Supplementary Table S1: MRI acquisition parameters
	[bookmark: TableS1]Parameters 
	T2WI
	
	DWI
	IVIM

	Sequence 
	TSE
	
	EPI
	EPI

	Repetition time (ms)
	2000-5000
	
	4919
	2373

	Echo time
	80
	
	90
	74

	Flip angle (degree)
	90
	
	90
	80

	Field of view (mm)
	300380
	
	315373
	375315

	Matrix
	376353
	
	128149
	12490

	Section thickness (mm)
	4
	
	4
	4

	b value
	
	
	1000 1400
	0 20 30 50 80 120 200 300 500 800 1000 1200

	Fat suppression
	SPAIR
	
	SPIR
	SPIR

	Scanning time (s)
	131
	
	127
	171


T2WI, T2-weighted imaging; DWI, diffusion weighted imaging; IVIM, intravoxel incoherent motion; TSE, turbo spin echo; EPI, echo planar imaging.


Supplementary Table S2: Interobserver reproducibility 
	[bookmark: TableS2]Parameters
	ICC
	95%CI

	f
	0.809
	0.701-0.878

	Dt
	0.934
	0.897-0.958

	Dp
	0.763
	0.628-0.849

	ADC
	0.940
	0.905-0.961

	MD
	0.899
	0.842-0.936

	MK
	0.888
	0.825-0.929


ICC, intraclass correlation coefficient; 95% CI, 95% confidence interval; f, perfusion-related diffusion fraction; Dt, slow diffusion coefficient; Dp, fast diffusion coefficient; ADC, apparent diffusion coefficient; MD kurtosis coefficient; MK kurtosis coefficient.


[bookmark: TableS3]Supplementary Table S3: Full diffusion MRI histogram feature comparison
	Parameters
	TD+
	TD-
	p-value

	f
	
	
	

	
	P 25
	8.827±2.070
	9.202±2.446
	0.473

	
	P 50
	13.046±2.261
	14.046±2.806
	0.006

	
	P 75
	18.470±2.998
	20.766±5.354
	0.027

	
	P 90
	23.179±4.176
	26.795±8.187
	0.020

	
	Skew
	0.569±0.307
	15.250±0.424
	0.182

	
	Kurt
	0.707±0.714
	1.097±1.535
	0.170

	Dt
	
	
	

	
	P 25
	0.848±0.891
	1.051±1.369
	0.452

	
	P 50
	0.956±1.021
	0.981±0.305
	0.878

	
	P 75
	1.101±1.182
	1.135±0.366
	0.884

	
	P 90
	1.237±1.260
	1.281±0.417
	0.829

	
	Skew
	0.441±0.332
	0.373±0.279
	0.323

	
	Kurt
	0.740±0.859
	0.647±0.652
	0.589

	Dp
	
	
	

	
	P 25
	0.116±0.156
	0.106±0.054
	0.682

	
	P 50
	0.174±0.093
	0.288±0.370
	0.079

	
	P 75
	0.518±0.328
	0.675±0.511
	0.119

	
	P 90
	1.132±0.632
	1.223±0.665
	0.537

	
	Skew
	2.098±0.858
	2.210±1.248
	0.654

	
	Kurt
	3.455±3.626
	3.989±3.199
	0.491

	ADC
	
	
	

	
	P 25
	0.822±0.096
	0.987±0.283
	0.001

	
	P 50
	0.926±0.127
	1.135±0.336
	0.001

	
	P 75
	1.070±0.168
	1.311±0.385
	0.001

	
	P 90
	1.239±0.236
	1.477±0.461
	0.007

	
	Skew
	0.372±0.362
	0.410±0.501
	0.705

	
	Kurt
	0.561±0.390
	0.649±0.516
	0.408

	MD
	
	
	

	
	P 25
	1.051±0.138
	1.252±0.375
	0.004

	
	P 50
	1.239±0.171
	1.504±0.209
	0.001

	
	P 75
	1.504±0.209
	1.745±0.398
	0.002

	
	P 90
	1.774±0.297
	2.002±0.555
	0.032

	
	Skew
	0.420±0.453
	0.400±0.459
	0.848

	
	Kurt
	0.839±1.074
	1.002±1.380
	0.570

	MK
	
	
	

