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[bookmark: _GoBack]Table 1. Clinical, pathological, and treatment characteristics of pathological LRGmax (0-5) response stratification in patients undergoing radical resection for rectal cancer to neoadjuvant chemoradiotherapy.
	Variable
	LRGmax0
(N=32)
	LRGmax1
(N=44)
	LRGmax2
(N=14)
	LRGmax3
(N=12)
	LRGmax4
(N=6)
	LRGmax5
(N=3)
	p

	gender (%)
	0.823

	male
	20 (62.5)
	33 (75.0)
	8 (57.1)
	8 (66.7)
	4 (66.7)
	2 (66.7)
	

	female
	12 (37.5)
	11 (25.0)
	6 (42.9)
	4 (33.3)
	2 (33.3)
	1 (33.3)
	

	age
	53.28 
	52.93 
	55.14 
	48.83 
	54.83 
	67.67 
	0.3

	underlying diseases (%)
	0.611

	no
	14 (43.8)
	26 (59.1)
	7 (50.0)
	8 (66.7)
	4 (66.7)
	1 (33.3)
	

	yes
	18 (56.2)
	18 (40.9)
	7 (50.0)
	4 (33.3)
	2 (33.3)
	2 (66.7)
	

	Family history of genetic diseases (%)
	0.779

	no
	27 (84.4)
	33 (75.0)
	10 (71.4)
	10 (83.3)
	5 (83.3)
	3 (100.0)
	

	yes
	5 (15.6)
	11 (25.0)
	4 (28.6)
	2 (16.7)
	1 (16.7)
	0 (0.0)
	

	BMI 
	1.79
	1.75
	1.77 
	1.74 
	1.79
	1.72 
	0.877

	Tumor segmentation (%)
	0.293

	upper 
	0 (0.0)
	1 (2.3)
	1 (7.1)
	0 (0.0)
	1 (16.7)
	0 (0.0)
	

	middle 
	8 (25.0)
	16 (36.4)
	4 (28.6)
	7 (58.3)
	1 (16.7)
	1 (33.3)
	

	Lower 
	24 (75.0)
	27 (61.4)
	9 (64.3)
	5 (41.7)
	4 (66.7)
	2 (66.7)
	

	Pathological differentiation degree (%)
	0.597

	Poorly 
	3 (9.4)
	6 (13.6)
	2 (14.3)
	4 (33.3)
	2 (33.3)
	0 (0.0)
	

	Moderately 
	27 (84.4)
	34 (77.3)
	12 (85.7)
	7 (58.3)
	4 (66.7)
	3 (100.0)
	

	Well
	2 (6.2)
	4 (9.1)
	0 (0.0)
	1 (8.3)
	0 (0.0)
	0 (0.0)
	

	cT (%)
	0.304

	2
	2 (6.2)
	2 (4.5)
	2 (14.3)
	1 (8.3)
	0 (0.0)
	0 (0.0)
	

	3
	19 (59.4)
	25 (56.8)
	10 (71.4)
	8 (66.7)
	5 (83.3)
	0 (0.0)
	

	4
	11 (34.4)
	17 (38.6)
	2 (14.3)
	3 (25.0)
	1 (16.7)
	3 (100.0)
	

	cN (%)
	0.516

	0
	7 (21.9)
	8 (18.2)
	2 (14.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	1
	21 (65.6)
	22 (50.0)
	6 (42.9)
	8 (66.7)
	3 (50.0)
	1 (33.3)
	

	2
	4 (12.5)
	13 (29.5)
	6 (42.9)
	4 (33.3)
	3 (50.0)
	2 (66.7)
	

	3
	0 (0.0)
	1 (2.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	Clinical staging(%)
	0.398

	II
	7 (21.9)
	8 (18.2)
	2 (14.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	III
	25 (78.1)
	36 (81.8)
	12 (85.7)
	12 (100.0)
	6 (100.0)
	3 (100.0)
	

	MRF（rectal mesenteric fascia） (%)
	0.516

	Positive
	18 (56.2)
	19 (43.2)
	6 (42.9)
	3 (25.0)
	3 (50.0)
	2 (66.7)
	

	Negative
	14 (43.8)
	25 (56.8)
	8 (57.1)
	9 (75.0)
	3 (50.0)
	1 (33.3)
	

