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Table S1. Histogram-based and texture features used in this study. 

 
Texture type Reference(s) Feature name 

14 histogram-

based features 
- - 

Energy  

Entropy  

Kurtosis  

Maximum  

Mean 

Mean absolute difference (MAD)  

Median  

Minimum  

Range  

Root mean square (RMS)  

Skewness 

Standard deviation (STD) 

Uniformity  

Variance 

45 Texture 

features 

Gray-level co-

occurrence matrix 

(GLCM) 

Haralick et al. [1] 

Energy 

Contrast 

Entropy 

Homogeneity 

Correlation 

Haralick et al. [1], 

Assefa et al. [2] 

Sum Average 

Variance 

Thibault [3] Dissimilarity 

Aerts et al. [4] Auto correlation 

Gray-level run-

length matrix 

(GLRLM) 

Galloway [5] 

Short run emphasis (SRE) 

Long run emphasis (LRE) 

Gray-level nonuniformity (GLN) 

Run-length nonuniformity (RLN) 

Run percentage (RP) 

Chu et al. [6] 
Low gray-level run emphasis (LGRE) 

High gray-level run emphasis (HGRE) 

Dasarathy and Holder 

[7] 

Short run low gray-level emphasis 

(SRLGE) 

Short run high gray-level emphasis 

(SRHGE)  
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Long run low gray-level emphasis 

(LRLGE) 

Long run high gray-level emphasis 

(LRHGE) 

Thibault et al. [8] 
Gray-level variance (GLV) 

Run-length variance (RLV) 

Gray-level size zone 

matrix (GLSZM) 

Galloway [5], Thibault 

et al. [8] 

Small zone emphasis (SZE) 

Large zone emphasis (LZE) 

Gray-level nonuniformity (GLN) 

Zone-size nonuniformity (ZSN) 

Zone percentage (ZP) 

Chu et al. [6], Thibault 

et al. [8] 

Low gray-level zone emphasis (LGZE) 

High gray-level zone emphasis (HGZE) 

Dasarathy and Holder 

[7], Thibault et al. [8] 

Small zone low gray-level emphasis 

(SZLGE) 

Small zone high gray-level emphasis 

(SZHGE) 

Large zone low gray-level emphasis 

(LZLGE)  

Large zone high gray-level emphasis 

(LZHGE) 

Thibault et al. [8] 
Gray-level variance (GLV) 

Zone-size variance (ZSV) 

Neighborhood gray-

tone difference 

matrix (NGTDM) 

Amadasun and King [9] 

Coarseness 

Contrast 

Busyness 

Complexity 

Strength 

Neighboring gray-

level dependence 

matrix (NGLDM) 

Sun and Wee [10] 

Small number emphasis (SNE) 

Large number emphasis (LNE) 

Number nonuniformity (NN) 

Second moment (SM) 

Entropy  
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Table S2. Conversion table for clinical variables. 

T stage N stage TNM stage HPV 

Character 

value 

Numeric 

value 

Character 

value 

Numeric 

value 

Character 

value 

Numeric 

value 

Character 

value 

Numeric 

value 

T0 1 N0 1 I 1 NA Exclude 

T1 2 N1 2 II 2 Negative 1 

T2 3 N2 3 III 3 Positive 2 

T3 4 N2a 4 IV 4 

  
T3a 5 N2b 5 IVA 5 

  
T4 6 N2c 6 IVB 6 

  
T4a 7 N3 7 

    
T4b 8 N3a 8 

    

  

N3b 9 
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Table S3. Means and standard deviations of intra-class correlation coefficients for conventional, b1, and b1 features. 

