Supplementary
Description of Local Features
Local features in a dataset provide detailed insights into specific aspects or characteristics of the data. These features could include various measurements or attributes of the data points, such as intensity, texture, or other statistical properties. In many cases, local features help in understanding the intricate details of the dataset, enabling more precise modeling or analysis.
A total of 19 local features were extracted in this study, specifically: firstorder_Entropy, firstorder_MeanAbsoluteDeviation, firstorder_Median, glcm_DifferenceAverage, glcm_DifferenceEntropy, glcm_DifferenceVariance, glcm_Imc1, glcm_Imc2, glcm_InverseVariance, glcm_JointEnergy, glcm_JointEntropy, glcm_SumEntropy, glrlm_LongRunEmphasis, glrlm_RunEntropy, glrlm_RunVariance, glszm_SizeZoneNonUniformityNormalized, glszm_SmallAreaHighGrayLevelEmphasis, ngtdm_Contrast, ngtdm_Strength. The definitions for these typical features are: 
Entropy: Entropy specifies the uncertainty/randomness in the image values.

Mean Absolute Deviation (MAD) : MAD is the mean distance of all intensity values from the Mean Value of the image array.

Difference Entropy: Measures the randomness/variability in neighborhood intensity value differences.

Difference Variance: A measure of heterogeneity, giving higher weights to differing intensity level pairs.

Joint Energy: A measure of homogeneous patterns in the image.

Joint Entropy: Measures the randomness/variability in neighborhood intensity values.




	feature_name
	train-non-metastasis
	train-metastasis
	pvalue
	train-non-metastasis
	train-metastasis

	age
	38.47±11.23
	43.06±11.28
	0.064
	42.29±8.14
	37.50±11.56

	serum_Tg
	15.77±17.38
	45.17±69.86
	0.053
	17.53±16.26
	34.04±40.47

	max_diameter
	0.67±0.40
	1.20±0.68
	<0.001
	0.73±0.47
	1.16±0.73

	TSH
	2.01±1.38
	6.34±22.40
	0.357
	2.08±1.35
	1.57±0.92

	gender
	
	
	0.002
	
	

	Female
	40(93.02)
	19(61.29)
	
	19(90.48)
	4(33.33)

	Male
	3(6.98)
	12(38.71)
	
	2(9.52)
	8(66.67)

	diabetes
	
	
	1.0
	
	

	No
	42(97.67)
	31(100.00)
	
	20(95.24)
	12(100.00)

	Yes
	1(2.33)
	null
	
	1(4.76)
	null

	hypertension
	
	
	0.212
	
	

	No
	40(93.02)
	25(80.65)
	
	21(100.00)
	11(91.67)

	Yes
	3(6.98)
	6(19.35)
	
	null
	1(8.33)

	smoke
	
	
	0.086
	
	

	No
	42(97.67)
	26(83.87)
	
	20(95.24)
	9(75.00)

	Yes
	1(2.33)
	5(16.13)
	
	1(4.76)
	3(25.00)

	unilateral_bilateral
	
	
	<0.001
	
	

	Single Slide
	43(100.00)
	14(45.16)
	
	20(95.24)
	8(66.67)

	Double Slide
	null
	17(54.84)
	
	1(4.76)
	4(33.33)

	single_multiple
	
	
	<0.001
	
	

	Single
	41(95.35)
	16(51.61)
	
	21(100.00)
	10(83.33)

	Multi
	2(4.65)
	15(48.39)
	
	null
	2(16.67)

	side
	
	
	<0.001
	
	

	Both
	null
	17(54.84)
	
	1(4.76)
	4(33.33)

	Right
	29(67.44)
	10(32.26)
	
	7(33.33)
	5(41.67)

	Left
	14(32.56)
	4(12.90)
	
	13(61.90)
	3(25.00)


Table 1. Baseline characteristics of the patients.
	feature_name
	OR
	OR lower 95%CI
	OR upper 95%CI
	p_value
	OR
	OR lower 95%CI
	OR upper 95%CI

	diabetes
	0.654
	0.284
	1.507
	0.400
	
	
	

	side
	0.681
	0.605
	0.768
	0.000
	1.031
	0.875
	1.214

	serum_Tg
	1.003
	1.001
	1.005
	0.010
	1.0
	0.998
	1.001

	TSH
	1.005
	0.998
	1.012
	0.209
	
	
	

	age
	1.009
	1.000
	1.017
	0.087
	
	
	

	hypertension
	1.326
	0.991
	1.774
	0.111
	
	
	

	max_diameter
	1.452
	1.254
	1.680
	0.000
	1.276
	1.114
	1.462

	smoke
	1.570
	1.113
	2.214
	0.032
	1.301
	1.015
	1.669

	gender
	1.613
	1.292
	2.014
	0.001
	1.267
	1.065
	1.508

	single_multiple
	1.825
	1.498
	2.223
	0.000
	0.99
	0.77
	1.271

	unilateral_bilateral
	2.126
	1.782
	2.537
	0.000
	1.962
	1.433
	2.686


Table 2. Univariable and Multivariable Analysis of clinical features.

3a IntraRad Signature
	 model_name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV

	SVM
	0.946
	0.991
	0.9711 - 1.0000
	0.875
	1.000
	1.000
	0.913

	SVM
	0.946
	0.939
	0.8203 - 1.0000
	0.867
	1.000
	1.000
	0.917

	RandomForest
	0.946
	0.994
	0.9801 - 1.0000
	0.882
	1.000
	1.000
	0.909

	RandomForest
	0.892
	0.916
	0.8100 - 1.0000
	0.786
	0.957
	0.917
	0.880

	ExtraTrees
	0.946
	0.994
	0.9796 - 1.0000
	0.933
	0.955
	0.933
	0.955

	ExtraTrees
	0.919
	0.958
	0.8901 - 1.0000
	0.812
	1.000
	1.000
	0.875


3b Habitat Signature
	model_name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV

	SVM
	0.946
	0.988
	0.9624 - 1.0000
	0.875
	1.000
	1.000
	0.913

	SVM
	0.919
	0.985
	0.9566 - 1.0000
	0.867
	0.955
	0.929
	0.913

	RandomForest
	0.946
	0.961
	0.8881 - 1.0000
	0.857
	1.000
	1.000
	0.920

	RandomForest
	0.784
	0.918
	0.8174 - 1.0000
	0.529
	1.000
	1.000
	0.714

	ExtraTrees
	0.919
	0.982
	0.9516 - 1.0000
	0.937
	0.905
	0.882
	0.950

	ExtraTrees
	0.919
	0.982
	0.9482 - 1.0000
	0.867
	0.955
	0.929
	0.913


Table3a Median results of Rad Signature in 1000x bootstrap. 3b Median results of Habitat Signature in 1000x bootstrap.
	 Signature
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV

	Clinical
	0.892
	0.943
	0.8518 - 1.0000
	0.750
	1.000
	1.000
	0.840

	Habitat
	0.946
	0.988
	0.9624 - 1.0000
	0.875
	1.000
	1.000
	0.913

	Clinical
	0.811
	0.912
	0.8249 - 0.9994
	0.533
	1.000
	1.000
	0.759

	Habitat
	0.919
	0.985
	0.9566 - 1.0000
	0.867
	0.955
	0.929
	0.913

	Clinical
	0.818
	0.867
	0.7423 - 0.9919
	0.667
	0.905
	0.800
	0.826

	Habitat
	0.939
	0.992
	0.9733 - 1.0000
	0.917
	0.952
	0.917
	0.952


Table5. Metrics on different signature.
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