Supplementary Material  
Quantitative evaluation of virtual monoenergetic imaging in primary head and neck malignancies: tumour contrast characteristics across energy levels using spectral detector CT.

Supplementary Figure S1.
Bland-Altman plot for interobserver agreement of tumour attenuation at 40 keV (n = 21 double-read cases). The solid horizontal line shows the mean bias (+2.34 HU); dashed lines show the 95 % limits of agreement (-39.94 to +44.62 HU). One outlier with a difference of approximately 94 HU is visible; all remaining cases cluster within ± 20 HU of the bias line.
Alt text: Bland-Altman scatter plot with the mean of two readers on the x-axis (range approximately 180 to 480 HU) and the difference between readers on the y-axis. A solid line marks the bias at +2.34 HU; two dashed lines mark the 95 % limits of agreement. Twenty of 21 data points cluster near zero difference; one outlier lies at approximately +94 HU.  Supplementary Table S1. Friedman omnibus tests and Kendall's W effect sizes across VMI energy levels (40, 50, 60, 70, 120 keV; n = 56).  


Supplementary Table S1: Friedman omnibus tests and Kendall's W effect sizes across VMI energy levels (40, 50, 60, 70, 120 keV; n = 56).
	Parameter
	χ²(4)
	p
	Kendall's W
	Magnitude

	SNR – Mean tumour
	133.95
	< 0.001
	0.598
	large

	SNR – Maximum Intratumoral Enhancement
	122.39
	< 0.001
	0.546
	large

	CNR – Mean tumour
	178.06
	< 0.001
	0.795
	large

	CNR – Maximum Intratumoral Enhancement
	155.79
	< 0.001
	0.695
	large

	TRR – Mean tumour
	195.64
	< 0.001
	0.873
	large

	TRR – Maximum Intratumoral Enhancement
	165.58
	< 0.001
	0.739
	large


Friedman test on repeated measures across five VMI reconstructions. Kendall's W interpreted as small (< 0.3), medium (0.3–0.5), large (≥ 0.5). 



Supplementary Table S2. Pairwise Bonferroni-corrected Wilcoxon signed-rank tests with matched-pairs rank-biserial effect sizes (r) for CNR, TRR, and SNR (n = 56).
	Comparison
	CNR mean
	CNR peak
	TRR mean
	TRR peak
	SNR mean
	SNR peak

	40 vs 50 keV
	0.82
	0.74
	0.87
	0.86
	0.55
	0.53

	40 vs 60 keV
	0.84
	0.76
	0.87
	0.83
	0.68
	0.62

	40 vs 70 keV
	0.86
	0.79
	0.87
	0.84
	0.77
	0.71

	40 vs 120 keV
	0.86
	0.85
	0.81
	0.80
	0.84
	0.83

	50 vs 60 keV
	0.82
	0.72
	0.87
	0.80
	0.69
	0.63

	50 vs 70 keV
	0.86
	0.80
	0.86
	0.82
	0.76
	0.72

	50 vs 120 keV
	0.86
	0.85
	0.77
	0.77
	0.84
	0.72

	60 vs 70 keV
	0.81
	0.80
	0.85
	0.82
	0.72
	0.72

	60 vs 120 keV
	0.84
	0.85
	0.75
	0.75
	0.85
	0.85

	70 vs 120 keV
	0.80
	0.80
	0.73
	0.69
	0.82
	0.81


All comparisons: p < 0.001 after Bonferroni correction for 10 pairwise comparisons per parameter. Values show rank-biserial r: 0.1 small, 0.3 medium, ≥ 0.5 large. All comparisons reached large effect magnitude.


Supplementary Table S3. Sensitivity analysis restricted to patients with sternocleidomastoid reference muscle (n = 48).
	Parameter (STM subset)
	χ²(4)
	p
	Kendall's W

	CNR – Mean tumour
	147.22
	< 0.001
	0.767

	CNR – Maximum Intratumoral Enhancement
	129.64
	< 0.001
	0.675

	TRR – Mean tumour
	163.85
	< 0.001
	0.853






Comparison of CNR at 40 keV between the full cohort and the sternocleidomastoid subset:
	Cohort
	n
	Median CNR 40 keV
	Bootstrap 95% CI

	Full cohort
	56
	9.74
	[8.50, 11.83]

	STM subset
	48
	9.92
	[8.52, 13.88]


Excluding the eight patients in whom an alternative reference muscle (masseter, splenius capitis, or buccinator) was used did not alter the direction, magnitude, or significance of the primary findings. All Friedman omnibus tests remained highly significant with large effect sizes, and the median CNR at 40 keV was essentially unchanged.

Supplementary Table S4. Interobserver agreement (n = 21 double-read cases).  
	Metric
	Value

	n (double-read)
	21

	Mean bias (Reader 1 – Reader 2)
	2.34 HU

	SD of differences
	21.57 HU

	95% limits of agreement
	[–39.94, 44.62] HU

	ICC (2,1)
	0.948

	ICC 95% CI
	[0.878, 0.979]


Bland-Altman plot: Supplementary Figure S1. The small mean bias and high ICC support excellent interobserver reproducibility of tumour attenuation measurements at 40 keV. The comparatively wide limits of agreement reflect the high absolute attenuation range at low VMI energies rather than systematic disagreement. Bland-Altman analysis was performed on tumour attenuation at 40 keV (HU). CNR analysis was limited to pooled data, as reference-muscle measurements were not available for both readers.


Supplementary Table S5. Exploratory subgroup analyses of CNR – mean tumour at 40 keV.  
	Subgroup
	n
	Median
	IQR
	Test
	p

	p16 status
	
	
	
	Mann-Whitney U
	0.029

	p16 negative
	47
	10.20
	8.22–15.04
	
	

	p16 positive
	9
	4.89
	3.03–7.87
	
	

	p53 status
	
	
	
	Mann-Whitney U
	0.056

	p53 normal
	10
	6.38
	3.44-9.46
	
	

	p53 overexpressed
	46
	10.41
	8.03-15.15
	
	

	Anatomical site
	
	
	
	Kruskal–Wallis
	0.369

	Oropharynx
	32
	12.60
	7.55–18.36
	
	

	Hypopharynx
	5
	8.63
	4.43–9.75
	
	

	Larynx
	15
	8.60
	6.44–11.83
	
	

	Nasopharynx
	4
	9.31
	7.83–9.95
	
	


All subgroup analyses are exploratory and uncorrected for multiple testing. Given the small p16-positive subgroup (n = 9), the observed difference should be regarded as hypothesis-generating and warrants validation in larger cohorts.