	EMVI（Invasion of extravascular vessels in the intestinal wall） (%)
	0.037

	Positive
	16 (50.0)
	26 (59.1)
	5 (35.7)
	7 (58.3)
	0 (0.0)
	3 (100.0)
	

	Negative
	16 (50.0)
	18 (40.9)
	9 (64.3)
	5 (41.7)
	6 (100.0)
	0 (0.0)
	

	Pre-treatment weight (kg)
	68.76 
	67.39 
	69.07 
	67.67 
	72.50 
	67.33 
	0.941

	Pre-treatment CEA(mmol/L)
	11.72 
	15.41 
	10.61 
	10.87 
	10.75 
	12.48 
	0.961

	Pre-treatment CA-724(mmol/L) 
	7.07 
	6.87
	6.57
	8.05 
	5.10
	19.98 
	0.485

	kps
	90.31 
	89.09 
	92.86 
	90.00 
	90.00 
	90.00 
	0.007

	Pre-treatment NRS )
	0.50
	0.59 
	0.43
	0.50 
	0.33
	1.33 
	0.251

	chemotherapy regimen (%)
	0.042

	Xelox
	15 (46.9)
	26 (59.1)
	8 (57.1)
	11 (91.7)
	4 (66.7)
	0 (0.0)
	

	Capecitabine
	17 (53.1)
	18 (40.9)
	6 (42.9)
	1 (8.3)
	2 (33.3)
	3 (100.0)
	

	Bone marrow suppression response (%)
	0.622

	0
	11 (34.4)
	17 (38.6)
	5 (35.7)
	4 (33.3)
	1 (16.7)
	2 (66.7)
	

	1
	9 (28.1)
	15 (34.1)
	2 (14.3)
	3 (25.0)
	5 (83.3)
	0 (0.0)
	

	2
	8 (25.0)
	9 (20.5)
	6 (42.9)
	5 (41.7)
	0 (0.0)
	1 (33.3)
	

	3
	3 (9.4)
	2 (4.5)
	1 (7.1)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	4
	1 (3.1)
	1 (2.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	Radiation proctitis (%)
	0.14

	0
	13 (40.6)
	19 (43.2)
	8 (57.1)
	3 (25.0)
	2 (33.3)
	2 (66.7)
	

	1
	15 (46.9)
	16 (36.4)
	4 (28.6)
	8 (66.7)
	1 (16.7)
	1 (33.3)
	

	2
	4 (12.5)
	9 (20.5)
	1 (7.1)
	1 (8.3)
	2 (33.3)
	0 (0.0)
	

	3
	0 (0.0)
	0 (0.0)
	1 (7.1)
	0 (0.0)
	1 (16.7)
	0 (0.0)
	

	radiation dermatitis (%)
	0.439

	0
	25 (78.1)
	34 (77.3)
	13 (92.9)
	8 (66.7)
	5 (83.3)
	3 (100.0)
	

	1
	7 (21.9)
	8 (18.2)
	1 (7.1)
	4 (33.3)
	0 (0.0)
	0 (0.0)
	

	2
	0 (0.0)
	1 (2.3)
	0 (0.0)
	0 (0.0)
	1 (16.7)
	0 (0.0)
	

	3
	0 (0.0)
	1 (2.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	Therapeutic effect evaluation (%)
	<0.001

	PD
	0 (0.0)
	1 (2.3)
	3 (21.4)
	0 (0.0)
	1 (16.7)
	0 (0.0)
	

	SD
	3 (9.4)
	1 (2.3)
	5 (35.7)
	4 (33.3)
	4 (66.7)
	2 (66.7)
	

	PR
	26 (81.2)
	36 (81.8)
	6 (42.9)
	8 (66.7)
	1 (16.7)
	1 (33.3)
	

	CR
	3 (9.4)
	6 (13.6)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	CEA after treatment(mmol/L) 
	5.32 
	7.02 
	8.79 
	3.17 
	3.37
	2.11 
	0.909

	Difference in CEA levels before and after treatment (mmol/L) )
	-6.40 
	-8.39 
	-1.82 
	-7.70 
	-7.38 
	-10.37 
	0.963

	CA-724 after treatment (mmol/L )
	3.03 
	5.66 
	19.80 
	2.10 
	7.08 
	1.31 
	0.095

