Table 1 The demographic, pathological, and treatment characteristics of the study population.
	Characteristic
	Overall (N = 2605, %)1
	Training (N = 1833, %)1
	Validation (N = 772, %)1
	p-value2

	Age group
	
	
	
	0.795

	<30
	133 (5.11)
	97 (5.29)
	36 (4.66)
	

	30-40
	825 (31.67)
	578 (31.53)
	247 (31.99)
	

	40-50
	1,647 (63.22)
	1,158 (63.18)
	489 (63.34)
	

	Race
	
	
	
	0.502

	Black
	481 (18.46)
	349 (19.04)
	132 (17.10)
	

	White
	1,822 (69.94)
	1,274 (69.50)
	548 (70.98)
	

	Other
	302 (11.59)
	210 (11.46)
	92 (11.92)
	

	Marital Status
	
	
	
	0.315

	Single
	1,168 (44.84)
	834 (45.50)
	334 (43.26)
	

	Married
	1,437 (55.16)
	999 (54.50)
	438 (56.74)
	

	Year of Diagnosis
	
	
	
	0.506

	2010-2014
	1,566 (60.12)
	1,110 (60.56)
	456 (59.07)
	

	2015-2019
	1,039 (39.88)
	723 (39.44)
	316 (40.93)
	

	Histology
	
	
	
	0.554

	IDC
	2,313 (88.79)
	1,625 (88.65)
	688 (89.12)
	

	ILC
	153 (5.87)
	113 (6.16)
	40 (5.18)
	

	IDC+ILC
	139 (5.34)
	95 (5.18)
	44 (5.70)
	

	Tumor Size
	
	
	
	0.817

	<2
	298 (11.44)
	213 (11.62)
	85 (11.01)
	

	2-5
	1,199 (46.03)
	837 (45.66)
	362 (46.89)
	

	>=5
	1,108 (42.53)
	783 (42.72)
	325 (42.10)
	

	Grade
	
	
	
	0.760

	Grade I
	131 (5.03)
	92 (5.02)
	39 (5.05)
	

	Grade II
	987 (37.89)
	689 (37.59)
	298 (38.60)
	

	Grade III
	1,475 (56.62)
	1,042 (56.85)
	433 (56.09)
	

	Grade IV
	12 (0.46)
	10 (0.55)
	2 (0.26)
	

	T Stage
	
	
	
	0.168

	T1
	281 (10.79)
	194 (10.58)
	87 (11.27)
	

	T2
	1,044 (40.08)
	720 (39.28)
	324 (41.97)
	

	T3
	613 (23.53)
	427 (23.30)
	186 (24.09)
	

	T4
	667 (25.60)
	492 (26.84)
	175 (22.67)
	

	N Stage
	
	
	
	0.589

	N0
	416 (15.97)
	303 (16.53)
	113 (14.64)
	

	N1
	1,325 (50.86)
	919 (50.14)
	406 (52.59)
	

	N2
	374 (14.36)
	264 (14.40)
	110 (14.25)
	

	N3
	490 (18.81)
	347 (18.93)
	143 (18.52)
	

	ER Status
	
	
	
	0.911

	Negative
	721 (27.68)
	509 (27.77)
	212 (27.46)
	

	Positive
	1,884 (72.32)
	1,324 (72.23)
	560 (72.54)
	

	PR Status
	
	
	
	0.266

	Negative
	989 (37.97)
	709 (38.68)
	280 (36.27)
	

	Positive
	1,616 (62.03)
	1,124 (61.32)
	492 (63.73)
	

	Molecular Subtype
	
	
	
	0.921

	HR+/HER2-
	1,358 (52.13)
	960 (52.37)
	398 (51.55)
	

	HR-/HER2+
	297 (11.40)
	211 (11.51)
	86 (11.14)
	

	HR+/HER2+
	562 (21.57)
	389 (21.22)
	173 (22.41)
	

	HR-/HER2-
	388 (14.89)
	273 (14.89)
	115 (14.90)
	

	Metastasis
	
	
	
	0.576

	Bone only
	1,024 (39.31)
	730 (39.83)
	294 (38.08)
	

	Liver only
	306 (11.75)
	208 (11.35)
	98 (12.69)
	

	Lung only
	217 (8.33)
	154 (8.40)
	63 (8.16)
	

