[bookmark: OLE_LINK12]Table 1. Baseline Demographic and Clinical Characteristics of Patients in the Training Set
	[bookmark: _Hlk214570408]Variables
	Total (n = 235)
	0 (n = 143)
	1 (n = 40)
	2 (n = 27)
	3 (n = 20)
	4 (n = 5)
	Statistic
	P

	
	
	
	
	
	
	
	
	

	Gender, n(%)
	
	
	
	
	
	
	χ²=24.39
	<.001

	Female
	69 (29.36)
	53 (37.06)
	15 (37.50)
	0 (0.00)
	1 (5.00)
	0 (0.00)
	
	

	Male
	166 (70.64)
	90 (62.94)
	25 (62.50)
	27 (100.00)
	19 (95.00)
	5 (100.00)
	
	

	Age, n(%)
	
	
	
	
	
	
	-
	0.003*

	[bookmark: _Hlk216035327]<55
	44 (18.72)
	37 (25.87)
	4 (10.00)
	0 (0.00)
	3 (15.00)
	0 (0.00)
	
	

	55~64
	67 (28.51)
	44 (30.77)
	10 (25.00)
	8 (29.63)
	4 (20.00)
	1 (20.00)
	
	

	65~74
	82 (34.89)
	44 (30.77)
	17 (42.50)
	12 (44.44)
	5 (25.00)
	4 (80.00)
	
	

	≥75
	42 (17.87)
	18 (12.59)
	9 (22.50)
	7 (25.93)
	8 (40.00)
	0 (0.00)
	
	

	BMI, n(%)
	
	
	
	
	
	
	-
	0.199*

	[bookmark: _Hlk214399376]<18.5
	32 (13.62)
	21 (14.69)
	4 (10.00)
	2 (7.41)
	4 (20.00)
	1 (20.00)
	
	

	18.5~23.9
	133 (56.60)
	76 (53.15)
	29 (72.50)
	19 (70.37)
	8 (40.00)
	1 (20.00)
	
	

	24.0~27.9
	53 (22.55)
	33 (23.08)
	6 (15.00)
	5 (18.52)
	7 (35.00)
	2 (40.00)
	
	

	≥28.0
	17 (7.23)
	13 (9.09)
	1 (2.50)
	1 (3.70)
	1 (5.00)
	1 (20.00)
	
	

	[bookmark: _Hlk213972354]Marital Status, n(%)
	
	
	
	
	
	
	-
	0.022

	[bookmark: _Hlk216035347]Married
	157 (66.81)
	83 (58.04)
	31 (77.50)
	25 (92.59)
	14 (70.00)
	4 (80.00)
	
	

	Unmarried
	6 (2.55)
	6 (4.20)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	

	Other
	72 (30.64)
	54 (37.76)
	9 (22.50)
	2 (7.41)
	6 (30.00)
	1 (20.00)
	
	

	Smoking Status, n(%)
	
	
	
	
	
	
	χ²=30.90
	<.001

	  No
	120 (51.06)
	92 (64.34)
	17 (42.50)
	6 (22.22)
	5 (25.00)
	0 (0.00)
	
	

	  Yes
	115 (48.94)
	51 (35.66)
	23 (57.50)
	21 (77.78)
	15 (75.00)
	5 (100.00)
	
	

	Hypertension, n(%)
	
	
	
	
	
	
	χ²=4.89
	0.299

	  No
	162 (68.94)
	103 (72.03)
	27 (67.50)
	14 (51.85)
	15 (75.00)
	3 (60.00)
	
	

	  Yes
	73 (31.06)
	40 (27.97)
	13 (32.50)
	13 (48.15)
	5 (25.00)
	2 (40.00)
	
	

	Diabetes, n(%)
	
	
	
	
	
	
	-
	0.921

	  No
	201 (85.53)
	121 (84.62)
	34 (85.00)
	24 (88.89)
	18 (90.00)
	4 (80.00)
	
	