	Difference in CA-724 levels before and after treatment (mmol/L))
	-4.04
	-1.21 
	13.22 
	-5.95 
	1.99 
	-18.68 
	0.027

	Post-treatment weight (mmol/L)
	69.36 
	67.39 
	67.00 
	67.38 
	71.67 
	64.67 
	0.925

	Difference in weight change before and after treatment(kg)
	0.60)
	0.00 
	-2.07 
	-0.29 
	-0.83 
	-2.67 
	0.471

	Interval between surgeries (week)
	11.09 
	9.68 
	10.86 
	10.25 
	10.00 
	9.33 
	0.515

	Surgical methods(%)
	0.086

	Dixon
	28 (87.5)
	30 (68.2)
	12 (85.7)
	11 (91.7)
	3 (50.0)
	3 (100.0)
	

	Miles
	4 (12.5)
	14 (31.8)
	2 (14.3)
	1 (8.3)
	3 (50.0)
	0 (0.0)
	

	Number of lymph nodes removed 
	13.59 
	14.50 
	13.36 
	14.25 
	11.83 
	13.00 
	0.433

	Number of lymph node metastases 
	0.00
	0.00 
	1.93 )
	3.92 
	2.50 
	7.00 
	<0.001

	LNR
	0.00
	0.00 
	0.16 
	0.27 
	0.22 
	0.54 
	<0.001

	pT (%)
	0.029

	0
	6 (18.8)
	6 (13.6)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	1
	2 (6.2)
	0 (0.0)
	1 (7.1)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	2
	8 (25.0)
	14 (31.8)
	2 (14.3)
	1 (8.3)
	0 (0.0)
	0 (0.0)
	

	3
	13 (40.6)
	19 (43.2)
	11 (78.6)
	10 (83.3)
	4 (66.7)
	1 (33.3)
	

	4
	3 (9.4)
	5 (11.4)
	0 (0.0)
	1 (8.3)
	2 (33.3)
	2 (66.7)
	

	pN (%)
	<0.001

	0
	32 (100.0)
	44 (100.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	1
	0 (0.0)
	0 (0.0)
	12 (85.7)
	7 (58.3)
	5 (83.3)
	1 (33.3)
	

	2
	0 (0.0)
	0 (0.0)
	2 (14.3)
	4 (33.3)
	1 (16.7)
	0 (0.0)
	

	3
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (8.3)
	0 (0.0)
	2 (66.7)
	

	TRG (%)
	<0.001

	0
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (8.3)
	1 (16.7)
	0 (0.0)
	

	1
	0 (0.0)
	4 (9.1)
	1 (7.1)
	3 (25.0)
	0 (0.0)
	2 (66.7)
	

	2
	13 (40.6)
	20 (45.5)
	13 (92.9)
	8 (66.7)
	5 (83.3)
	1 (33.3)
	

	3
	13 (40.6)
	14 (31.8)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	4
	6 (18.8)
	6 (13.6)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	Pathological staging (%)
	<0.001

	0
	6 (18.8)
	6 (13.6)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	I
	8 (25.0)
	10 (22.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	II
	18 (56.2)
	28 (63.6)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	

	III
	0 (0.0)
	0 (0.0)
	14 (100.0)
	12 (100.0)
	6 (100.0)
	3 (100.0)
	

	Local recurrence (%)
	0.248

	no
	27 (84.4)
	41 (93.2)
	12 (85.7)
	12 (100.0)
	4 (66.7)
	3 (100.0)
	

	yes
	5 (15.6)
	3 (6.8)
	2 (14.3)
	0 (0.0)
	2 (33.3)
	0 (0.0)
	

	Distant transfer (%)
	0.851

	no
	27 (84.4)
	39 (88.6)
	12 (85.7)
	9 (75.0)
	5 (83.3)
	3 (100.0)
	

	yes
	5 (15.6)
	5 (11.4)
	2 (14.3)
	3 (25.0)
	1 (16.7)
	0 (0.0)
	

	Overall Survival（OS）(mean (SD))
	56.97 (19.58)
	35.66 (14.15)
	51.21 (28.21)
	31.50 (15.17)
	23.67 (8.16)
	8.33 (4.04)
	<0.001