	Brain only
	27 (1.04)
	16 (0.87)
	11 (1.42)
	

	Multiple sites
	1,031 (39.58)
	725 (39.55)
	306 (39.64)
	

	Chemotherapy
	
	
	
	0.583

	No
	491 (18.85)
	351 (19.15)
	140 (18.13)
	

	Yes
	2,114 (81.15)
	1,482 (80.85)
	632 (81.87)
	

	Radiotherapy
	
	
	
	0.306

	No
	1,573 (60.38)
	1,119 (61.05)
	454 (58.81)
	

	Yes
	1,032 (39.62)
	714 (38.95)
	318 (41.19)
	

	Surgery
	
	
	
	0.271

	No
	1,422 (54.59)
	1,013 (55.26)
	409 (52.98)
	

	BCS
	294 (11.29)
	212 (11.57)
	82 (10.62)
	

	Mastectomy
	889 (34.13)
	608 (33.17)
	281 (36.40)
	

	1 n and percentage for categorical variables. P-values calculated using Chi-squared test and Fisher's exact test.

	2Pearson's Chi-squared test






[bookmark: OLE_LINK3][bookmark: _Hlk225194189]Table 2 Univariable Cox regression analysis of overall survival (OS) and cancer-specific survival (CSS) in patients with de novo stage IV breast cancer
	[bookmark: OLE_LINK1]Characteristic
	OS
	
	
	
	
	CSS
	
	

	
	HR (univariable)
	P
	HR (multivariable)
	P
	
	
	HR (univariable)
	P
	HR (multivariable)
	P

	Age
	
	
	
	
	
	
	
	
	
	

	<30
	Reference
	
	
	
	
	
	Reference
	
	
	

	30-40
	1.05 (0.77-1.43)
	0.753
	
	
	
	
	1.11 (0.80-1.54)
	0.537
	
	

	40-50
	1.14 (0.85-1.53)
	0.388
	
	
	
	
	1.20 (0.88-1.65)
	0.251
	
	

	Marital status
	
	
	
	
	
	
	
	
	
	

	Single
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	Married
	0.68 (0.60-0.77)
	<0.001
	0.74 (0.65-0.84)
	<0.001
	
	
	0.71 (0.62-0.80)
	<0.001
	0.76 (0.67-0.87)
	<0.001

	Race
	
	
	
	
	
	
	
	
	
	

	Black
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	White
	0.59 (0.51-0.68)
	<0.001
	0.83 (0.71-0.97)
	0.021
	
	
	0.62 (0.53-0.72)
	<0.001
	0.88 (0.75-1.04)
	0.134

	Other
	0.58 (0.47-0.73)
	<0.001
	0.79 (0.62-0.99)
	0.041
	
	
	0.60 (0.47-0.75)
	<0.001
	0.80 (0.63-1.03)
	0.08

	Histology
	
	
	
	
	
	
	
	
	
	

	IDC
	Reference
	
	
	
	
	
	Reference
	
	
	

	ILC
	1.00 (0.77-1.32)
	0.974
	
	
	
	
	0.97 (0.73-1.30)
	0.863
	
	

	IDC+ILC
	0.93 (0.70-1.25)
	0.638
	
	
	
	
	0.98 (0.73-1.31)
	0.875
	
	

	Tumor size
	
	
	
	
	
	
	
	
	
	

	<2
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	2-5
	1.06 (0.86-1.31)
	0.597
	1.01 (0.73-1.40)
	0.967
	
	
	1.06 (0.85-1.32)
	0.587
	0.97 (0.69-1.36)
	0.461

	>=5
	1.44 (1.17-1.77)
	<0.001
	1.25 (0.90-1.73)
	0.178
	
	
	1.46 (1.17-1.81)
	<0.001
	1.23 (0.88-1.73)
	0.634

	Grade
	
	
	
	
	
	
	
	
	
	0.098

	Grade I
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	0.461

	Grade II
	1.14 (0.82-1.58)
	0.429
	1.19 (0.86-1.66)
	0.288
	
	
	1.12 (0.80-1.57)
	0.5
	1.18 (0.84-1.66)
	0.634

	Grade III
	1.82 (1.33-2.50)
	<0.001
	1.76 (1.27-2.44)  
	<0.001
	
	
	1.80 (1.30-2.50)
	<0.001
	1.74 (1.24-2.45)
	0.098

	Grade IV
	1.74 (0.78-3.89)
	0.174
	2.15 (0.95-4.84)
	0.065
	
	
	1.61 (0.68-3.82)
	0.277
	2.07 (0.87-4.96)
	0.461

	T stage
	
	
	