	  Yes
	34 (14.47)
	22 (15.38)
	6 (15.00)
	3 (11.11)
	2 (10.00)
	1 (20.00)
	
	

	Hyperlipidemia, n(%)
	
	
	
	
	
	
	-
	0.778

	  No
	224 (95.32)
	136 (95.10)
	37 (92.50)
	26 (96.30)
	20 (100.00)
	5 (100.00)
	
	

	  Yes
	11 (4.68)
	7 (4.90)
	3 (7.50)
	1 (3.70)
	0 (0.00)
	0 (0.00)
	
	

	CVD, n(%)
	
	
	
	
	
	
	-
	0.955

	  No
	226 (96.17)
	136 (95.10)
	39 (97.50)
	26 (96.30)
	20 (100.00)
	5 (100.00)
	
	

	  Yes
	9 (3.83)
	7 (4.90)
	1 (2.50)
	1 (3.70)
	0 (0.00)
	0 (0.00)
	
	


[bookmark: OLE_LINK10]Group 0 represents non-cancer controls, and Groups 1-4 represent different lung cancer subtypes (e.g., 1: Adenocarcinoma, 2: Squamous cell carcinoma, 3: Small cell lung cancer, 4: Other types, as defined in the methods). Abbreviations: SD: standard deviation; M: Median; Q₁: 1st Quartile; Q₃: 3rd Quartile; BMI, Body Mass Index; CVD, Cardiovascular Disease;











Table 2. Baseline laboratory examinations of patients in the training set.
	Variables
	Total (n = 235)
	0 (n = 143)
	1 (n = 40)
	2 (n = 27)
	3 (n = 20)
	4 (n = 5)
	Statistic
	P

	
	
	
	
	
	
	
	
	
	

	Serum CEA, M (Q₁, Q₃)
	2.38 (1.45, 4.37)
	1.87 (1.25,3.01)
	7.78 (2.36,21.05)
	3.01 (2.10,4.63)
	4.92 (2.00,9.79)
	4.21 (2.91,5.27)
	χ²=50.04#
	<.001
	

	BALF CEA, M (Q₁, Q₃)
	25.70 (9.35, 76.30)
	16.50 (7.14,49.70)
	30.70 (8.14,86.25)
	45.20 (31.65,95.60)
	44.25 (25.20,106.05)
	38.90 (22.70,42.10)
	χ²=20.55#
	<.001
	

	BALF-CEA/serum CEA, M (Q₁, Q₃)
	9.68 (3.19, 23.96)
	10.05 (3.49,23.96)
	3.73 (1.45,9.84)
	17.64 (11.01,24.99)
	7.05 (2.57,27.77)
	8.80 (4.61,9.24)
	χ²=18.48#
	<.001
	

	NEUT, M (Q₁, Q₃)
	4.60 (3.31, 6.25)
	4.51 (3.25,6.50)
	4.78 (3.87,6.08)
	5.23 (3.76,6.22)
	4.00 (3.32,4.80)
	4.78 (3.13,5.93)
	χ²=4.09#
	0.394
	

	LYMPH, M (Q₁, Q₃)
	1.53 (1.04, 1.85)
	1.52 (1.08,1.85)
	1.62 (1.28,1.90)
	1.58 (1.12,1.88)
	1.25 (0.89,1.72)
	1.29 (0.86,1.67)
	χ²=1.92#
	0.751
	

	WBC, M (Q₁, Q₃)
	6.91 (5.55, 8.67)
	6.86 (5.60,9.06)
	7.38 (5.80,8.53)
	7.05 (5.93,8.49)
	6.06 (5.08,7.29)
	6.32 (5.68,8.68)
	χ²=4.48#
	0.345
	

	PLT, M (Q₁, Q₃)
	258.00 (211.50, 333.00)
	258.00 (211.50,328.50)
	259.50 (217.25,334.50)
	292.00 (229.00,384.50)
	253.50 (224.50,288.75)
	204.00 (190.00,299.00)
	χ²=3.16#
	0.532
	