	
	P 25
	0.992±0.210
	0.855±0.270
	0.016

	
	P 50
	1.270±0.162
	1.088±0.260
	0.001

	
	P 75
	1.489±0.169
	1.277±0.268
	0.001

	
	P 90
	1.694±0.242
	1.417±0.285
	0.001

	
	Skew
	0.285±0.362
	0.322±0.396
	0.665

	
	Kurt
	0.992±0.985
	0.809±0.912
	0.398


TDs, tumor deposits; ADC, Dt and D value: /s; f: %; Dp D: /s.



Supplementary Table S4: Pairwise Spearman correlation matrix of diffusion MRI features
	Variable
	f_MEAN
	ADC_MEAN
	ADC_10
	ADC_IQR
	MD_MEAN
	MD_10
	MK_mean

	f_MEAN
	1.000
	0.454
	0.345
	0.455
	0.501
	0.407
	-0.143

	ADC_MEAN
	0.454
	1.000
	0.893
	0.596
	0.867
	0.732
	-0.690

	ADC_10
	0.345
	0.893
	1.000
	0.361
	0.822
	0.829
	-0.621

	ADC_IQR
	0.455
	0.596
	0.361
	1.000
	0.584
	0.286
	-0.426

	MD_MEAN
	0.501
	0.867
	0.822
	0.584
	1.000
	0.780
	-0.565

	MD_10
	0.407
	0.732
	0.829
	0.286
	0.780
	1.000
	-0.364

	MK_mean
	-0.143
	-0.690
	-0.621
	-0.426
	-0.565
	-0.364
	1.000


f, perfusion-related diffusion fraction; Dt, slow diffusion coefficient; Dp, fast diffusion coefficient; ADC, apparent diffusion coefficient; MD kurtosis coefficient; MK kurtosis coefficient.


Supplementary Table S5: Univariable logistic regression results for all candidate variables
	Risk factor
	Univariable analyses

	
	OR (95%CI)
	p-value

	f
	
	
	

	
	P 50
	0.767 (0.626-0.939)
	0.010

	
	P 75
	0.982 (0.768-0.991)
	0.036

	
	P 90
	0.909 (0.834-0.991)
	0.030

	ADC
	
	
	

	
	P 25
	0.948 (0.913-0.983)
	0.004

	
	P 50
	0.955 (0.926-0.985)
	0.003

	
	P 75
	0.964 (0.940-0.988)
	0.004

	
	P 90
	0.979 (0.963-0.996)
	0.015

	MD
	
	
	

	
	P 25
	0.971 (0.950-0.993)
	0.009

	
	P 50
	0.960 (0.936-0.984)
	0.001

	
	P 75
	0.972 (0.953-0.991)
	0.005

	
	P 90
	0.988 (0.976-1.000)
	0.042

	MK
	
	
	

	
	P 25
	1.024 (1.004-1.045)
	0.021

	
	P 50
	1.042 (1.015-1.070)
	0.002

	
	P 75
	1.047 (1.019-1,076)
	0.001

	
	P 90
	1.049 (1.022-1.077)
	0.001


f, perfusion-related diffusion fraction; Dt, slow diffusion coefficient; Dp, fast diffusion coefficient; ADC, apparent diffusion coefficient; MD kurtosis coefficient; MK kurtosis coefficient


[bookmark: TableS4]Supplementary Table S6: Baseline characteristics of mrN-positive / pLNM-positive subgroup.
	Variable
	Overall
	TD-negative
	TD-positive
	P value

	AGE
	62.51 ± 11.31
	64.35 ± 9.06
	60.74 ± 13.05
	0.250

	SEX
	
	
	
	0.398

	  male
	33
	18
	15
	

	   female
	20
	8
	12
	

	CEA (ng/mL)
	
	
	
