Table 1. Baseline characteristics of patients with metastatic RCC before and CBPS weighting (N = 19974)
	
	Original cohort
	[bookmark: _GoBack]Weighted cohort (CBPS)ᵃ

	Characteristic
	No surgery
	Surgery
	SMDᵇ
	No surgery
	Surgery
	SMDᵇ

	Age
	
	
	0.48
	
	
	0.06

	  <50
	918 (7.4%)
	1047 (14.0%)
	
	12.1%
	14.0%
	

	  50–64
	4369 (35.0%)
	3479 (46.4%)
	
	46.7%
	46.4%
	

	  65–74
	3537 (28.3%)
	2081 (27.8%)
	
	28.1%
	27.8%
	

	  ≥75
	3653 (29.3%)
	890 (11.9%)
	
	13.1%
	11.9%
	

	Sex
	
	
	0.09
	
	
	0.01

	  Male
	8350 (66.9%)
	5324 (71.0%)
	
	70.7%
	71.0%
	

	  Female
	4127 (33.1%)
	2173 (29.0%)
	
	29.3%
	29.0%
	

	Year of diagnosis
	
	
	0.21
	
	
	0.01

	  2005–2010
	3599 (28.8%)
	2729 (36.4%)
	
	36.4%
	36.4%
	

	  2011–2015
	3935 (31.5%)
	2492 (33.2%)
	
	32.8%
	33.2%
	

	  2016–2020
	4943 (39.6%)
	2276 (30.4%)
	
	30.8%
	30.4%
	

	Race
	
	
	0.15
	
	
	0.02

	  White
	10165 (81.5%)
	6393 (85.3%)
	
	85.1%
	85.3%
	

	  Black
	1389 (11.1%)
	509 (6.8%)
	
	6.4%
	6.8%
	

	  Other
	923 (7.4%)
	595 (7.9%)
	
	8.5%
	7.9%
	

	Marital status
	
	
	0.29
	
	
	0.03

	  Married
	6747 (54.1%)
	4976 (66.4%)
	
	65.4%
	66.4%
	

	  Widowed
	1690 (13.5%)
	497 (6.6%)
	
	7.3%
	6.6%
	

	  Single
	2182 (17.5%)
	1021 (13.6%)
	
	13.7%
	13.6%
	

	  Divorced
	1265 (10.1%)
	708 (9.4%)
	
	9.3%
	9.4%
	

	  Other
	593 (4.8%)
	295 (3.9%)
	
	4.4%
	3.9%
	

	Grade
	
	
	1.43
	
	
	0.12

	  I
	234 (1.9%)
	130 (1.7%)
	
	1.9%
	1.7%
	

	  II
	680 (5.5%)
	1086 (14.5%)
	
	16.0%
	14.5%
	

	  III
	1078 (8.6%)
	2395 (31.9%)
	
	32.3%
	31.9%
	

	  IV
	365 (2.9%)
	2057 (27.4%)
	
	22.5%
	27.4%
	

	  Unknownᶜ
	10120 (81.1%)
	1829 (24.4%)
	
	27.3%
	24.4%
	

	Laterality
	
	
	0.02
	
	
	0.00

	  Left
	6366 (51.0%)
	3915 (52.2%)
	
	52.4%
	52.2%
	

	  Right
	6111 (49.0%)
	3582 (47.8%)
	
	47.6%
	47.8%
	

	Histologic type
	
	
	0.85
	
	
	0.06

	  Clear cell
	4030 (32.3%)
	4888 (65.2%)
	
	63.2%
	65.2%
	

	  Papillary
	393 (3.1%)
	418 (5.6%)
	
	5.1%
	5.6%
	

	  Chromophobe
	44 (0.4%)
	97 (1.3%)
	
	1.1%
	1.3%
	

	  Sarcomatoid
	402 (3.2%)
	409 (5.5%)
	
	5.7%
	5.5%
	

	  NOS
	810 (6.5%)
	122 (1.6%)
	
	1.8%
	1.6%
	

	  Other
	6798 (54.5%)
	1563 (20.8%)
	
	23.1%
	20.8%
	

	T stage
	
	
	1.06
	
	
	0.07

	  T1
	3421 (27.4%)
	975 (13.0%)
	