	
	
	
	
	
	
	

	T1
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	T2
	1.11 (0.89-1.39)
	0.343
	1.08 (0.76-1.53)
	0.678
	
	
	1.15 (0.91-1.45)
	0.253
	1.15 (0.79-1.66)
	0.461

	T3
	1.36 (1.08-1.72)
	0.01
	1.05 (0.73-1.51)
	0.797
	
	
	1.40 (1.10-1.80)
	0.007
	1.10 (0.75-1.61)
	0.634

	T4
	1.74 (1.39-2.19)
	<0.001
	1.31 (0.94-1.83)
	0.116
	
	
	1.76 (1.38-2.23)
	<0.001
	1.35 (0.95-1.92)
	0.098

	N stage
	
	
	
	
	
	
	
	
	
	

	N0
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	N1
	1.04 (0.87-1.23)
	0.679
	0.94 (0.79-1.13)
	0.526
	
	
	1.08 (0.90-1.30)
	0.386
	1.00 (0.83-1.21)
	0.981

	N2
	0.84 (0.66-1.06)
	0.138
	0.92 (0.72-1.18)
	0.514
	
	
	0.87 (0.68-1.12)
	0.286
	0.98 (0.75-1.26)
	0.85

	N3
	1.32 (1.08-1.61)
	0.007
	1.07 (0.87-1.33)
	0.511
	
	
	1.41 (1.14-1.74)
	0.002
	1.15 (0.92-1.45)
	0.213

	PR status
	
	
	
	
	
	
	
	
	
	

	Negative
	
	
	Reference
	
	
	
	
	
	Reference
	

	Positive
	0.49 (0.44-0.56)
	<0.001
	0.51 (0.42-0.62)
	<0.001
	
	
	0.51 (0.44-0.57)
	<0.001
	0.52 (0.42-0.64)
	<0.001

	Molecular subtype
	
	
	
	
	
	
	
	
	
	

	HR+/HER2-
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	HR-/HER2+
	0.92 (0.75-1.13)
	0.408
	0.43 (0.33-0.57)
	<0.001
	
	
	0.83 (0.66-1.03)
	0.094
	0.38 (0.29-0.52)
	<0.001

	HR+/HER2+
	0.61 (0.51-0.73)
	<0.001
	0.47 (0.39-0.57)
	<0.001
	
	
	0.60 (0.50-0.72)
	<0.001
	0.46 (0.37-0.56)
	<0.001

	HR-/HER2-
	3.18 (2.72-3.71)
	<0.001
	1.48 (1.17-1.88)
	<0.001
	
	
	3.21 (2.74-3.78)
	<0.001
	1.50 (1.17-1.93)
	0.001

	Metastasis
	
	
	
	
	
	
	
	
	
	

	Bone only
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	Liver only
	1.10 (0.89-1.37)
	0.375
	1.19 (0.94-1.50)
	0.146
	
	
	1.15 (0.92-1.44)
	0.217
	1.29 (1.02-1.65)
	0.037

	Lung only
	1.44 (1.14-1.83)
	0.002
	0.99 (0.77-1.27)
	0.910
	
	
	1.45 (1.13-1.86)
	0.003
	1.02 (0.78-1.32)
	0.904

	Brain only
	4.77 (2.74-8.31)
	<0.001
	2.94 (1.65-5.24)
	<0.001
	
	
	5.29 (3.03-9.23)
	<0.001
	3.39 (1.90-6.07)
	<0.001

	Multiple sites
	1.77 (1.54-2.03)
	<0.001
	1.47 (1.27-1.71)
	<0.001
	
	
	1.81 (1.56-2.09)
	<0.001
	1.52 (1.30-1.77)
	<0.001

	Chemotherapy
	
	
	
	
	
	
	
	
	
	

	No
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	Yes
	0.77 (0.67-0.90)
	<0.001
	0.69 (0.59-0.82)
	<0.001
	
	
	0.80 (0.68-0.94)
	0.006
	0.72 (0.61-0.86)
	<0.001

	Radiotherapy
	
	
	
	
	
	
	
	
	
	

