	Supplementary Table S1. Distribution of variables for BPNs and MPNs

	
	levels
	BPNs (N, %) N=4735
	MPNs (N, %) N=2509
	P a

	Age (year)
	<30
	148 (3.13)
	88 (3.51)
	<0.001

	
	[30, 40)
	395 (8.34)
	301 (12.00)
	

	
	[40, 50)
	1236 (26.10)
	646 (25.75)
	

	
	[50, 60)
	1672 (35.31)
	773 (30.81)
	

	
	≧60
	1284 (27.12)
	701 (27.94)
	

	Nodule count
	Single
	1652 (34.89)
	494 (19.69)
	<0.001

	
	Multiple
	3083 (65.11)
	2015 (80.31)
	

	Nodule size (cm)
	<0.6
	3839 (81.08)
	443 (17.66)
	<0.001

	
	≧0.6
	896 (18.92)
	2066 (82.34)
	

	Sex
	Male
	2963 (62.58)
	873 (34.79)
	<0.001

	
	Female
	1772 (37.42)
	1636 (65.21)
	

	Left upper lobe
	No
	3881 (81.96)
	1862 (74.21)
	<0.001

	
	Yes
	854 (18.04)
	647 (25.79)
	

	Left lower lobe
	No
	3705 (78.25)
	2178 (86.81)
	<0.001

	
	Yes
	1030 (21.75)
	331 (13.19)
	

	Right upper lobe
	No
	3641 (76.9)
	1687 (67.24)
	<0.001

	
	Yes
	1094 (23.1)
	822 (32.76)
	

	Right middle lobe
	No
	4114 (86.88)
	2322 (92.55)
	<0.001

	
	Yes
	621 (13.12)
	187 (7.45)
	

	Right lower lobe
	No
	3599 (76.01)
	1987 (79.19)
	0.002

	
	Yes
	1136 (23.99)
	522 (20.81)
	

	Solid Nodule
	No
	1308 (27.62)
	2303 (91.79)
	<0.001

	
	Yes
	3427 (72.38)
	206 (8.21)
	

	Part-Solid Nodule
	No
	4678 (98.80)
	1941 (77.36)
	<0.001

	
	Yes
	57 (1.20)
	568 (22.64)
	

	Ground Glass Nodule
	No
	3775 (79.73)
	876 (34.91)
	<0.001

	
	Yes
	960 (20.27)
	1633 (65.09)
	

	Unclear of Nodule
	No
	4444 (93.85)
	2407 (95.93)
	<0.001

	
	Yes
	291 (6.15)
	102 (4.07)
	

	Border
	No
	233 (4.92)
	226 (9.01)
	<0.001

	
	Yes
	4502 (95.08)
	2283 (90.99)
	

	Margin
	No
	293 (6.19)
	652 (25.99)
	<0.001

	
	Yes
	4442 (93.81)
	1857 (74.01)
	

	Lobulation
	No
	4699 (99.24)
	2167 (86.37)
	<0.001

	
	Yes
	36 (0.76)
	342 (13.63)
	

	Spiculation
	No
	4663 (98.48)
	2199 (87.64)
	<0.001

	
	Yes
	72 (1.52)
	310 (12.36)
	

	Vessel convergence
	No
	4718 (99.64)
	2160 (86.09)
	<0.001

	
	Yes
	17 (0.36)
	349 (13.91)
	

	Pleural retraction sign
	No
	4671 (98.65)
	2230 (88.88)
	<0.001

	
	Yes
	64 (1.35)
	279 (11.12)
	

	Air bronchogram
	No
	4724 (99.77)
	2417 (96.33)
	<0.001

	
	Yes
	11 (0.23)
	92 (3.67)
	




	Supplementary Table S1. Distribution of variables for BPNs and MPNs (continue)

	
	levels
	BPNs (N, %) N=4735
	MPNs (N, %) N=2509
	P a

	Vacuole sign
	No
	4722 (99.73)
	2313 (92.19)
	<0.001

	
	Yes
	13 (0.27)
	196 (7.81)
	

	Cavity sign
	No
	4730 (99.89)
	2492 (99.32)
	<0.001

	
	Yes
	5 (0.11)
	17 (0.68)
	

	Calcification
	No
	4454 (94.07)
	2503 (99.76)
	<0.001

	
	Yes
	281 (5.93)
	6 (0.24)
	

	Shape of nodule
	No
	81 (1.71)
	428 (17.06)
	<0.001

	
	Yes
	4654 (98.29)
	2081 (82.94)
	

	MLR
	<0.220
	2361 (49.86)
	1103 (43.96)
	<0.001

	
	≧0.220
	2374 (50.14)
	1406 (56.04)
	

