Supplementary: Prognostic role of pre-treatment magnetic resonance imaging (MRI)-based radiomic analysis in effectively cured head and neck squamous cell carcinoma (HNSCC) patients
Materials and methods
Image processing and radiomic features extraction
A few preprocessing steps were applied to the MRI images prior to the extraction of the RFs. A gaussian filter was applied to reduce high-frequency noise in the MRI images. Bias field correction was performed using the N4ITK algorithm 1 to reduce potential effects due to inhomogeneity of the magnetic field. Z-score standardization was performed to ensure that the range of intensity in the MRI images was the same. Last, the images were resampled to a common isotropic resolution of 2 mm (as in 2) using B-spline interpolation.
An initial set of 2553 RFs was extracted from the MRI volumes (851 RFs per imaging type) using the Pyradiomics library (version 3.0).3 Prior to features extraction, the ROI was also interpolated on the grid of the T1-w images using an in-house code developed in MATLAB. Features belonged to different categories such as shape and size, first order statistics (FOS) and textural features. Textural features were computed using 5 different textural matrices: the grey level co-occurrence matrix (GLCM); the grey level run length matrix (GLRLM); the grey level size zone matrix (GLSZM); the neighboring grey tone difference matrix (NGTDM); the grey level dependence matrix (GLDM). FOS and textural features were extracted from both the original volumes and the 8 volumes obtained by first level wavelet decomposition.4 For the full list of RFs, refer to Pyradiomics documentation. 5 A 32-bins grey level discretization was used prior to the RFs extraction.
Features selection and model training
A process of RFs selection was applied to identify the most useful features to fit the predictive model for cancer recurrence risk. All the steps of RFs selection and model training (see Figure S1, which illustrates the workflow of the radiomic analysis) were performed in MATLAB (version 2019a). 
A first, preliminary RFs selection for the model was based on features stability. A test with virtual phantoms was performed as previously described6 to assess stability to variations in the image acquisition parameters. Also, stability analysis to small translation of the ROI was performed as formerly described7 as a surrogate of stability against multiple segmentations of the ROI. In both tests, intra-class correlation coefficient (ICC) was computed to quantify features stability, and RFs with ICC>0.75 in both tests were selected.
The second step consisted of a correlation-based RFs selection, performed to ensure a set of features with low internal redundancy. Spearman correlation coefficient ρ was computed for each pair of features and in case a pair had |ρ| > 0.85, only the feature with the lower mean Spearman coefficient with all the others (n-2) features was selected, ‘n’ being the total number of features.
A Mann-Whitney U test was applied to each of the remaining features, to identify those that could significantly discriminate patients who recurred within 5 years from those who did not. Only the significantly different RFs were kept.
The final predictive model for 5y-cancer recurrence prediction was developed using the least absolute shrinkage and selection operator (LASSO) in combination with logistic regression.8 LASSO is a type of model that depends on a tuning parameter λ, which controls the number of features used (the lower the λ, the higher the number of features). The optimal value for λ was selected through internal cross-validation. The radiomic signature was computed for each patient by multiplying the selected features and the corresponding regression coefficients. Patients with signature higher than threshold were classified as high-risk (HR) patients, while the others were classified as low-risk (LR) patients. The optimal threshold was estimated using the Receiver Operating Characteristic (ROC) curve of the TS. In particular, the threshold corresponding to the point of the curve closer to the optimal point of the ROC curve (sensitivity 100%, false positive rate 0%) was selected.
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Figure S1. Image representing the workflow that goes from the MRI images to de development and validation of the radiomic signature.


Results
[bookmark: _Hlk61083886]Detailed information about the selected RFs selected was provided in Table S1 and Table S2.
	[bookmark: _Hlk42065122]Feature
	T1w_original_glszm_
SizeZoneNonUniformity
	T1wCont_waveletLLL_ngtdm_
Complexity
	T2w_waveletHLL_gldm_
DependenceVariance

	Mean 
(before/after normalization)
	78.70 / 0
	727.67 / 0
	5.55 / 0

	Standard deviation 
(before/after normalization)
	51.01 / 1
	226.27 / 1
	4.12 / 1

	Median 
(before/after normalization)
	64.91 / -0.27
	681.21 / -0.21
	4.80 / -0.18

	Interquartile range 
(before/after normalization)
	60.66 / 1.19
	334.97 / 1.48
	5.13 /1.24

	10th percentile
(before/after normalization)
	25.37 / -1.05
	491.88 / -1.04
	1.63 / -0.95

	90th percentile
(before/after normalization)
	153.72 / 1.47
	987.62 / 1.15
	10.07 /1.10

	Regression coefficient
	0.40
	-0.56
	0.11


Table S1. Characteristics of the RFs used for the radiomic signature. The letters after the wavelet names (H or L) refer to the frequency components (high frequency or low frequency) analyzed in the x, y or z direction, respectively. SizeZoneNonUniformity: measures the variability of size zone volumes (regions of homogeneous intensity) in the image, with a lower value indicating more homogeneity in size zone volumes. Complexity: measure that correlates with the presence of rapid changes in gray level intensity. DependenceVariance: measures the variance in dependence size in the image. Dependence is the similarity between the grey level of one voxel and the ones next to it.

	Feature name
	Regression coefficient

	T1w_original_glszm_SizeZoneNonUniformity
	0.40

	T1wCont_waveletLLL_ngtdm_Complexity
	-0.56

	T2w_waveletHLL_gldm_DependenceVariance
	0.11

	Intercept
	1.63



Table S2. Regression coefficients and intercept used for the computation of the radiomic signature. The regression coefficients are used to multiply the corresponding radiomic features after normalization.




The heatmap in Figure S2 depicted a graphical insight of the association between the selected RFs and the clinical data.
[image: ]
Figure S2. Heatmap of the p-values of the statistical tests (Kruskal-Wallis and Wilcoxon), used to evaluate the association of the RFs with the clinical variables. Significant associations were highlighted with a white star. HPV, human papillomavirus.
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