	Hb, M (Q₁, Q₃)
	130.00 (118.00, 141.00)
	130.00 (116.00,142.00)
	129.00 (118.00,141.25)
	129.00 (123.50,141.00)
	129.50 (122.75,139.00)
	138.00 (132.00,144.00)
	χ²=1.88#
	0.757
	

	RBC, Mean ± SD
	4.34 ± 0.61
	4.28 ± 0.64
	4.40 ± 0.58
	4.43 ± 0.56
	4.43 ± 0.58
	4.58 ± 0.33
	F=0.81
	0.517
	

	LDH, M (Q₁, Q₃)
	193.00 (169.00, 222.00)
	190.00 (165.00,219.50)
	195.50 (175.00,238.00)
	187.00 (168.50,208.00)
	209.50 (194.25,258.25)
	192.00 (166.00,222.00)
	χ²=10.08#
	0.039
	

	GGT, M (Q₁, Q₃)
	30.00 (19.00, 54.50)
	30.00 (17.50,60.00)
	27.50 (20.00,41.25)
	32.00 (22.00,60.00)
	28.50 (19.75,37.00)
	45.00 (41.00,65.00)
	χ²=5.07#
	0.280
	

	AST, M (Q₁, Q₃)
	20.00 (16.00, 26.00)
	20.00 (16.00,27.50)
	19.00 (16.75,23.25)
	18.00 (14.00,27.00)
	20.00 (18.00,23.25)
	28.00 (16.00,29.00)
	χ²=2.04#
	0.728
	

	ALT, M (Q₁, Q₃)
	17.00 (11.00, 27.50)
	17.00 (11.00,28.00)
	17.50 (11.00,23.50)
	17.00 (12.50,30.50)
	16.50 (13.00,28.25)
	16.00 (15.00,22.00)
	χ²=0.59#
	0.964
	

	TBIL, M (Q₁, Q₃)
	7.80 (6.10, 10.50)
	7.90 (5.95,10.50)
	7.60 (6.55,10.45)
	7.40 (4.85,9.70)
	8.00 (6.00,10.83)
	11.30 (7.80,13.20)
	χ²=3.64#
	0.457
	

	TP, Mean ± SD
	65.83 ± 6.44
	65.88 ± 6.80
	66.49 ± 6.10
	64.84 ± 6.02
	65.84 ± 4.93
	64.28 ± 7.49
	F=0.33
	0.854
	

	ALB, M (Q₁, Q₃)
	39.20 (35.85, 42.15)
	38.80 (35.75,42.15)
	39.95 (36.50,43.65)
	39.40 (35.60,41.25)
	39.95 (37.55,42.45)
	41.20 (37.20,42.10)
	χ²=2.68#
	0.613
	

	Urea, M (Q₁, Q₃)
	4.89 (3.83, 5.89)
	4.79 (3.83,5.80)
	4.92 (4.27,5.73)
	5.20 (3.71,6.32)
	4.79 (3.51,6.19)
	5.39 (3.82,6.48)
	χ²=0.84#
	0.933
	

	Crea, M (Q₁, Q₃)
	70.00 (59.10, 80.50)
	68.00 (58.00,80.00)
	70.50 (59.25,81.00)
	74.00 (65.00,85.50)
	69.50 (62.77,78.93)
	66.00 (65.00,72.20)
	χ²=3.42#
	0.489
	

	UA, Mean ± SD
	293.63 ± 95.56
	285.73 ± 99.76
	288.29 ± 68.81
	312.09 ± 83.22
	330.18 ± 108.08
	316.34 ± 148.57
	F=1.34
	0.257
	

	HDL, M (Q₁, Q₃)
	1.01 (0.85, 1.25)
	0.98 (0.81,1.24)
	1.10 (0.94,1.31)
	1.05 (0.93,1.25)
	1.10 (0.97,1.23)
	0.77 (0.69,0.92)
	χ²=8.67#
	0.070
	