	NLR
	<1.730
	2488 (52.54)
	1131 (45.08)
	<0.001

	
	≧1.730
	2247 (47.46)
	1378 (54.92)
	

	PLR
	<124.546
	2430 (51.32)
	1194 (47.59)
	0.003

	
	≧124.546
	2305 (48.68)
	1315 (52.41)
	

	SII
	<414.980
	2357 (49.78)
	1265 (50.42)
	0.621

	
	≧414.980
	2378 (50.22)
	1244 (49.58)
	

	White Blood Cell (WBC)
	<4 10^9/L
	189 (3.99)
	183 (7.29)
	<0.001

	
	4-10 10^9/L
	4432 (93.60)
	2228 (88.80)
	

	
	>10 10^9/L
	114 (2.41)
	98 (3.91)
	

	Lymphocyte (LYMPH)
	<0.9 10^9/L
	39 (0.82)
	76 (3.03)
	<0.001

	
	0.9-5.2 10^9/L
	4691 (99.07)
	2431 (96.89)
	

	
	>5.2 10^9/L
	5 (0.11)
	2 (0.08)
	

	Neutrophil (NEUT)
	<1.8 10^9/L
	104 (2.20)
	77 (3.07)
	<0.001

	
	1.8-8 10^9/L
	4604 (97.23)
	2366 (94.30)
	

	
	>8 10^9/L
	27 (0.57)
	66 (2.63)
	

	Monocytes (MONO)
	<0.16 10^9/L
	5 (0.10)
	19 (0.76)
	<0.001

	
	0.16-1 10^9/L
	4715 (99.58)
	2465 (98.25)
	

	
	>1 10^9/L
	15 (0.32)
	25 (0.99)
	

	Platelet (PLT)
	<100 10^9/L
	10 (0.21)
	33 (1.31)
	<0.001

	
	100-400 10^9/L
	4657 (98.35)
	2450 (97.65)
	

	
	>400 10^9/L
	68 (1.44)
	26 (1.04)
	

	Hemoglobin (Hb)
	<120 g/L
	292 (6.17)
	351 (13.99)
	<0.001

	
	120-160 g/L
	3687 (77.87)
	2048 (81.63)
	

	
	>160 g/L
	756 (15.97)
	110 (4.38)
	

	Albumin (ALB)
	<35 g/L
	22 (0.46)
	49 (1.95)
	<0.001

	
	35-55 g/L
	4710 (99.47)
	2456 (97.89)
	

	
	>55 g/L
	3 (0.06)
	4 (0.16)
	

	Carcinoembryonic Antigen (CEA)
	<5 ng/ml
	4469 (94.38)
	2383 (94.98)
	0.312

	
	≧5 ng/ml
	266 (5.62)
	126 (5.02)
	

	a: Chi-square test; BPNs, benign pulmonary nodules; MPNs, malignant pulmonary nodules;
MLR: Monocytes to Lymphocyte Ratio; NLR: Neutrophil to Lymphocyte Ratio;
PLR: Platelet to Lymphocyte Ratio; SII: Systemic Immune-inflammation Index.



	Supplementary Table S2. Type and location distribution of pulmonary nodules for analysis

	
	Left upper lobe
	Left lower lobe
	Right upper lobe
	Right middle lobe
	Right lower lobe
	Total

	Solid Nodule
	1369
	842
	765
	503
	919
	3633

	Part-Solid Nodule
	367
	74
	192
	34
	150
	625

	Ground Glass Nodule 
	1503
	365
	853
	227
	498
	2593

	Unclear of Nodule
	178
	80
	106
	44
	91
	393

	Total
	3417
	1361
	1916
	808
	1658
	7244









	Supplementary Table S3. The distribution of pathological types of pulmonary nodules

	
	AAH
	AIS
	IA
	MIA
	SCLC
	NSCLC
	Fibrosis nodules
	Hyalinization
	Calcified nodules
	Intrapulmonary lymph nodes
	Granuloma
	No tumor found
	Hamartoma of lung
	Tuberculosis
	Inflammatory
	Unclassified adenocarcinoma
	Others
	Total

	Solid Nodule
	37
	42
	68
	101
	2
	0
	41
	0
	1
	44
	15
	6
	10
	2
	33
	3
	32
	437

	Part-Solid Nodule
	21
	56
	217
	297
	0
	0
	7
	0
	0
	2
	2
	7
	0
	0
	14
	7
	3
	633

	Ground Glass Nodule
	284
	402
	169
	1034
	0
	0
	61
	1
	1
	13
	1
	32
	1
	1
	41
	7
	34
	2082

	Unclear of Nodule
	6
	4
	59
	18
	1
	8
	15
	1
	1
	7
	10
	4
	0
	2
	18
	8
	4
	166

	Total
	348
	504
	513
	1450
	3
	8
	124
	2
	3
	66
	28
	49
	11
	5
	106
	25
	73
	3318

	AAH, Atypical adenomatous hyperplasia; AIS: Adenocarcinoma in situ; IA: Invasive adenocarcinoma; MIA: Microinvasive adenocarcinoma; SCLC: Small cell lung cancer; NSCLC: Non-small cell lung cancer.