	3-year OS (%)
	<0.001

	no
	2 (6.2)
	19 (43.2)
	4 (28.6)
	9 (75.0)
	5 (83.3)
	3 (100.0)
	

	yes
	30 (93.8)
	25 (56.8)
	10 (71.4)
	3 (25.0)
	1 (16.7)
	0 (0.0)
	




Table 2. Characteristics of patients in the training and validation sets.
	Variable
	training set(N=79)
	Validation set(N=32)
	p

	gender (%)
	0.342

	male
	56 (70.9)
	19 (59.4)
	

	female
	23 (29.1)
	13 (40.6)
	

	age (mean (SD))
	53.30 (12.30)
	53.53 (12.60)
	0.93

	underlying diseases (%)
	0.24

	no
	46 (58.2)
	14 (43.8)
	

	yes
	33 (41.8)
	18 (56.2)
	

	Family history of genetic diseases (%)
	0.653

	no
	64 (81.0)
	24 (75.0)
	

	yes
	15 (19.0)
	8 (25.0)
	

	Pre-treatment weight  (mean (SD))
	68.01(11.7)
	69.03 (10.73)
	0.669

	Body surface area (mean (SD))
	1.77 (0.17)
	1.76 (0.14)
	0.858

	Tumor segmentation (%)
	0.29

	upper section
	1 (1.3)
	2 (6.2)
	

	middle section
	28 (35.4)
	9 (28.1)
	

	Lower section
	50 (63.3)
	21 (65.6)
	

	Pathological differentiation degree (%)
	0.869

	Poorly differentiated adenocarcinoma
	13 (16.5)
	4 (12.5)
	

	Moderately differentiated adenocarcinoma
	61 (77.2)
	26 (81.2)
	

	Well-differentiated adenocarcinoma
	5 (6.3)
	2 (6.2)
	

	cT (%)
	0.692

	2
	4 (5.1)
	3 (9.4)
	

	3
	48 (60.8)
	19 (59.4)
	

	4
	27 (34.2)
	10 (31.2)
	

	cN (%)
	0.332

	0
	10 (12.7)
	7 (21.9)
	

	1
	42 (53.2)
	19 (59.4)
	

	2
	26 (32.9)
	6 (18.8)
	

	3
	1 (1.3)
	0 (0.0)
	

	Clinical staging (%)
	0.352

	II
	10 (12.7)
	7 (21.9)
	

	III
	69 (87.3)
	25 (78.1)
	

	MRF (%)
	0.932

	Positive
	37 (46.8)
	14 (43.8)
	

	Negative
	42 (53.2)
	18 (56.2)
	

	EMVI (%)
	0.418

	Positive
	43 (54.4)
	14 (43.8)
	

	Negative
	36 (45.6)
	18 (56.2)
	

	Pre-treatment CEA(mean (SD))
	13.68 (23.39)
	11.02 (14.68)
	0.552

	Pre-treatment CA-724 (mean (SD))
	6.63 (11.32)
	8.87 (9.75)
	0.33

	kps (mean (SD))
	90.38 (3.38)
	89.38 (2.46)
	0.13

	Pre-treatment NRS  (mean (SD))
	0.54 (0.64)
	0.53 (0.57)
	0.92

	chemotherapy regimen (%)
	0.983

	Xelox
	45 (57.0)
	19 (59.4)
	

	Capecitabine
	34 (43.0)
	13 (40.6)
	

	Bone marrow suppression response (%)
	0.234

	0
	29 (36.7)
	11 (34.4)
	

	1
	26 (32.9)
	8 (25.0)
	

	2
	20 (25.3)
	9 (28.1)
	

	3
	2 (2.5)
	4 (12.5)
	

	4
	2 (2.5)
	0 (0.0)
	

	Radiation proctitis  (%)
	0.106

	0
	32 (40.5)
	15 (46.9)
	

	1
	35 (44.3)
	10 (31.2)
	

	2
	12 (15.2)
	5 (15.6)
	

	3
	0 (0.0)
	2 (6.2)
	

	radiation dermatitis (%)
	0.052

	0
	65 (82.3)
	23 (71.9)
	

	1
	14 (17.7)
	6 (18.8)
	

	2
	0 (0.0)
	2 (6.2)
	

	3
	0 (0.0)
	1 (3.1)
	

	Therapeutic effect evaluation (%)
	0.087

	PD
	3 (3.8)
	2 (6.2)
	

