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Supplementary Material 

 

Figure A1: Plot used to determine the HU window. The histogram shows all voxel counts for the central 

slice of all 95 patients across all 21 energies. The black lines denote the chosen window. The peak of the 

histogram is about 3x105; on the right-hand side, a bin count ≈ 3x102 (103 dynamic range) corresponds to 

about 350 HU. To have a window of size 400 HU, we choose the left-hand side to be -50 HU. 

 

Figure A2: Median (dashed line) and lower bound (solid line) of ρ10 (blue) and ρ20 (red) for the FBN 

algorithm as a function of the CT energy, separated based on the six texture types. There is not much 

dependence on texture type, and all types have good stability. 
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Figure A3: Median (dashed line) and lower bound (solid line) of ρ10 (blue) and ρ20 (red) for the FBNequal 

algorithm as a function of the CT energy, separated based on the six texture types. All texture types have 

good stability, except for the NGLDM features, which only show good stability for energy ≥ 60 keV. 

 

Figure A4: Median (dashed line) and lower bound (solid line) of ρ10 (blue) and ρ20 (red) for the FBS 

algorithm as a function of the CT energy, separated based on the six texture types. No texture type has 

good stability. The texture type with the best stability (relatively speaking) is GLRLM, and the least stable 

type is GLCM, which reaches negative correlation values. 
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Figure A5: Median (dashed line) and lower bound (solid line) of ρ10 (blue) and ρ20 (red) for the FBSequal 

algorithm as a function of the CT energy, separated based on the six texture types. No texture type has 

good stability. The texture type with the best stability is again GLRLM (it shows good stability for the ±10 

HU variation, though not for ±20 HU); the least stable types are GLDZM and GLSZM. 

 

Figure A6: Median of the ratio between ρ20+ and ρ20- separated into the six texture feature types (each 

texture type further split based on the four binning algorithms) as a function of the CT energy. The most 

symmetric algorithm is FBNequal. While three of the four algorithms manage to stay within 1% 

asymmetry for the perturbation of ±20 HU, the exception is the FBSequal algorithm. Nonetheless, the 

asymmetry remains within 2-3%, depending on texture type. 
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Figure A7: Median (dashed line) and lower bound (solid line) of ρ10 (blue) and ρ20 (red) for the FBS 

algorithm as a function of the CT energy, separated based on the four bin widths (in HU). 

 

Figure A8: Median (dashed line) and lower bound (solid line) of ρ10 (blue) and ρ20 (red) for the FBSequal 

algorithm as a function of the CT energy, separated based on the four bin widths (in HU). 
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Figure A9: Stock image in MATLAB (cameraman.tif) converted to GLCM matrix using graycomatrix 

function. The default number of gray levels is 8. The three 8x8 matrices correspond to subtracted (-5 from 

each pixel value), original, and added image (+5 to each pixel value). 
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Figure A10: Stock image in MATLAB (circuit.tif) converted to GLCM matrix using graycomatrix function. 

The default number of gray levels is 8. The three 8x8 matrices correspond to subtracted (-5 from each 

pixel value), original, and added image (+5 to each pixel value). 



Page | 7  
 

 

 

 

Figure A11: Stock image in MATLAB (cell.tif) converted to GLCM matrix using graycomatrix function. The 

default number of gray levels is 8. The three 8x8 matrices correspond to subtracted (-5 from each pixel 

value), original, and added image (+5 to each pixel value). 
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Table A1: Median (first number) and lower bound (second number) of ρ10 for the public head-and-neck 

cancer dataset, separated by discretization algorithms and the six texture types. ‘All’ includes both texture 

and non-texture features. FBN is the most stable algorithm, and FBS the least. 

 FBN FBNequal FBS FBSequal 

All 0.99, 0.85 0.99, 0.74 0.97, 0.64 0.98, 0.81 

GLCM 0.99, 0.86 0.99, 0.88 0.99, 0.51 0.99, 0.87 

GLRLM 0.99, 0.89 0.99, 0.73 0.98, 0.73 0.98, 0.78 

GLSZM 0.98, 0.79 0.98, 0.86 0.97, 0.61 0.97, 0.74 

NGTDM 0.99, 0.93 1.00, 0.97 0.98, 0.73 0.99, 0.92 

GLDZM 0.97, 0.87 0.99, 0.89 0.96, 0.71 0.98, 0.79 

NGLDM 0.99, 0.79 0.99, 0.20 0.97, 0.57 0.98, 0.77 

 

Table A2: Median (first number) and lower bound (second number) of ρ20 for the public head-and-neck 

cancer dataset, separated by discretization algorithms and the six texture types. ‘All’ includes both texture 

and non-texture features. FBN is the most stable algorithm, and FBS the least. 

 FBN FBNequal FBS FBSequal 

All 0.98, 0.79 0.98, 0.65 0.97, 0.52 0.97, 0.75 

GLCM 0.98, 0.80 0.98, 0.85 0.98, 0.38 0.97, 0.80 

GLRLM 0.98, 0.83 0.98, 0.64 0.97, 0.57 0.97, 0.71 

GLSZM 0.97, 0.70 0.97, 0.78 0.97, 0.54 0.96, 0.66 

NGTDM 0.98, 0.88 1.00, 0.96 0.98, 0.53 0.98, 0.88 

GLDZM 0.96, 0.80 0.99, 0.81 0.95, 0.62 0.97, 0.71 

NGLDM 0.98, 0.71 0.99, 0.11 0.96, 0.36 0.97, 0.69 
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Table A3: Median of the ratio between ρ10+ and ρ10- for the public head-and-neck cancer dataset, separated 

by discretization algorithms and the six texture types. ‘All’ includes both texture and non-texture features. 

 FBN FBNequal FBS FBSequal 

All 1.00 1.00 1.00 1.00 

GLCM 1.00 1.00 1.00 1.00 

GLRLM 1.00 1.00 1.00 1.00 

GLSZM 1.00 1.00 1.00 1.00 

NGTDM 1.00 1.00 1.00 1.00 

GLDZM 1.00 1.00 1.00 1.00 

NGLDM 1.00 1.00 1.00 1.00 

 

Table A4: Median of the ratio between ρ20+ and ρ20- for the public head-and-neck cancer dataset, separated 

by discretization algorithms and the six texture types. ‘All’ includes both texture and non-texture features. 

 FBN FBNequal FBS FBSequal 

All 1.00 1.00 1.00 1.00 

GLCM 1.00 1.00 1.00 1.00 

GLRLM 1.00 1.00 1.00 1.00 

GLSZM 1.00 1.00 1.00 1.00 

NGTDM 1.00 1.00 1.00 1.00 

GLDZM 1.00 1.00 1.00 1.00 

NGLDM 1.00 1.00 1.00 1.00 

 