Conventional features b0 PH features b1 PH features 

 Mean SD  Mean SD  Mean SD 

6 bit 0.672 0.229 6 bit_b0_0.0001 0.636 0.269 6 bit_b1_0.0001 0.688 0.218 

7 bit 0.656 0.239 6 bit_b0_0.001 0.630 0.284 6 bit_b1_0.001 0.660 0.235 

8 bit 0.651 0.238 6 bit_b0_0.01 0.636 0.275 6 bit_b1_0.01 0.654 0.241 

9 bit 0.636 0.247 6 bit_b0_0.1 0.648 0.269 6 bit_b1_0.1 0.662 0.234 

   6 bit_b0_1 0.750 0.198 6 bit_b1_1 0.749 0.199 

   7 bit_b0_0.0001 0.665 0.260 7 bit_b1_0.0001 0.683 0.235 

   7 bit_b0_0.001 0.678 0.254 7 bit_b1_0.001 0.671 0.241 

   7 bit_b0_0.01 0.685 0.230 7 bit_b1_0.01 0.678 0.237 

   7 bit_b0_0.1 0.693 0.252 7 bit_b1_0.1 0.696 0.232 

   7 bit_b0_1 0.747 0.215 7 bit_b1_1 0.693 0.221 

   8 bit_b0_0.0001 0.690 0.252 8 bit_b1_0.0001 0.653 0.256 

   8 bit_b0_0.001 0.682 0.236 8 bit_b1_0.001 0.648 0.255 

   8 bit_b0_0.01 0.664 0.263 8 bit_b1_0.01 0.611 0.268 

   8 bit_b0_0.1 0.729 0.218 8 bit_b1_0.1 0.598 0.283 

   8 bit_b0_1 0.718 0.227 8 bit_b1_1 0.684 0.239 

   9 bit_b0_0.0001 0.680 0.258 9 bit_b1_0.0001 0.661 0.227 

   9 bit_b0_0.001 0.726 0.224 9 bit_b1_0.001 0.658 0.237 

   9 bit_b0_0.01 0.731 0.222 9 bit_b1_0.01 0.689 0.225 

   9 bit_b0_0.1 0.722 0.228 9 bit_b1_0.1 0.687 0.221 

   9 bit_b0_1 0.706 0.243 9 bit_b1_1 0.686 0.223 
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Table S4. Best signatures from conventional and PH-based features. 

Conventional CT Conventional PET Conventional PET/CT 

CT_ LHH_NGTDM_Busyness PET_LHH_NGTDM_Strength CT_LHL_GLSZM_GLV 

CT_Hist_Mean 
 

CT_Hist_STD 

CT_GLSZM_LZLGE 
 

CT_LHH_GLSZM_LZLGE 

CT_LHH_GLRLM_SRLGE 
  

CT_HHL_GLSZM_GLV 
  

CT_HLH_Hist_Kurtosis 
  

PH-CT PH-PET PH-PET/CT 

CT_ b1_HLH_GLCM_Correlation PET_ b0_Hist_Min PET_b0_HHL_Hist_Mean 

 
PET_ b0_LLL_GLSZM_SZHGE CT_b1_HLH_Hist_Mean 

 
PET_ b0_HHL_GLSZM_LGZE PET_b1_LHL_GLCM_AutoCorrelation 

 
PET_ b0_HHL_GLSZM_LZE 
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(a) 

(b) 

(c) 

(d) 

Figure S1. Optimized blending parameter  𝛼  of the Coxnet model (left) and number of selected signature 

candidates (right) for 6-, 7-, 8-, and 9- (a) Conventional (CT, PET, and PET/CT), (b) b0 and b1 PH-CT, (c) b0 

and b1 PH-PET, and (d) b0 and b1 PH-PET/CT features. 
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Figure S2. Log-rank p-values in the training and test cohorts of CPHMs built using conventional (a) CT, (b) PET, 

and (c) PET/CT signatures. 
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(a) 

(b) 

(c) 

Figure S3. Log-rank p-values in the training (left column) and test cohorts (right column) of CPHMs built using 

(a) PH-CT, (b) PH-PET, and (c) PH-PET/CT signatures. 
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Figure S4. Log-rank p-values in the training and test cohorts of CPHMs built using clinical signatures. 
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