	Supplementary Table S4. Coefficients of features screened by RF

	
	Distinguishing features
	BPNs (%)
	MPNs (%)

	X1
	Nodule size (cm)
	<0.6
	81.08
	17.66

	
	
	≧0.6
	18.92
	82.34

	X2
	Nodule type
	
	
	

	
	Solid Nodule
	No/ Yes
	27.62/ 72.38
	91.79/ 8.21

	
	Ground Glass Nodule
	No/ Yes
	79.73/ 20.27
	34.91/ 65.09

	
	Part-Solid Nodule 
	No/ Yes
	98.80/ 1.20
	77.36/ 22.64

	
	Unclear of Nodule
	No/ Yes
	93.85/ 6.15
	95.93/ 4.07

	X3
	Nodule Count
	Single
	34.89
	19.69

	
	
	Multiple
	65.11
	80.31

	X4
	Age (year)
	<30
	3.13
	3.51

	
	
	[30, 40)
	8.34
	12.00

	
	
	[40, 50) 
	26.10
	25.75

	
	
	[50, 60)
	35.31
	30.81

	
	
	≧60
	27.12
	27.94

	X5
	Sex
	Male
	62.58
	34.79

	
	
	Female
	37.42
	65.21

	X6
	Imaging features
	
	
	

	
	Border
	No/ Yes
	4.92/ 95.08
	9.01/ 90.99

	
	Cavity Sign
	No/ Yes
	99.89/ 0.11
	99.32/ 0.68

	
	Margin
	No/ Yes
	6.19/ 93.81
	25.99/ 74.01

	
	Lobulation
	No/ Yes
	99.24/ 0.76
	86.37/ 13.63

	
	Shape of nodule
	No/ Yes
	1.71/ 98.29
	17.06/ 82.94

	
	Vessel Convergence
	No/ Yes
	99.64/ 0.36
	86.09/ 13.91

	
	Pleural Retraction Sign
	No/ Yes
	98.65/ 1.35
	88.88/ 11.12

	
	Left Upper Lobe
	No/ Yes
	81.96/ 18.04
	74.21/ 25.79

	
	Right Middle Lobe
	No/ Yes
	86.88/ 13.12
	92.55/ 7.45

	
	Right Lower Lobe
	No/ Yes
	76.01/ 23.99
	79.19/ 20.81

	X7
	PLR (Platelet to Lymphocyte Ratio)
	<124.546
	51.32
	47.59

	
	
	≧124.546
	48.68
	52.41

	X8
	CEA (Carcinoembryonic Antigen)
	<5 ng/ml
	94.38
	94.98

	
	
	≧5 ng/ml
	5.62
	5.02

	X9
	SII (Systemic Immune-inflammation Index)
	<414.980
	48.78
	50.42

	
	
	≧414.980
	50.22
	49.58

	X10
	NLR (Neutrophil to Lymphocyte Ratio)
	<1.730
	52.54
	45.08

	
	
	≧1.730
	47.46
	54.92

	X11
	MLR (Monocytes to Lymphocyte Ratio)
	<0.220
	49.86
	43.96

	
	
	≧0.220
	50.14
	56.04

	RF, Random Forests; BPNs, benign pulmonary nodules; MPNs, malignant pulmonary nodules.











	Supplementary Table S5. Coefficients of features screened by GBM

	
	Distinguishing features
	BPNs (%)
	MPNs (%)

	X1
	Nodule size (cm)
	<0.6
	81.08
	17.66

	
	
	≧0.6
	18.92
	82.34

	X2
	Nodule type
	
	
	

	
	Solid Nodule
	No/ Yes
	27.62/ 72.38
	91.79/ 8.21

	
	Ground Glass Nodule
	No/ Yes
	79.73/ 20.27
	34.91/ 65.09

	
	Part-Solid Nodule 
	No/ Yes
	98.80/ 1.20
	77.36/ 22.64

	
	Unclear of Nodule
	No/ Yes
	93.85/ 6.15
	95.93/ 4.07

	X3
	Nodule Count
	Single
	34.89
	19.69

	
	
	Multiple
	65.11
	80.31

	X4
	Age (year)
	<30
	3.13
	3.51

	
	
	[30, 40)
	8.34
	12.00

	
	
	[40, 50) 
	26.10
	25.75

	
	
	[50, 60)
	35.31
	30.81

	
	
