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Optimization of IMRT treatment plans using weighted factors based on voxel-density
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1. Key Lab for Radiation Physics and Technology of Education Ministry of China, Institution of Nuclear Science and Technology,
Sichuan University, Chengdu 610064, China; 2. Zhengjiang Cancer Hospital, Hangzhou 310022, China

Abstract: Objective Weighted factors are adjustable parameters in the optimization of intensity- modulated radiotherapy
(IMRT). The research aims to discuss on the effect of objective function with weighted factors based on voxel-density on the
optimization of IMRT. Methods A power exponent of voxel-density was added in the weight to design an objective function. A
virtual phantom was designed, and the most appropriate power exponent was decided by the optimized results of the virtual
phantom. Ten plans were designed for 5 selected cases. The IMRT optimization method without considering the effect of
density and the IMRT optimization method with weighted factors based on voxel-density were used to designed radiotherapy
plans for each case. The dose to target areas and organs-at-risk were compared between the two plans. Results The most
appropriate power exponent of the objective function is 3. Based on dose- volume histogram and homogeneity index, the
improved optimization method with weighted factors based on voxel-density showed appropriate dose of normal tissue and
better homogeneity than the conventional method. Conclusion The proposed method with voxel-dependent weighted factors
improves the quality of treatment plan.

Keywords: intensity-modulated radiotherapy; optimization; objective function; voxel-dependent weighted factor
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The grey point represents the voxel after interpolation,
while the dark points represent the pixels before
interpolation
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The value of the density of this phantom is 1.0 in the dark
grey area, 0.9 in the light grey area and 0 in the dark area.
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Fig.2 Cross—section of cylindrical virtual phantom
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e: Patient 5 with head and neck cancers
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d: Patient 4 with head and neck cancers

The hollow lines are the optimized results of conventional objective

functions, and the solid points are the optimized results of improved

objective functions.
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®1 SHIBERFEFILE

Ta.l Dosimetric comparison of 10 plans for 5 patients

Patient Prescription Organ Parameter a=0 a=3
Lung V% 21.3 21.9
Va/% 6.7 7.4
Vi/% 3.0 2.9
Patient 1 40 Gy in 25 fractions
Spinal Maximum dose/Gy 48.8 48.5
Heart Va/% 4.6 3.9
PTV HI 1.22 0.87
Lung Vs/% 222 232
Vao/% 6.5 6.3
V% 3.0 2.8
Patient 2 54 Gy in 27 fractions
Spinal Maximum dose/Gy 36.5 333
Heart Va/% 2.0 1.7
PTV HI 0.82 0.38
Lung Vs/% 23.3 222
V% 6.9 6.6
V% 34 2.9
Patient 3 45 Gy in 25 fractions
Spinal Maximum dose/Gy 22.8 22.7
Heart Vil% 4.6 3.9
PTV HI 0.64 0.50
Parotid-L V% 0.0 0.0
Parotid-R Vi/% 0.0 0.0
Patient 4 50 Gy in 25 fractions Brain stem Maximum dose/Gy 53.6 53.6
Spinal Maximum dose/Gy 49.6 50.3
PTV HI 1.01 0.95
Parotid-L Vi/% 2.3 1.2
Parotid-R Vi/% 5.7 3.4
Patient 5 50 Gy in 25 fractions Brain stem Maximum dose/Gy 52.1 50.6
Spinal Maximum dose/Gy 43.6 44.4
PTV HI 1.33 1.17

Patient 1, Patient 2, Patient 3 suffered from lung cancers; Patient 4 and Patient 5 suffered from head and neck cancers.
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