Supplemental Material 1
PET/CT imaging was conducted using a Siemens Biograph mCT-64 scanner. The radiotracer employed was 18F-fluorodeoxyglucose (18F-FDG), synthesized using a Sumitomo HM-10HC medical cyclotron and synthesis module (Sumitomo, Japan), with a radiochemical purity exceeding 99%. Prior to imaging, all patients underwent a fasting period, and their blood glucose levels were confirmed to be below 11.1 mmol/L. The administered radiotracer dose ranged from 3.7 to 5.5 MBq/kg, delivered via intravenous injection.
Standard gastrointestinal preparation involved oral administration of 1000 mL of a 1.5% diatrizoate meglumine solution. Of this, 800 mL was consumed evenly during the 50-minute radiotracer uptake period, while the remaining 200 mL was ingested immediately before scanning. Patients were instructed to remove metallic objects and empty their bladder prior to the examination.
A low-dose CT scan was initially performed for attenuation correction and image fusion, using a tube voltage of 120 kV and an effective tube current of 80 mAs. For PET acquisition, the scan duration was set to 1.5 minutes per bed position for the body (typically 6–7 bed positions depending on the patient’s height) and 2 minutes per bed position for the head.
Image reconstruction was conducted using a high-definition iterative algorithm combined with time-of-flight technology (TrueX + TOF, ultraHD-PET). The reconstruction parameters were set to 3 iterations and 21 subsets for the body and 4 iterations and 25 subsets for the head. Image fusion and interpretation were performed immediately following image acquisition.
Supplemental Material 2.
This study extracted 19 localized feature vectors: original_firstorder_Entropy, original_firstorder_MeanAbsoluteDeviation, original_firstorder_Median, original_glcm_DifferenceAverage, original_glcm_DifferenceEntropy, original_glcm_DifferenceVariance, original_glcm_Imc1, original_glcm_Imc2, original_glcm_InverseVariance, original_glcm_JointEnergy, original_glcm_JointEntropy, original_glcm_SumEntropy, original_glrlm_LongRunEmphasis, original_glrlm_RunEntropy, original_glrlm_RunVariance, original_glrlm_SizeZoneNonUniformityNormalized, original_glszm_SmallAreaHighGrayLevelEmphasis, original_ngtdm_Contrast, original_ngtdm_Strength.
Supplemental Material 3.
In this study, the habitat radiomics model was developed based on nine features with non-zero coefficients, selected as follows:
· 2 intratumoral features: intra_wavelet_LHL_glcm_ClusterShade, intra_wavelet_HHH_glszm_SmallAreaEmphasis;
· 5 features from Habitat 1: wavelet_HHH_firstorder_Kurtosis_h1, wavelet_HLH_glcm_Correlation_h1, lbp_3D_m2_gldm_DependenceVariance_h1, lbp_3D_m2_firstorder_Minimum_h1, wavelet_LHH_firstorder_Skewness_h1;
· 1 feature from Habitat 2: wavelet_LLH_glcm_Correlation_h2;
· 1 feature from Habitat 3: lbp_3D_m2_firstorder_RootMeanSquared_h1.
Supplemental Material 4.
In this study, the 3D deep learning model was constructed based on 16 features with non-zero coefficients, including:
PET-resnet101-DL_1373, PET-resnet101-DL_1618, CT-densenet169-DL_1149, CT-densenet169-DL_647, PET-resnet101-DL_294, PET-resnet101-DL_1249, CT-densenet169-DL_677, PET-resnet101-DL_1050, PET-resnet101-DL_1161, PET-resnet101-DL_932, PET-resnet101-DL_604, PET-resnet101-DL_1785, PET-resnet101-DL_786, PET-resnet101-DL_1100, PET-resnet101-DL_1012, PET-resnet101-DL_1975.
Supplemental Material 5.
In this study, the multimodal fusion model was constructed based on 24 features with non-zero coefficients, including:
PET-resnet101-DL_1373, CT-densenet169-DL_647, wavelet_HHH_firstorder_Kurtosis_h1, Ki67, lbp_3D_m2_gldm_DependenceVariance_h1, wavelet_HLH_glcm_Correlation_h1, PET-resnet101-DL_1050, PET-resnet101-DL_1618, intra_wavelet_HHH_glszm_SmallAreaEmphasis, PET-resnet101-DL_1161, CT-densenet169-DL_677, CT-densenet169-DL_1149, wavelet_LLH_glcm_Correlation_h2, intra_wavelet_LHL_glcm_ClusterShade, PET-resnet101-DL_294, PET-resnet101-DL_1249, PET-resnet101-DL_1975, PET-resnet101-DL_1100, PET-resnet101-DL_1012, lbp_3D_m2_firstorder_Minimum_h1, PET-resnet101-DL_1785, PET-resnet101-DL_786, lbp_3D_m2_firstorder_RootMeanSquared_h3.1, wavelet_LHH_firstorder_Skewness_h1.
Table 1 Baseline characteristics of patients in cohorts.
	Feature-Name
	Train-label-ALL
	Train-label=0
	Train-label=1
	test-label=ALL
	test-label=0
	test-label=1

	age
	60.28±13.30
	60.24±13.58
	60.33±12.97
	63.57±15.28
	63.78±15.49
	63.18±15.34