	0.122

	<5
	29
	19
	10
	

	≥5
	24
	7
	17
	

	CA19-9 (U/ml)
	
	
	
	0.965

	<37
	42
	22
	30
	

	≥37
	11
	4
	7
	

	DIS
	
	
	
	0.238

	Upper
	13
	8
	5
	

	Middle
	22
	12
	10
	

	Lower
	18
	6
	12
	

	EMVI
	
	
	
	0.241

	Negative
	36
	20
	16
	

	Positive
	17
	6
	11
	

	PNI
	
	
	
	1.000

	Negative
	20
	10
	10
	

	Positive
	33
	16
	17
	


PNI, perineural invasion; EMVI, extramural vascular invasion; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen



Supplementary Table S7: Diffusion MRI histogram features in mrN-positive / pLNM-positive subgroup.
	Feature
	Overall
	TD-negative
	TD-positive
	P value

	f_mean
	14.157 (12.920, 15.313)
	15.143 (13.652, 16.655)
	13.760 (12.034, 14.465)
	0.007

	f_p10
	4.673 (4.492, 7.480)
	4.821 (4.533, 7.478)
	4.665 (4.484, 7.496)
	0.702

	f_IQR
	9.500 (7.910, 12.374)
	10.219 (8.351, 12.846)
	8.476 (7.680, 11.704)
	0.157

	Dt_mean
	0.800 (0.729, 0.961)
	0.922 (0.761, 1.090)
	0.771 (0.711, 0.884)
	0.012

	Dt_P10
	0.646 (0.570, 0.753)
	0.739 (0.595, 0.822)
	0.636 (0.55, 0.711)
	0.022

	Dt_IQR
	0.208 (0.158, 0.279)
	0.220 (0.190, 0.325)
	0.201 (0.136 0.264)
	0.091

	Dp_mean
	0.401 (0.286, 0.505)
	0.343 (0.269, 0.531)
	0.407 (0.344, 0.485)
	0.466

	Dp_P10
	0.064 (0.062, 0.080)
	0.064 (0.060, 0.079)
	0.064 (0.062, 0.072)
	0.942

	Dp_IQR
	0.476 (0.243, 0.630)
	0.477 (0.195, 0.867)
	0.476 (0.243, 0.585)
	0.466

	ADC_mean
	0.958 (0.867, 1.101)
	1.087 (0.935, 1.291)
	0.897 (0.836, 0.978)
	<0.001

	ADC_P10
	0.752 (0.690, 0.869)
	0.857 (0.702, 0.978)
	0.714 (0.680, 0.792)
	0.010

	ADC_IQR
	0.249 (0.206, 0.374)
	0.295 (0.229, 0.411)
	0.215 (0.176, 0.293)
	0.007

	MD_mean
	1.347 (1.208, 1.559)
	1.543 (1.230, 1.701)
	1.228 (1.167, 1.373)
	<0.001

	MD_P10
	0.937 (0.795, 1.010)
	0.979 (0.901, 1.282)
	0.898 (0.778, 0.950)
	0.009

	MD_IQR
	0.462 (0.339, 0.592)
	0.5017 (0.412, 0.575)
	0.410 (0.328, 0.594)
	0.418

	MK_mean
	1.159 (1.047, 1.362)
	1.056 (0.985, 1.172)
	1.287 (1.136, 1.387)
	0.002

	MK_P10
	0.652 (0.506, 0.818)
	0.604 (0.432, 0.851)
	0.669 (0.564, 0.790)
	0.769

	MK_IQR
	0.426 (0.344, 0.584)
	0.367 (0.301, 0.451)
	0.514 (0.397, 0.634)
	0.006


f, perfusion-related diffusion fraction; Dt, slow diffusion coefficient; Dp, fast diffusion coefficient; ADC, apparent diffusion coefficient; MD kurtosis coefficient; MK kurtosis coefficient




Supplementary Table S8: Logistic regression and model performance in mrN-positive / pLNM-positive subgroup.
	Analysis
	Model
	Predictor
	OR (95% CI)
	P value
	Model AUC (95% CI)