	SD
	17 (21.5)
	2 (6.2)
	

	PR
	55 (69.6)
	23 (71.9)
	

	CR
	4 (5.1)
	5 (15.6)
	

	CEA after treatment(mean (SD))
	6.40 (16.37)
	5.03 (10.91)
	0.664

	Difference in CEA levels before and after treatment (mean (SD))
	-7.28 (26.10)
	-6.00 (8.51)
	0.786

	CA-724 after treatment (mean (SD))
	

6.30 (19.31)
	6.17 (16.92)
	0.973

	Difference in CA-724 levels before and after treatment (SD))
	-0.33 (19.87)
	-2.70 (16.67)
	0.554

	Post-treatment weight (mean (SD))
	68.18 (12.34)
	67.77 (11.51)
	0.869

	Difference in weight change before and after treatment(mean (SD))
	0.18 (4.95)
	-1.27 (2.70)
	0.123

	Interval between surgeries (mean (SD))
	9.92 (3.06)
	11.25 (3.46)
	0.049

	Surgical methods (%)
	0.831

	Dixon
	61 (77.2)
	26 (81.2)
	

	Miles
	18 (22.8)
	6 (18.8)
	

	Number of lymph nodes removed (mean (SD))
	13.66 (2.83)
	14.44 (4.17)
	0.257

	Number of lymph node metastases (mean (SD))
	1.03 (2.29)
	0.91 (1.61)
	0.789

	LNR (mean (SD))
	0.08 (0.16)
	0.07 (0.13)
	0.965

	pT (%)
	0.288

	0
	6 (7.6)
	6 (18.8)
	

	1
	3 (3.8)
	0 (0.0)
	

	2
	18 (22.8)
	7 (21.9)
	

	3
	41 (51.9)
	17 (53.1)
	

	4
	11 (13.9)
	2 (6.2)
	

	pN (%)
	0.594

	0
	54 (68.4)
	22 (68.8)
	

	1
	18 (22.8)
	7 (21.9)
	

	2
	4 (5.1)
	3 (9.4)
	

	3
	3 (3.8)
	0 (0.0)
	

	TRG (%)
	0.297

	0
	1 (1.3)
	1 (3.1)
	

	1
	9 (11.4)
	1 (3.1)
	

	2
	43 (54.4)
	17 (53.1)
	

	3
	20 (25.3)
	7 (21.9)
	

	4
	6 (7.6)
	6 (18.8)
	

	Pathological staging (%)
	0.366

	0
	6 (7.6)
	6 (18.8)
	

	I
	13 (16.5)
	5 (15.6)
	

	II
	35 (44.3)
	11 (34.4)
	

	III
	25 (31.6)
	10 (31.2)
	

	Local recurrence (%)
	0.483

	no
	72 (91.1)
	27 (84.4)
	

	yes
	7 (8.9)
	5 (15.6)
	

	Distant transfer (%)
	1

	no
	68 (86.1)
	27 (84.4)
	

	yes
	11 (13.9)
	5 (15.6)
	

	OS (mean (SD))
	40.80 (21.10)
	44.72 (22.37)
	0.385

	3-year OS (%)
	0.487

	no
	32 (40.5)
	10 (31.2)
	

	yes
	47 (59.5)
	22 (68.8)
	



Table 3. Model performance evaluation results.
	Dataset
	Accuracy
	AUC
	Precision
	Recall
	Sensitivity
	Specificity

	Train
	0.88
	0.99
	0.94
	0.94
	0.94
	0.97

	Test
	0.43
	0.86
	0.30
	0.30
	0.30
	0.87


Table 4. Correlation of tumor regression grade (TRG) and lymph node regression grade (LRGmax) with clinical outcomes.
	Analysis
	Method
	Statistic
	P-value

	TRG vs. radiotherapy efficacy
	Chi-square
	82.03
	< 0.001

	LRGmax vs. radiotherapy efficacy
	Spearman r
	0.28
	0.003

	TRG vs. distant metastasis
	Chi-square
	4.54
	0.338

	LRGmax vs. distant metastasis
	Spearman r
	0.02
	0.854

	TRG vs. 3-year overall survival
	Chi-square
	26.15
	< 0.001

	LRGmax vs. 3-year overall survival
	Spearman r
	–0.47
	< 0.001



