea/ Gy 61.99+0.48 61.92+0.30 61.46+0.46 0.017 0.732 0.009 0.020
Dos:/Gy 59.82+0.86 59.22+1.40 59.28+1.56 0.541 0.315 0.371 0.911
Dso/Gy 61.92+0.41 61.81+0.39 61.37+0.53 0.026 0.582 0.011 0.038
CI 0.617+0.076 0.715+£0.084  0.731+0.806 0.007 0.011 0.004 0.660
HI 0.088+0.032 0.108+0.057  0.089+0.052 0.589 0.359 0.944 0.397

VMAT1: Single-arc volumetric modulated arc therapy; VMAT2: Double-arc volumetric modulated arc therapy; CI:
Conformity index; HI: Homogeneity index; P value: 5-field IMRT vs VMAT1 vs VMAT2; P; value: 5-field IMRT vs

VMAT1; P, value: 5-field IMRT vs VMAT2; P, value: VMAT1 vs VMAT2
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Tab.4 Comparison of OAR doses among 5—field IMRT, VMAT1 and VMAT?2 plans (Gy, Mean+SD)

OAR 5-field IMRT VMAT1 VMAT2 P value P value Pyvalue Py value
BS 51.48+2.10 51.88+1.07 51.40+1.23 0.756 0.568 0.899 0.486
Lenl 6.84+0.78 6.45+0.57 6.53+0.64 0.948 0.201 0.317 0.773
LenC 6.55+1.08 5.82+0.98 6.18+0.95 0.230 0.089 0.394 0.378
OptNI 28.96+17.84 26.04+17.82 29.35£16.61 0.898 0.711 0.961 0.674
OptNC 25.72+15.77 21.28+11.10 23.67+10.77 0.741 0.443 0.722 0.679
OptChi 36.21+16.03 38.71+13.69 38.76+13.89 0.905 0.705 0.699 0.994

2.3.3 SEFIMRT.VMAT1 1 VMAT2 i+%I MU £ 4L B
EFETTATE EEEE g S PR, S B IMRT ,VMAT1
A VMAT2 8119 MU, 3 43R 181 G2k 22 57,
VMAT1 41 MU /b, Hik 2 5 F IMRT, VMAT2 4 i
2 s MR Hb IR F IR 7 T, VMAT 1 4 fe BAR 3, 5 B
IMRT 41K 2., VMAT2 413757 i () fe K, 3 4L 18] A 42

J12 2% 5 (P=0.000) , VMAT1 [, 5 B IMRT 8 e (P,=
0.008) ., {HAFERAYIE , ARBFITHIIATT I A AL 3G 12
A IA] AR AL FE A A (RIS e s 1] o 3 4]
B A AR T A d 2 22 5, 5 B TMIRT 41075 5 %) i [1a)
e, VMAT2 4 75 2R R i K (P=0.000) .

75 5% IMRT.VMAT1F VMAT2 3+XIH 88 Bk &5 A (LB 18 F5A T BB EL 45

Tab.5 Comparison of monitor units, optimizing time, treatment time among 5—field IMRT, VMAT1 and VMAT?2 plans

Parameter 5-field IMRT VMAT1 VMAT2 P value P value Pyvalue  Ppvalue
Monitor units/MU 408+82 388+78 579+186 0.004 0.930 0.060 0.034
Optimizing time/min 7.3+2.4 18.4+2.9 31.2+3.2 0.000 0.000 0.000 0.000
Treatment time/min 4.8+0.4 3.740.5 6.3£1.3 0.000 0.008 0.000 0.000

2.3.4 5B IMRT.VMAT1 #1 VMAT2 it X BIFI =5 %
3R A A WA 3, 3 43R DVH WA

LN,

a: 5-field IMRT

b: VMT1

3 5EFIMRT.VMATI1 1 VMAT2 XI5 E S

Fig.3 Isodose distributions in 5—field IMRT, VMAT1 and VMAT?2 plans

4, 7] U, 3 2H R 34735 12 98% 1 PTV 44 7 7F 95% 45 5]
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