	LDL, M (Q₁, Q₃)
	2.74 (2.21, 3.25)
	2.74 (2.12,3.25)
	2.96 (2.50,3.60)
	2.45 (2.29,2.83)
	2.74 (2.34,3.08)
	2.39 (2.17,2.56)
	χ²=9.48#
	0.050
	

	TC, M (Q₁, Q₃)
	4.17 (3.62, 4.82)
	4.17 (3.54,4.81)
	4.38 (3.96,5.11)
	3.99 (3.59,4.22)
	4.15 (3.80,4.46)
	3.72 (3.43,4.40)
	χ²=8.25#
	0.083
	

	TG, M (Q₁, Q₃)
	1.16 (0.85, 1.48)
	1.16 (0.87,1.49)
	1.21 (0.91,1.47)
	1.00 (0.73,1.45)
	1.10 (0.78,1.35)
	1.31 (0.98,1.47)
	χ²=2.77#
	0.598
	

	D-Dimer, M (Q₁, Q₃)
	0.51 (0.25, 1.09)
	0.54 (0.26,1.12)
	0.52 (0.23,1.44)
	0.34 (0.23,0.46)
	0.57 (0.40,1.18)
	2.01 (0.68,2.27)
	χ²=11.67#
	0.020
	


[bookmark: OLE_LINK44]Group definitions are as in Table 1. Abbreviations: SD: standard deviation; M: Median; Q₁: 1st Quartile; Q₃: 3rd Quartile; CEA, Carcinoembryonic Antigen; BALF, Bronchoalveolar Lavage Fluid; NEUT, Neutrophil Count; LYMPH, Lymphocyte Count; WBC, White Blood Cell Count; PLT, Platelet Count; RBC, Red Blood Cell Count; Hb, Hemoglobin; LDH, Lactate Dehydrogenase; GGT, Gamma-Glutamyl Transferase; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; TBIL, Total Bilirubin; TP, Total Protein; ALB, Albumin; Crea, Creatinine; UA, Uric Acid; HDL, High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; TC, Total Cholesterol; TG, Triglycerides.



























Table 3. Univariate and Multivariate Logistic Regression Analyses of Predictor Variables for the Prognostic Model.
	Variables
	Univariate analysis
	
	[bookmark: OLE_LINK32]Multivariate analysis

	
	β
	S.E
	Z
	P
	OR (95%CI)
	
	β
	S.E
	Z
	P
	OR (95%CI)

	Age
	
	
	
	
	
	
	
	
	
	
	

	<55
	
	
	
	
	1.00 (Reference)
	
	
	
	
	
	1.00 (Reference)

	55~64
	1.02
	0.49
	2.09
	0.036
	2.76 (1.07 ~ 7.16)
	
	0.81
	0.61
	1.32
	0.185
	2.25 (0.68 ~ 7.49)

	65~74
	1.52
	0.47
	3.25
	0.001
	4.56 (1.82 ~ 11.42)
	
	0.96
	0.61
	1.58
	0.114
	2.60 (0.79 ~ 8.54)

	≥75
	1.95
	0.52
	3.78
	<.001
	7.05 (2.56 ~ 19.41)
	
	1.80
	0.64
	2.80
	0.005
	6.03 (1.73 ~ 21.21)

	Marital Status
	
	
	
	
	
	
	
	
	
	
	

	Married
	
	
	
	
	1.00 (Reference)
	
	
	
	
	
	1.00 (Reference)

	Unmarried
	-16.45
	979.61
	-0.02
	0.987
	0.00 (0.00 ~ Inf)
	
	-14.87
	915.34
	-0.02
	0.987
	0.00 (0.00 ~ Inf)

	Other
	-0.98
	0.32
	-3.12
	0.002
	0.37 (0.20 ~ 0.69)
	
	-0.65
	0.41
	-1.60
	0.111
	0.52 (0.24 ~ 1.16)

	Smoking Status
	
	
	
	
	
	
	
	
	
	
	

	  No
	
	
	
	
	1.00 (Reference)
	
