Table 5. Fully adjusted Cox model (OS & CSS) with reference categories
	Fully adjusted model (Adjust II)ᵃ

	Variable
	HR (95% CI)ᵇ, OS
	P-valueᶜ
	HR (95% CI)ᵇ, CSS
	P-value ᶜ, CSS

	Treatment
	
	
	
	

	  No surgery
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Surgery
	0.41 (0.38–0.44)
	<0.001
	0.41 (0.38–0.45)
	<0.001

	Age
	
	
	
	

	  <50
	1.00 (Reference)
	
	1.00 (Reference)
	

	  50–64
	1.00 (0.91–1.11)
	0.987
	1.00 (0.90–1.12)
	0.950

	  65–74
	1.12 (1.00–1.26)
	0.055
	1.10 (0.96–1.25)
	0.160

	  ≥75
	1.47 (1.31–1.64)
	<0.001
	1.42 (1.25–1.62)
	<0.001

	Sex
	
	
	
	

	  Male
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Female
	0.95 (0.88–1.03)
	0.233
	0.96 (0.88–1.05)
	0.340

	Year of diagnosis
	
	
	
	

	  2005–2010
	1.00 (Reference)
	
	1.00 (Reference)
	

	  2011–2015
	0.85 (0.79–0.93)
	<0.001
	0.84 (0.77–0.91)
	<0.001

	  2016–2020
	0.58 (0.53–0.64)
	<0.001
	0.54 (0.49–0.60)
	<0.001

	Race
	
	
	
	

	  White
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Black
	1.07 (0.94–1.22)
	0.311
	1.06 (0.92–1.22)
	0.401

	  Other
	0.87 (0.72–1.04)
	0.129
	0.90 (0.75–1.08)
	0.247

	Grade
	
	
	
	

	  I
	1.00 (Reference)
	
	1.00 (Reference)
	

	  II
	1.02 (0.86–1.20)
	0.839
	1.02 (0.86–1.23)
	0.791

	  III
	1.27 (1.07–1.49)
	0.005
	1.30 (1.09–1.55)
	0.003

	  IV
	1.53 (1.28–1.84)
	<0.001
	1.60 (1.32–1.94)
	<0.001

	  Unknown
	1.16 (0.99–1.35)
	0.070
	1.19 (1.01–1.41)
	0.040

	Laterality
	
	
	
	

	  Left
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Right
	0.99 (0.93–1.06)
	0.827
	0.99 (0.92–1.06)
	0.772

	Histologic type
	
	
	
	

	  Clear cell
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Papillary
	1.43 (1.25–1.64)
	<0.001
	1.48 (1.29–1.70)
	<0.001

	  Chromophobe
	0.89 (0.73–1.08)
	0.238
	0.89 (0.72–1.09)
	0.250

	  Sarcomatoid
	1.93 (1.62–2.30)
	<0.001
	1.98 (1.65–2.37)
	<0.001

	  NOS
	1.63 (1.34–1.98)
	<0.001
	1.65 (1.35–2.03)
	<0.001

	  Other
	1.32 (1.21–1.44)
	<0.001
	1.32 (1.21–1.45)
	<0.001

	T stage
	
	
	
	

	  T1
	1.00 (Reference)
	
	1.00 (Reference)
	

	  T2
	1.02 (0.89–1.17)
	0.741
	1.07 (0.92–1.25)
	0.395

	  T3
	1.15 (1.03–1.29)
	0.011
	1.21 (1.06–1.38)
	0.004

	  T4
	1.29 (1.10–1.51)
	0.002
	1.36 (1.15–1.62)
	<0.001

	  Tx
	1.06 (0.86–1.32)
	0.583
	1.14 (0.91–1.43)
	0.244

	N stage
	
	
	
	

	  N0
	1.00 (Reference)
	
	1.00 (Reference)
	

	  N1
	1.48 (1.35–1.62)
	<0.001
	1.53 (1.39–1.67)
	<0.001

	  Nx
	1.44 (1.30–1.60)
	<0.001
	1.45 (1.29–1.62)
	<0.001

	Radiation
	
	
	
	

	  No
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Yes
	1.35 (1.25–1.45)
	<0.001
	1.39 (1.29–1.50)
	<0.001

	Chemotherapy
	
	
	
	

	  No
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Yes
	0.85 (0.79–0.91)
	<0.001
	0.89 (0.83–0.96)
	0.004

	Tumour size
	
	
	
	

	  ≤4
	1.00 (Reference)
	
	1.00 (Reference)
	

	  4–7
	1.13 (0.98–1.29)
	0.088
	1.16 (0.98–1.38)
	0.080

	  >7
	1.18 (1.01–1.38)
	0.040
	1.24 (1.02–1.50)
	0.033

	Sequence number
	
	
	
	

	  First/only
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Second+
	1.52 (1.28–1.80)
	<0.001
	1.67 (1.36–2.05)
	<0.001

	Number of tumours
	
	
	
	

	  1
	1.00 (Reference)
	
	1.00 (Reference)
	

	  2
	0.63 (0.54–0.74)
	<0.001
	0.54 (0.45–0.64)
	<0.001

	  3+
	0.54 (0.44–0.67)
	<0.001
	0.39 (0.30–0.51)
	<0.001

	Median household income
	
	
	
	

	  <45 k
	1.00 (Reference)
	
	1.00 (Reference)
	

	  45–75 k
	0.91 (0.77–1.07)
	0.257
	0.93 (0.75–1.14)
	0.469

	  ≥75 k
	0.81 (0.68–0.96)
	0.013
	0.83 (0.68–1.03)
	0.091

	Marital status
	
	
	
	

	  Married
	1.00 (Reference)
	
	1.00 (Reference)
	

	  Widowed
	1.26 (1.12–1.43)
	<0.001
	1.24 (1.07–1.42)
	0.003

	  Single
	1.08 (0.97–1.21)
	0.157
	1.08 (0.97–1.21)
	0.150

	  Divorced
	1.08 (0.97–1.19)
	0.167
	1.08 (0.96–1.22)
	0.206

	  Other
	1.20 (1.04–1.37)
	0.012
	1.20 (1.04–1.39)
	0.015

	ᵃ Fully adjusted model = Adjust II in Table 2. CBPS-weighted (ATT estimand) Cox proportional hazards model with robust standard errors, adjusted for all 16 covariates listed in Table 1.

	ᵇ HR < 1 favours surgery (lower mortality risk). 95% CI computed on the log-HR scale (profile likelihood). Rows labelled ‘1.00 (Reference)’ are the baseline levels of each categorical covariate.

	ᶜ P values are from two-sided Wald tests. No adjustment for multiple comparisons is applied; covariates other than surgery _f are included as confounders, not as primary tests of association.

	Grade ‘Unknown’ and stage ‘Tx’/‘Nx’ are retained as explicit levels (see Table 1 footnote ᶜᵈ).

	Abbreviations: 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.