	Ki-67
	77.05±10.79
	75.26±11.86
	79.68±8.39
	74.69±14.59
	72.66±16.31
	78.53±9.96

	TLG
	4483.53±6121.33
	4590.82±6071.60
	4325.34±6229.98
	2573.58+3992.51
	3256.64±4761.32
	1287.80±1098.76

	sTLG
	77.71±101.84
	78.90±101.84
	75.95±102.47
	42.01±261.30
	52.64±72.53
	22.00±20.67

	MTV
	431.34±627.08
	409.68±521.19
	463.27±759.35
	245.66±341.29
	313.60±401.28
	117.78±104.10

	sMTV
	12.02±57.28
	14.74±73.57
	8.03±11.87
	5.62±9.31
	7.51±11.01
	2.06±2.08

	D max
	36.07±26.89
	34.70±25.66
	38.10±28.66
	33.76±28.39
	38.09±29.48
	25.60+25.01

	SUV max
	25.59±9.33
	25.76±8.65
	25.34±10.30
	25.67±8.32
	25.88±9.31
	25.29±6.29

	gender
	
	
	
	
	
	

	0
	96(49.74)
	52(45.22)
	44(56.41)
	24(48.98)
	20(62.50)
	4(23.53)

	1
	97(50.26)
	63(54.78)
	34(43.59)
	25(51.02)
	12(37.50)
	13(76.47)

	COO
	
	
	
	
	
	

	0
	58(30.05)
	43(37.39)
	15(19.23)
	18(36.73)
	15(46.88)
	3(17.65)

	1
	135(69.95)
	72(62.61)
	63(80.77)
	31(63.27)
	17(53.12)
	14(82.35)

	Ann-Arbor
	
	
	
	
	
	

	1
	14(7.25)
	8(6.96)
	6(7.69)
	6(12.24)
	5(15.62)
	1(5.88)

	2
	69(35.75)
	43(37.39)
	26(33.33)
	17(34.69)
	8(25.00)
	9(52.94)

	3
	33(17.10)
	22(19.13)
	11(14.10)
	10(20.41)
	6(18.75)
	4(23.53)

	4
	77(39.90)
	42(36.52)
	35(44.87)
	16(32.65)
	13(40.62)
	3(17.65)


*SUV max: maximal standardized uptake value, MTV: total metabolic tumor volume, SMTV: standardized total metabolic tumor volume, TLG: total lesion glycolysis, STLG: standardized total lesion glycolysis, D max: maximal inter-lesion distance.

Supplementary Table 2
 Comparison of model performance for different machine learning algorithms based on radiomic features extracted from intratumoral and tumor subregional analyses
	Model-Name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Precision
	Recall
	F1
	Threshold
	Task

	SVM
	0.777
	0.833
	0.773 - 0.893
	0.769
	0.783
	0.706
	0.833
	0.706
	0.769
	0.736
	0.377
	train

	SVM
	0.755
	0.765
	0.606 - 0.924
	0.588
	0.844
	0.667
	0.794
	0.667
	0.588
	0.625
	0.433
	test

	KNN
	0.679
	0.767
	0.703 - 0.831
	0.231
	0.983
	0.900
	0.653
	0.900
	0.231
	0.367
	0.600
	train

	KNN
	0.694
	0.736
	0.601 - 0.871
	0.412
	0.844
	0.583
	0.730
	0.583
	0.412
	0.483
	0.400
	test

	Random Forest
	0.788
	0.889
	0.845 - 0.933
	0.923
	0.696
	0.673
	0.930
	0.673
	0.923
	0.778
	0.365
	train

	Random Forest
	0.673
	0.737
	0.592 - 0.883
	0.706
	0.656
	0.522
	0.808
	0.522
	0.706
	0.600
	0.402
	test

	Light GBM
	0.808
	0.869
	0.820 - 0.918
	0.782
	0.826
	0.753
	0.848
	0.753
	0.782
	0.767
	0.444
	train