	Imaging-only: f_mean
	Imaging-only: f_mean
	f_mean_z
	0.39 (0.17–0.77)
	0.015
	0.717 (0.578–0.857)

	Imaging-only: MK_mean
	Imaging-only: MK_mean
	MK_mean_z
	2.82 (1.43–6.59)
	0.007
	0.746 (0.606–0.887)

	mrN-positive / pLNM-positive subgroup
	Imaging-only: f_mean
	f_mean_z
	0.39 (0.17–0.77)
	0.015
	0.717 (0.578–0.857)

	mrN-positive / pLNM-positive subgroup
	Imaging-only: MK_mean
	MK_mean_z
	2.82 (1.43–6.59)
	0.007
	0.746 (0.606–0.887)

	mrN-positive / pLNM-positive subgroup
	Clinical-radiologic baseline
	mrN
	0.64 (0.20–1.97)
	0.438
	0.635 (0.482–0.788)

	mrN-positive / pLNM-positive subgroup
	Clinical-radiologic baseline
	mrEMVI-positive
	1.00 (0.32–3.16)
	0.997
	0.635 (0.482–0.788)

	mrN-positive / pLNM-positive subgroup
	Clinical-radiologic baseline
	DIS
	1.77 (0.85–3.87)
	0.135
	0.635 (0.482–0.788)

	Combined: f_mean
	Combined: f_mean
	mrN
	0.71 (0.20–2.41)
	0.576
	0.711 (0.570–0.852)

	Combined: f_mean
	Combined: f_mean
	mrEMVI-positive
	0.94 (0.27–3.28)
	0.924
	0.711 (0.570–0.852)

	Combined: f_mean
	Combined: f_mean
	DIS
	1.83 (0.83–4.32)
	0.145
	0.711 (0.570–0.852)

	Combined: f_mean
	Combined: f_mean
	f_mean_z
	0.39 (0.16–0.79)
	0.018
	0.711 (0.570–0.852)

	Combined: MK_mean
	Combined: MK_mean
	mrN
	0.65 (0.17–2.44)
	0.523
	0.799 (0.681–0.917)

	Combined: MK_mean
	Combined: MK_mean
	mrEMVI-positive
	0.43 (0.10–1.67)
	0.236
	0.799 (0.681–0.917)

	Combined: MK_mean
	Combined: MK_mean
	DIS
	2.85 (1.16–8.24)
	0.033
	0.799 (0.681–0.917)

	Combined: MK_mean
	Combined: MK_mean
	MK_mean_z
	3.99 (1.83–10.73)
	0.002
	0.799 (0.681–0.917)

	Pathology-adjusted: f_mean
	Pathology-adjusted: f_mean
	f_mean_z
	0.39 (0.16–0.79)
	0.019
	0.791 (0.658–0.923)

	Pathology-adjusted: f_mean
	Pathology-adjusted: f_mean
	Number of LNM
	0.87 (0.68–1.05)
	0.194
	0.791 (0.658–0.923)

	Pathology-adjusted: f_mean
	Pathology-adjusted: f_mean
	EMVI-positive
	3.43 (0.90–15.72)
	0.086
	0.791 (0.658–0.923)

	Pathology-adjusted: MK_mean
	Pathology-adjusted: MK_mean
	MK_mean_z
	3.78 (1.69–10.74)
	0.004
	0.809 (0.689–0.929)

	Pathology-adjusted: MK_mean
	Pathology-adjusted: MK_mean
	Number of LNM
	0.81 (0.61–0.99)
	0.066
	0.809 (0.689–0.929)

	Pathology-adjusted: MK_mean
	Pathology-adjusted: MK_mean
	EMVI-positive
	5.06 (1.20–26.83)
	0.038
	0.809 (0.689–0.929)


ORs were derived from logistic regression models for TD-positive status. AUCs represent the discrimination performance of the entire model; therefore, the same AUC is repeated for predictors included in the same multivariable model. Continuous diffusion MRI features were standardized before regression.