	No
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	Yes
	0.79 (0.70-0.90)
	<0.001
	0.99 (0.86-1.14)
	0.895
	
	
	0.82 (0.72-0.94)
	0.003
	1.04 (0.90-1.20)
	0.597

	Surgery
	
	
	
	
	
	
	
	
	
	

	No
	Reference
	
	Reference
	
	
	
	Reference
	
	Reference
	

	BCS
	0.45 (0.36-0.57)
	<0.001
	0.53 (0.42-0.67)
	<0.001
	
	
	0.44 (0.35-0.56)
	<0.001
	0.50 (0.39-0.65)
	<0.001

	Mastectomy
	0.56 (0.49-0.65)
	<0.001
	0.53 (0.46-0.62)
	<0.001
	
	
	0.58 (0.50-0.67)
	<0.001
	0.53 (0.45-0.62)
	<0.001



Table 3. Baseline Characteristics of Patients by different treatment Group Before and After Inverse Probability of Treatment Weighting (ATE)
	
	Unweighted
	Weighted (ATE)

	Characteristic
	No  
N = 1,4221
	BCS  
N = 2941
	Mastectomy  
N = 8891
	p-value2
	No  
N = 1,4121
	BCS  
N = 2981
	Mastectomy  
N = 8831
	p-value3

	Age Group
	
	
	
	0.071
	
	
	
	0.978

	<30
	72 (5.1)
	16 (5.4)
	45 (5.1)
	NA
	70 (5.0)
	17 (5.6)
	42 (4.8)
	NA

	30-40
	426 (30)
	85 (29)
	314 (35)
	NA
	454 (32)
	93 (31)
	291 (33)
	NA

	40-50
	924 (65)
	193 (66)
	530 (60)
	NA
	888 (63)
	188 (63)
	550 (62)
	NA

	Race
	
	
	
	0.111
	
	
	
	0.935

	Black
	289 (20)
	45 (15)
	147 (17)
	NA
	276 (20)
	52 (17)
	159 (18)
	NA

	White
	974 (68)
	214 (73)
	634 (71)
	NA
	975 (69)
	211 (71)
	622 (70)
	NA

	Other
	159 (11)
	35 (12)
	108 (12)
	NA
	162 (11)
	35 (12)
	101 (11)
	NA

	Marital Status
	
	
	
	0.000
	
	
	
	0.942

	Single
	712 (50)
	118 (40)
	338 (38)
	NA
	638 (45)
	132 (44)
	392 (44)
	NA

	Married
	710 (50)
	176 (60)
	551 (62)
	NA
	774 (55)
	165 (56)
	491 (56)
	NA

	Histology
	
	
	
	0.098
	
	
	
	0.113

	IDC
	1,243 (87)
	268 (91)
	802 (90)
	NA
	1,246 (88)
	260 (87)
	801 (91)
	NA

	ILC
	96 (6.8)
	16 (5.4)
	41 (4.6)
	NA
	85 (6.0)
	27 (9.1)
	37 (4.2)
	NA

	IDC+ILC
	83 (5.8)
	10 (3.4)
	46 (5.2)
	NA
	81 (5.7)
	10 (3.5)
	44 (5.0)
	NA

	Tumor Size
	
	
	
	0.000
	
	
	
	0.541

	<2
	166 (12)
	59 (20)
	73 (8.2)
	NA
	160 (11)
	44 (15)
	92 (10)
	NA

	2-5
	646 (45)
	175 (60)
	378 (43)
	NA
	633 (45)
	136 (46)
	402 (45)
	NA

	>=5
	610 (43)
	60 (20)
	438 (49)
	NA
	619 (44)
	118 (39)
	389 (44)
	NA

	Grade
	
	
	
	0.004
	
	
	
	0.951

	Grade I
	88 (6.2)
	11 (3.7)
	32 (3.6)
	NA
	71 (5.1)
	13 (4.3)
	38 (4.3)
	NA

	Grade II
	565 (40)
	113 (38)
	309 (35)
	NA
	524 (37)
	112 (38)
	326 (37)
	NA

	Grade III
	762 (54)
	170 (58)
	543 (61)
	NA
	809 (57)
	173 (58)
	514 (58)
	NA

	Grade IV
	7 (0.5)
	0 (0)
	5 (0.6)
	NA
	7 (0.5)
	0 (0)
	5 (0.5)
	NA

	T Stage
	
	
	