	14.1%
	13.0%
	

	  T2
	2781 (22.3%)
	1049 (14.0%)
	
	15.1%
	14.0%
	

	  T3
	2708 (21.7%)
	4811 (64.2%)
	
	60.9%
	64.2%
	

	  T4
	1428 (11.4%)
	617 (8.2%)
	
	9.2%
	8.2%
	

	  Txᵈ
	2139 (17.1%)
	45 (0.6%)
	
	0.7%
	0.6%
	

	N stage
	
	
	0.34
	
	
	0.05

	  N0
	6490 (52.0%)
	5077 (67.7%)
	
	65.4%
	67.7%
	

	  N1
	3095 (24.8%)
	1426 (19.0%)
	
	20.4%
	19.0%
	

	  Nxᵈ
	2892 (23.2%)
	994 (13.3%)
	
	14.2%
	13.3%
	

	Sequence number
	
	
	0.16
	
	
	0.01

	  First/only
	10303 (82.6%)
	6607 (88.1%)
	
	87.7%
	88.1%
	

	  Second+
	2174 (17.4%)
	890 (11.9%)
	
	12.3%
	11.9%
	

	Number of tumours
	
	
	0.08
	
	
	0.01

	  1
	9879 (79.2%)
	6158 (82.1%)
	
	82.2%
	82.1%
	

	  2
	2146 (17.2%)
	1099 (14.7%)
	
	14.4%
	14.7%
	

	  3+
	452 (3.6%)
	240 (3.2%)
	
	3.4%
	3.2%
	

	Tumour size
	
	
	0.33
	
	
	0.03

	  ≤4
	1892 (15.2%)
	547 (7.3%)
	
	7.9%
	7.3%
	

	  4–7
	3643 (29.2%)
	1711 (22.8%)
	
	23.0%
	22.8%
	

	  >7
	6942 (55.6%)
	5239 (69.9%)
	
	69.1%
	69.9%
	

	Median household income
	
	
	0.05
	
	
	0.02

	  <45 k
	423 (3.4%)
	197 (2.6%)
	
	2.9%
	2.6%
	

	  45–75 k
	4727 (37.9%)
	2915 (38.9%)
	
	38.5%
	38.9%
	

	  ≥75 k
	7327 (58.7%)
	4385 (58.5%)
	
	58.6%
	58.5%
	

	Radiation
	
	
	0.14
	
	
	0.02

	  No
	8607 (69.0%)
	5631 (75.1%)
	
	74.3%
	75.1%
	

	  Yes
	3870 (31.0%)
	1866 (24.9%)
	
	25.7%
	24.9%
	

	Chemotherapy
	
	
	0.03
	
	
	0.02

	  No
	6661 (53.4%)
	3902 (52.0%)
	
	53.0%
	52.0%
	

	  Yes
	5816 (46.6%)
	3595 (48.0%)
	
	47.0%
	48.0%
	

	ᵃ IPTW via a covariate-balancing propensity score (CBPS; Imai & Ratkovic, 2014; WeightIt, method = 'cbps', just-identified, ATT estimand). The propensity score is estimated by generalized method of moments so that weighted covariate means are equated across groups, directly targeting covariate balance. Surgery units receive weight 1; control (no-surgery) units are weighted by the odds of treatment. Extreme weights were trimmed at the 99.5th percentile. The weighted column shows CBPS-weighted %.

	ᵇ SMD, absolute standardised mean difference. Values <0.10 indicate adequate balance. Unlike exact-balancing methods, IPTW does not force the SMD to zero, so minor residual imbalance (SMD ≥0.10) may remain; all SMDs are displayed in the Love plot (Supplementary Figure2).

	ᶜ Grade ‘Unknown’ is retained as an explicit factor level; cases with missing grade information are NOT excluded from the analytic cohort.

	ᵈ Tx (T-stage) and Nx (N-stage) denote cases in which staging information was unavailable in the SEER database; they are treated as a separate stratum rather than excluded.

	Original cohort: n (%). Data source: SEER 17 registries, 2005–2020. All variables are recorded at the time of initial diagnosis.

	Abbreviations: CN, cytoreductive nephrectomy; CI, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; NR, not reached; OS, overall survival; RCC, renal cell carcinoma; SHR, subdistribution hazard ratio; SMD, standardised mean difference.