	
	
	
	
	1.00 (Reference)

	  Yes
	1.42
	0.29
	4.95
	<.001
	4.12 (2.35 ~ 7.22)
	
	1.32
	0.35
	3.75
	<.001
	3.73 (1.87 ~ 7.41)

	Serum CEA
	0.26
	0.06
	4.43
	<.001
	1.30 (1.16 ~ 1.46)
	
	0.24
	0.06
	3.76
	<.001
	1.27 (1.12 ~ 1.45)

	BALF CEA
	0.01
	0.00
	2.21
	0.027
	1.01 (1.01 ~ 1.01)
	
	-0.00
	0.00
	-0.02
	0.984
	1.00 (1.00 ~ 1.00)

	BALF-CEA/ serum CEA
	-0.00
	0.00
	-1.02
	0.308
	1.00 (0.99 ~ 1.00)
	
	
	
	
	
	

	WBC
	-0.04
	0.04
	-0.94
	0.347
	0.96 (0.88 ~ 1.05)
	
	
	
	
	
	

	ALB
	0.02
	0.03
	0.87
	0.385
	1.02 (0.97 ~ 1.08)
	
	
	
	
	
	

	HDL
	0.82
	0.40
	2.05
	0.040
	2.28 (1.00 ~ 1.01)
	
	1.05
	0.54
	1.96
	0.050
	2.86(1.01 ~ 8.17)


[bookmark: _Hlk216124558]Abbreviations: S.E., Standard Error; OR, Odds Ratio; CI, Confidence Interval; CEA, Carcinoembryonic Antigen; BALF, Bronchoalveolar Lavage Fluid; WBC, White Blood Cell Count; ALB, Albumin; HDL, High-Density Lipoprotein Cholesterol.
[bookmark: _Hlk225121811]Table 4. Multinomial Logistic Regression Analysis for Predicting Lung Cancer Subtypes.
	Subtype
	Predictor
	OR (95%CI)
	P Value

	
	
	
	

	Adenocarcinoma
	
	
	

	  
	Age: 65-74 vs <65
	1.629 (0.634-4.184)
	0.310

	  
	Age: ≥75 vs <65
	2.843 (0.919-8.789)
	0.070

	  
	Smoking Status: Yes vs No
	1.755 (0.752-4.099)
	0.193

	  
	log(serum CEA + 1)
	6.576 (3.537-12.224)
	<0.001

	SCLC
	
	
	

	  
	Age: 65-74 vs <65
	1.023 (0.285-3.678)
	0.972

	  
	Age: ≥75 vs <65
	5.113 (1.467-17.82)
	0.010

	  
	Smoking Status: Yes vs No
	4.367 (1.401-13.613)
	0.011

	  
	log(serum CEA + 1)
	5.001 (2.528-9.893)
	<0.001

	Squamous
	
	
	

	  
	Age: 65-74 vs <65
	2.223 (0.806-6.133)
	0.123

	  
	Age: ≥75 vs <65
	3.885 (1.165-12.949)
	0.027

	  
	Smoking Status: Yes vs No
	5.489 (2.028-14.856)
	<0.001

	  
	log(serum CEA + 1)
	2.645 (1.297-5.393)
	0.007


The reference outcome category is "Control" (non-cancer). The reference predictor category for Age is '<65 years' and for Smoking Status is 'No'. Abbreviations: OR, Odds Ratio; CI, Confidence Interval; CEA, Carcinoembryonic Antigen; SCLC, Small Cell Lung Cancer.



