	0.000
	
	
	
	0.993

	T1
	150 (11)
	67 (23)
	64 (7.2)
	NA
	151 (11)
	32 (11)
	91 (10)
	NA

	T2
	545 (38)
	157 (53)
	342 (38)
	NA
	552 (39)
	115 (39)
	357 (40)
	NA

	T3
	336 (24)
	46 (16)
	231 (26)
	NA
	345 (24)
	77 (26)
	211 (24)
	NA

	T4
	391 (27)
	24 (8.2)
	252 (28)
	NA
	365 (26)
	73 (25)
	223 (25)
	NA

	N Stage
	
	
	
	0.000
	
	
	
	0.839

	N0
	260 (18)
	65 (22)
	91 (10)
	NA
	235 (17)
	50 (17)
	136 (15)
	NA

	N1
	839 (59)
	117 (40)
	369 (42)
	NA
	712 (50)
	163 (55)
	449 (51)
	NA

	N2
	132 (9.3)
	50 (17)
	192 (22)
	NA
	209 (15)
	36 (12)
	132 (15)
	NA

	N3
	191 (13)
	62 (21)
	237 (27)
	NA
	256 (18)
	49 (16)
	166 (19)
	NA

	ER Status
	
	
	
	0.505
	
	
	
	0.509

	Negative
	381 (27)
	87 (30)
	253 (28)
	NA
	396 (28)
	96 (32)
	253 (29)
	NA

	Positive
	1,041 (73)
	207 (70)
	636 (72)
	NA
	1,016 (72)
	201 (68)
	630 (71)
	NA

	PR Status
	
	
	
	0.244
	
	
	
	0.512

	Negative
	529 (37)
	104 (35)
	356 (40)
	NA
	547 (39)
	129 (43)
	351 (40)
	NA

	Positive
	893 (63)
	190 (65)
	533 (60)
	NA
	865 (61)
	168 (57)
	531 (60)
	NA

	Molecular Subtype
	
	
	
	0.723
	
	
	
	0.826

	HR-/HER2-
	208 (15)
	46 (16)
	134 (15)
	NA
	219 (15)
	49 (16)
	143 (16)
	NA

	HR+/HER2-
	759 (53)
	144 (49)
	455 (51)
	NA
	723 (51)
	137 (46)
	449 (51)
	NA

	HR-/HER2+
	152 (11)
	34 (12)
	111 (12)
	NA
	158 (11)
	45 (15)
	101 (11)
	NA

	HR+/HER2+
	303 (21)
	70 (24)
	189 (21)
	NA
	312 (22)
	67 (22)
	190 (21)
	NA

	Metastasis
	
	
	
	0.000
	
	
	
	0.994

	Liver only
	155 (11)
	47 (16)
	104 (12)
	NA
	163 (12)
	32 (11)
	101 (11)
	NA

	Lung only
	120 (8.4)
	21 (7.1)
	76 (8.5)
	NA
	123 (8.7)
	31 (10)
	80 (9.0)
	NA

	Brain only
	18 (1.3)
	1 (0.3)
	8 (0.9)
	NA
	16 (1.1)
	3 (0.9)
	11 (1.2)
	NA

	Bone only
	513 (36)
	128 (44)
	383 (43)
	NA
	551 (39)
	123 (41)
	341 (39)
	NA

	Multiple sites
	616 (43)
	97 (33)
	318 (36)
	NA
	559 (40)
	109 (37)
	351 (40)
	NA

	Chemotherapy
	
	
	
	0.000
	
	
	
	0.908

	1
	357 (25)
	44 (15)
	90 (10)
	NA
	274 (19)
	54 (18)
	166 (19)
	NA

	2
	1,065 (75)
	250 (85)
	799 (90)
	NA
	1,138 (81)
	244 (82)
	717 (81)
	NA

	Radiotherapy
	
	
	
	0.000
	
	
	
	0.729

	1
	1,023 (72)
	143 (49)
	407 (46)
	NA
	865 (61)
	190 (64)
	538 (61)
	NA

	2
	399 (28)
	151 (51)
	482 (54)
	NA
	547 (39)
	107 (36)
	345 (39)
	NA

	1n (%)

	2Pearson's Chi-squared test

	3Pearson's X^2: Rao & Scott adjustment