	≧60
	27.12
	27.94

	X5
	Sex
	Male
	62.58
	34.79

	
	
	Female
	37.42
	65.21

	X6
	Imaging features
	
	
	

	
	Vacuole Sign
	No/ Yes
	99.73/ 0.27
	92.19/ 7.81

	
	Margin
	No/ Yes
	6.19/ 93.81
	25.99/ 74.01

	
	Shape of nodule
	No/ Yes
	1.71/ 98.29
	17.06/ 82.94

	
	Calcification
	No/ Yes
	94.07/ 5.93
	99.76/ 0.24

	
	Pleural Retraction Sign
	No/ Yes
	98.65/ 1.35
	88.88/ 11.12

	
	Vessel Convergence
	No/ Yes
	99.64/ 0.36
	86.09/ 13.91

	X7
	Hb (Hemoglobin)
	<120 g/L
	6.17
	13.99

	
	
	120-160 g/L
	77.87
	81.63

	
	
	>160 g/L
	15.97
	4.38

	X8
	NEUT (Neutrophil)
	<1.8 10^9/L
	2.20
	3.07

	
	
	1.8-8 10^9/L
	97.23
	94.30

	
	
	>8 10^9/L
	0.57
	2.63

	X9
	NLR (Neutrophil to Lymphocyte Ratio)
	<1.730
	52.54
	45.08

	
	
	≧1.730
	47.46
	54.92

	X10
	MLR (Monocytes to Lymphocyte Ratio)
	<0.220
	49.86
	43.96

	
	
	≧0.220
	50.14
	56.04

	GBM, Gradient Boosting Machine; BPNs, benign pulmonary nodules; MPNs, malignant pulmonary nodules.









	Supplementary Table S6. Coefficients of features screened by XGBoost

	
	Distinguishing features
	BPNs (%)
	MPNs (%)

	X1
	Nodule size (cm)
	<0.6
	81.08
	17.66

	
	
	≧0.6
	18.92
	82.34

	X2
	Nodule type
	
	
	

	
	Solid Nodule
	No/ Yes
	27.62/ 72.38
	91.79/ 8.21

	
	Ground Glass Nodule
	No/ Yes
	79.73/ 20.27
	34.91/ 65.09

	
	Part-Solid Nodule
	No/ Yes
	98.80/ 1.20
	77.36/ 22.64

	
	Unclear of Nodule
	No/ Yes
	93.85/ 6.15
	95.93/ 4.07

	X3
	Nodule Count
	Single
	34.89
	19.69

	
	
	Multiple
	65.11
	80.31

	X4
	Age (year)
	<30
	3.13
	3.51

	
	
	[30, 40)
	8.34
	12.00

	
	
	[40, 50)
	26.10
	25.75

	
	
	[50, 60)
	35.31
	30.81

	
	
	≧60
	27.12
	27.94

	X5
	Sex
	Male
	62.58
	34.79

	
	
	Female
	37.42
	65.21

	X6
	Imaging features
	
	
	

	
	Margin
	No/ Yes
	6.19/ 93.81
	25.99/ 74.01

	
	Shape of nodule
	No/ Yes
	1.71/ 98.29
	17.06/ 82.94

	
	Calcification
	No/ Yes
	94.07/ 5.93
	99.76/ 0.24

	
	Vessel Convergence
	No/ Yes
	99.64/ 0.36
	86.09/ 13.91

	
	Vacuole Sign
	No/ Yes
	99.73/ 0.27
	92.19/ 7.81

	X7
	Hb (Hemoglobin)
	<120 g/L
	6.17
	13.99

	
	
	120-160 g/L
	77.87
	81.63

	
	
	>160 g/L
	15.97
	4.38

	X8
	NLR (Neutrophil to Lymphocyte Ratio)
	<1.730
	52.54
	45.08

	
	
	≧1.730
	47.46
	54.92

	X9
	MLR (Monocytes to Lymphocyte Ratio)
	<0.220
	49.86
	43.96

	
	
	≧0.220
	50.14
	56.04

	X10
	PLR (Platelet to Lymphocyte Ratio)
	<124.546
	51.32
	47.59

	
	
	≧124.546
	48.68
	52.41

	XGBoost, eXtreme Gradient Boosting; BPNs, benign pulmonary nodules; MPNs, malignant pulmonary nodules.








[bookmark: _GoBack]Supplementary Material S1. The parameters used for model training of three machine learning algorithms. 
(1) Random Forests (RF): ntrees=500; mtries=4. 
(2) Gradient Boosting Machine (GBM): ntrees=500; score_tree_interval=5; stopping_metric="AUC"; stopping_tolerance=0.0005.
(3) eXtreme Gradient Boosting (XGBoost): gamma=0; eta=0.05; max_depth=5; nrounds=155.