Table 5. Diagnostic Performance of the Diagnostic Model in the Training and Validation Sets.
	Data
	AUC (95%CI)
	Accuracy (95%CI)
	Sensitivity (95%CI)
	Specificity (95%CI)
	PPV (95%CI)
	NPV (95%CI)
	cut off

	
	
	
	
	
	
	
	

	Train
	0.84 (0.79-0.90)
	0.81 (0.75-0.86)
	0.83 (0.76 - 0.89)
	0.78 (0.70 - 0.87)
	0.86 (0.80 - 0.91)
	0.74 (0.66 - 0.83)
	0.415

	Test
	0.85 (0.78-0.93)
	0.78 (0.69-0.86)
	0.79 (0.70 - 0.89)
	0.76 (0.61 - 0.90)
	0.87 (0.79 - 0.95)
	0.64 (0.49 - 0.79)
	0.415


Abbreviations: AUC, Area Under the Receiver Operating Characteristic Curve; CI, Confidence Interval; PPV, Positive Predictive Value; NPV, Negative Predictive Value.



Table 6. Diagnostic Performance of the Multiclass Prediction Model for Different Lung Cancer Subtypes in the Training Set. 
	[bookmark: _Hlk214212972]Subtype
	AUC (95%CI)
	Accuracy (95%CI)
	Sensitivity (95%CI)
	Specificity (95%CI)
	PPV (95%CI)
	NPV (95%CI)
	cut off

	
	
	
	
	
	
	
	

	Adeno-carcinoma
	0.84 (0.76-0.92)
	0.80 (0.73-0.85)
	0.78 (0.63 - 0.88)
	0.80 (0.73 - 0.86)
	0.53 (0.40 - 0.65)
	0.93 (0.87 - 0.96)
	0.404

	Squamous
	[bookmark: OLE_LINK2]0.84 (0.77-0.92)
	0.82 (0.76-0.87)
	0.82 (0.63 - 0.92)
	0.83 (0.76 - 0.88)
	0.47 (0.33 - 0.61)
	0.96 (0.91 - 0.98)
	0.415

	SCLC
	0.83 (0.72-0.93)
	0.83 (0.77-0.88)
	0.75 (0.53-0.89)
	0.85 (0.78-0.90)
	0.41 (0.26-0.57)
	0.96 (0.91-0.98)
	0.442


Data are presented as the metric value with 95% Confidence Interval (CI) in parentheses. The cut-off value for each subtype was determined by maximizing Youden's index. Abbreviations: AUC, Area Under the Receiver Operating Characteristic Curve; PPV, Positive Predictive Value; NPV, Negative Predictive Value; SCLC, Small Cell Lung Cancer.









Table 7. Pairwise Comparison of AUCs Among Lung Cancer Subtypes.
	Subtype
	AUC Difference
	D Statistic
	P Value

	
	
	
	

	Adenocarcinoma vs Squamous
	0.002
	-0.0338
	0.973

	Adenocarcinoma vs SCLC
	0.014
	0.2120
	0.832

	Squamous vs SCLC
	0.016
	0.2490
	0.804


DeLong‘s test revealed no significant differences between any pair of subtypes (all P > 0.05). Abbreviations: AUC, Area Under the Curve; SCLC, Small Cell Lung Cancer. Abbreviations: AUC, Area Under the Curve; SCLC, Small Cell Lung Cancer; Adeno, Adenocarcinoma; Squamous, Squamous Cell Carcinoma.



Table 8. Decomposition of Effects in the Mediation Analysis.
	Independ-ent variable
	Medi-ator 
	Total effect
	Indirect effect
	Direct effect
	Proportion mediated (95%CI) 

	
	
	Coefficient (95%CI)
	P value
	Coefficient (95%CI)
	P value
	Coefficient (95%CI)
	P value
	

	Smoking Status
	Serum CEA
	0.12 (-0.00~0.25)
	0.056
	0.09 (-0.02-0.22)
	0.118
	0.02 (0.00~0.05)
	0.026
	82.08 
(-20.25~127.00)


The total, indirect (mediated through serum CEA), and direct (not through serum CEA) effects of Smoking Status on Lung Cancer risk, along with their 95% confidence intervals, were estimated using the bootstrap method (1000 repetitions). The proportion mediated was calculated using the point estimates. All analyses were adjusted for age, BMI, gender, marital status, hypertension, diabetes, hyperlipidemia, and CVD.
2