	Light GBM
	0.837
	0.812
	0.661 - 0.964
	0.647
	0.937
	0.846
	0.833
	0.846
	0.647
	0.733
	0.479
	test

	AdaBoost
	0.751
	0.842
	0.788 - 0.896
	0.744
	0.757
	0.674
	0.813
	0.674
	0.744
	0.707
	0.491
	train

	AdaBoost
	0.735
	0.760
	0.611 - 0.909
	0.588
	0.812
	0.625
	0.788
	0.625
	0.588
	0.606
	0.535
	test


*ACC: accuracy, AUC: the area under the receiver operating characteristic curve, PPV: positive predictive value, NPV: negative predictive value, F1: F1 Score


Supplementary Table 3
[bookmark: OLE_LINK14] Comparison of model performance for different machine learning algorithms based on 3D deep learning features
	Model-Name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Precision
	Recall
	F1
	Threshold
	Task

	SVM
	0.777
	0.844
	0.787 - 0.902
	0.731
	0.809
	0.722
	0.816
	0.722
	0.731
	0.726
	0.375
	train

	SVM
	0.694
	0.715
	0.562 - 0.869
	0.588
	0.750
	0.556
	0.774
	0.556
	0.588
	0.571
	0.398
	test

	KNN
	0.767
	0.847
	0.796 - 0.898
	0.615
	0.870
	0.762
	0.769
	0.762
	0.615
	0.681
	0.400
	train

	KNN
	0.592
	0.519
	0.346 - 0.693
	0.118
	0.844
	0.286
	0.643
	0.286
	0.118
	0.167
	0.600
	test

	Random Forest
	0.813
	0.861
	0.808- 0.913
	0.705
	0.887
	0.809
	0.816
	0.809
	0.705
	0.753
	0.556
	train

	Random Forest
	0.735
	0.684
	0.502- 0.865
	0.529
	0.844
	0.643
	0.771
	0.643
	0.529
	0.581
	0.543
	test

	Light GBM
	0.819
	0.892
	0.847- 0.937
	0.833
	0.809
	0.747
	0.877
	0.747
	0.833
	0.788
	0.420
	train

	Light GBM
	0.735
	0.703
	0.525- 0.882
	0.765
	0.719
	0.591
	0.852
	0.591
	0.765
	0.667
	0.431
	test

	AdaBoost
	0.788
	0.861
	0.811- 0.911
	0.705
	0.843
	0.753
	0.808
	0.753
	0.705
	0.728
	0.492
	train

	AdaBoost
	0.633
	0.600
	0.420 - 0.780
	0.588
	0.656
	0.476
	0.750
	0.476
	0.588
	0.526
	0.480
	test



Supplementary Table 4
 Comparison of model performance for different machine learning algorithms based on multimodal fusion features
	Model-Name
	Accuracy
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Precision
	Recall
	F1
	Threshold
	Task

	SVM
	0.881
	0.946
	0.917 - 0.974
	0.859
	0.896
	0.848
	0.904
	0.848
	0.859
	0.854
	0.411
	train

	SVM
	0.837
	0.890
	0.793 - 0.987
	0.647
	0.937
	0.846
	0.833
	0.846
	0.647
	0.733
	0.482
	test

	KNN
	0.736
	0.872
	0.826 - 0.918
	0.372
	0.983
	0.935
	0.698
	0.935
	0.372
	0.532
	0.600
	train

	KNN
	0.673
	0.683
	0.517-0.849
	0.471
	0.781
	0.533
	0.735
	0.533
	0.471
	0.500
	0.400
	test

	Random Forest
	0.845
	0.919
	0.882 - 0.957
	0.910
	0.800
	0.755
	0.929
	0.755
	0.910
	0.826
	0.411
	train

	Random Forest
	0.857
	0.877
	0.761- 0.992
	0.647
	0.969
	0.917
	0.838
	0.917
	0.647
	0.759
	0.507
	test

	Light GBM
	0.819
	0.926
	0.893 - 0.960
	0.872
	0.783
	0.731
	0.900
	0.731
	0.872
	0.795
	0.427
	train

	Light GBM
	0.694
	0.759
	0.618 - 0.9008
	0.706
	0.687
	0.545
	0.815
	0.545
	0.706
	0.615
	0.439
	test

	AdaBoost
	0.834
	0.921
	0.886 - 0.956
	0.885
	0.800
	0.750
	0.911
	0.750
	0.885
	0.812
	0.478
	train

	AdaBoost
	0.776
	0.814
	0.691 - 0.937
	0.471
	0.937
	0.800
	0.769
	0.800
	0.471
	0.593
	0.511
	test



