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Dosimetric analysis of intensity-modulated arc radiotherapy with fixed dose rate versus volumetric

modulated arc therapy for lung cancer

LONG Yusong, TAN Junwen, HE Xiantao, LIANG Weixue, WANG Zhanyu, LI Gang, FENG Yongfu
Department of Oncology, the Fourth Affiliated Hospital of Guangxi Medical University, Liuzhou 545005, China

Abstract: Objective To analyze the dosimetric differences between intensity-modulated arc radiotherapy (IMAT) with fix dose
rate and volumetric modulated arc radiotherapy (VMAT) for lung cancer, and provide reference for the selection of dose rate mode
of VMAT for lung cancer. Methods IMAT and VMAT plans were designed for 11 patients with lung cancer using RayStation
treatment planning system, and the differences in dosimetric parameters, monitor unit and delivery time were compared. Results
Both dual arc IMAT and VMAT plans for lung cancer in 11 patients met the clinical requirements, and no significant differences
were found in the minimum dose Dsg;,, the maximum dose D, the average dose D...., homogeneity index and conformal index
of target areas. However, the target coverage rate of VMAT plan was better than that of IMAT plan. The Vs, Vi, Vi, Dy 0f whole
lung and the Vyof heart in VMAT were lower than those in IMAT plan, and the differences in the Vs, of whole lung, the V3, of
heart and the Dy, of spine between IMAT and VMAT plans were not obvious. Compared with IMAT plan, VMAT plan had lower
Vs, Vip and Visof normal tissues in the low-dose area, and normal tissues-Dy.e, but higher Vo, Vis, Vi of normal tissues; two plans
had no significant differences in the V, and V»s of normal tissues. The delivery time of VMAT plan was greatly reduced, only 62%
of that of IMAT plan. Two plans had similar monitor unit, without statistical differences. Though the dose passing rate of VMAT
plan was slightly lower than that of IMAT plan, with a difference of about 0.44%, both the dose passing rates of the two plans were
more than 98.72%, meeting treatment requirements. Conclusion Compared with IMAT, VMAT for lung cancer has a stronger
plan modulation ability, can obtain better target dose distribution, improve the efficiency of treatment, and protect the organs-at-
risk better, especially reducing the low-dose irradiation volume of lung. VMAT can bring more benefits to patients with lung cancer.
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b: Control point weight distribution in VMAT plans
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Fig.1 Control point weight distribution in IMAT and VMAT plans

IMAT: Intensity-modulated arc radiotherapy; VMAT: Volumetric modulate arc therapy
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a: Radiation dose map in IMAT plans

b: Radiation dose map in VMAT plans

2 IMAT i+XJ#0 VMAT 3+ xR 2 376
Fig.2 Radiation dose map in IMAT and VMAT plans
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Tab.1 Dosimetric comparison of target areas between IMAT and VMAT plans (Mean+SD)

Plans Doy, /cGy Day/cGy Diean/cGy Target coverage rate/% CI HI
IMAT 5880.7+179.4 6 372.6+88.1 6 178.7+40.5 96.40+1.64 0.790+0.046 0.079 2+0.041
VMAT  5893.1£143.1  6377.9+59.1 6 168.5+13.2 96.73+1.73 0.789+0.048 0.078 5+0.030
P value 0.449 0.740 0.381 0.019 0.882 0.847

CI: Conformal index; HI: Homogeneity index

R2 BRI RBENTEFLER(cs)
Tab.2 Dosimetric comparison of organs—at-risk between IMAT and VMAT plans (Mean+SD)

Organs-at-risk Parameters IMAT plan VMAT plan P value
Lung_all Vi/% 53.65+8.44 50.14+10.55 0.020
Vi/% 38.44+7.40 35.49+8.54 0.000

Vol % 15.98+3.87 14.98+3.25 0.042

Vi/% 7.61£2.40 7.77+£2.31 0.311

Diea/cGy 1 043.4£195.6 1 003.5+203.9 0.000

Heart Va/% 21.11+14.44 20.08+13.81 0.044
Vi/% 14.52+11.12 14.77+10.67 0.511

Diea/cGy 1 063.3£669.7 1 042.9+661.7 0.209

Spine Duy/cGy 3369.6+723.9 3380.3+365.7 0.931

3 AT RIEREL (Body HIFIEZFEEE (7+5)
Tab.3 Dosimetric comparison of the normal tissue (Body) between IMAT and VMAT plans (Mean+SD)

Plans V% Vi/% Vis/% Va/% Vas/% V% Vis/% Va/% Duear/cGy
IMAT 23.36+3.81 15.71+£2.72 10.82+2.47 7.73£2.27 5.77+2.02 4.37+1.71 3.33x1.37 2.55£1.02 500.9+103.3
VMAT  21.97+4.03 14.70+£2.65 10.25+1.96 7.60+1.83 5.89+1.82 4.63£1.70 3.62+1.48 2.83£1.21 490.9+100.2
P value 0.006 0.001 0.035 0.374 0.196 0.002 0.003 0.006 0.001

AL, VMAT HHR1AH b T IMAT 3181, 3697 o it Ja]
KK, VMAT 115 s B4 IMAT %1 R
BFIE]Y 62%. PR MU JCH I 25 5
2.6 PRI R FI 2 I0IEE T R LB

115955 A0 B0 I 3 2o 3R ) 45 SR 3R 5 s

R4 FMITRIMU R RAE TEEAR (2+5)
Tab.4 Comparison of monitor unit and delivery time between
IMAT and VMAT plans (Mean+SD)

Parameters IMAT VMAT P value
Delivery time/min 4.79+1.09 2.97+0.80 0.001
Monitor unit/MU 604.62+164.37 588.42+99.81 0.654

26 5 A, AR R A7) 4R 56 E i R R T
95% , FR AT AT sk . VMAT -] it 37 42 363 18
IR EEAR T IMAT TF X1, 022 29 0.44% , 15 e it 2F
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B X o R NG g B AR s BRI
Al fiEJE VMAT £ R 5 IMAT £ At 38 T 571 6
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Tab.5 Comparison of dose passing rate between IMAT and VMAT plans (%)

No. of patient

Plans
1 2 3 4 5 6

Averages P value
8 9 10 11

IMAT 993 98.7 999 992 983 99.6 989 99.0 99.7 99.8 984 99.16+0.56 0.050

VMAT 98.8 984 994 983 99.6 98.6 978 985 99.0 993 983 98.72+0.55 0.050
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