Supplementary Table 1. Regression coefficients, standard errors, odds ratios, and 95% confidence intervals of the propensity score model for treatment assignment.

	Variable
	Estimate
	Std. Error
	OR (95% CI)
	P value

	Intercept
	-3.44 
	0.92 
	0.03 (0.01–0.20)
	< 0.001

	Age group
	-0.21 
	0.44 
	0.82 (0.35–1.93)
	0.640 

	Sex
	0.55 
	0.43 
	1.73 (0.74–4.03)
	0.203 

	ECOG PS
	-0.33 
	0.59 
	0.72 (0.23–2.28)
	0.579 

	Stage at treatment
	0.39 
	0.59 
	1.48 (0.47–4.68)
	0.502 

	Primary site
	
	
	
	

	  Reference: 0=Cutaneous 
	
	
	
	

	  1=Acral 
	0.41 
	0.71 
	1.50 (0.37–6.02)
	0.568 

	  2=Mucosal 
	2.05 
	0.70 
	7.80 (1.97–30.90)
	0.004 

	  3=Unknown
	2.83 
	1.62 
	16.88 (0.71–401.06)
	0.080 

	LDH level
	-0.05 
	0.49 
	0.95 (0.37–2.46)
	0.913 

	Gene mutation status
	
	
	
	

	  Reference: 0=Wild-type 
	
	
	
	

	  1=Mutated 
	-0.51 
	0.45 
	0.60 (0.25–1.46)
	0.260 

	  2=Unknown 
	1.04 
	0.83 
	2.82 (0.55–14.42)
	0.213 

	PD-L1 expression
	
	
	
	

	  Reference: 0=<1%
	
	
	
	

	  1=≥1%
	0.56 
	0.52 
	1.75 (0.63–4.85)
	0.279 

	  2=Unknown
	0.73 
	0.56 
	2.07 (0.69–6.22)
	0.196 



Note: Multi-categorical variables were treated as factors, with the first category serving as the reference group, as indicated.
Abbreviations: LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; PS, performance status; OR, odds ratio; CI, confidence interval.

Supplementary Table 2. Metastatic Site Distribution at Baseline.

	
	anti-PD-1 + IFN-α1b
(n = 179)
	anti-PD-1 + IFN-α1b + anlotinib (n = 32)
	P value

	Regional lymph nodes, n (%)
	47 (26.3%)
	5 (15.6%)
	0.267

	Distant lymph nodes, n (%)
	56 (31.3%)
	12 (37.5%)
	0.540

	Lung, n (%)
	37 (20.7%)
	6 (18.8%)
	1.000

	Liver, n (%)
	5 (2.8%)
	0 (0.0%)
	1.000

	Brain, n (%)
	1 (0.6%)
	1 (3.1%)
	0.281

	Bone, n (%)
	4 (2.2%)
	1 (3.1%)
	0.564

	Other sites, n (%)
	22 (12.3%)
	5 (15.6%)
	0.572

	Multiple sites, n (%) a
	7 (3.9%)
	2 (6.3%)
	0.629



a Patients with metastases involving more than one anatomical site were classified as having multiple-site metastases.

Supplementary Table 3. Sensitivity analyses for OS and PFS comparing triplet therapy versus doublet therapy.
	Analysis type
	Endpoint
	HR (95% CI)
	P value

	Primary analysis 
	OS
	0.42 (0.24-0.72)
	0.002

	
	PFS
	0.52 (0.34-0.80)
	0.003

	Sensitivity analysis 1
(MI)
	OS
	0.46 (0.26-0.79)
	0.005

	
	PFS
	0.53 (0.34-0.81)
	0.004

	Sensitivity analysis 2
 (IPTW)
	OS
	0.48 (0.37-0.63)
	< 0.001

	
	PFS
	0.48 (0.38-0.60)
	< 0.001

	Sensitivity analysis 3 
(6-month landmark)
	OS
	0.46 (0.26-0.84)
	0.012

	
	PFS
	0.48 (0.25-0.94)
	0.033

	Sensitivity analysis 4
(Re-inclusion of 7 LTFU patients with censoring)
	OS
	0.44 (0.26-0.75)
	0.003

	
	PFS
	0.57 (0.37-0.87)
	0.008

	Sensitivity analysis 5
(Evaluable cohort of 227 patients comprising 211 original, 7 LTFU, and 9 discontinued treatment within 8 weeks)
	OS
	0.49 (0.29-0.83)
	0.008

	
	PFS
	0.60 (0.40-0.90)
	0.015

	Sensitivity analysis 6
(doubly robust Cox regression)
	OS
	0.33 (0.22-0.68) 
	0.001

	
	PFS
	0.48 (0.33-0.82 )
	 0.002



Abbreviations: OS, overall survival; PFS, progression-free survival; MI, multiple imputation; IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; LTFU, lost to follow-up.

Supplementary Fig 1. Propensity score distribution and overlap weighting diagnostics.
[image: Supplementary Figure 1]
A Propensity score overlap distribution of two treatment groups. B Distribution of overlap weights. C Violin-box plot of overlap weights for each group. D Correlation between propensity score and overlap weight; no extreme weights were observed in this analysis.

Supplementary Fig 2. Love plot of covariate balance before and after overlap weighting.
[image: Supplementary Figure 2]
Standardized mean differences (SMDs) for each baseline covariate are plotted on the x-axis. Multi-categorical variables are expanded into dummy variables (as indicated by the suffix labels on the y-axis). Red points represent unadjusted differences between the two treatment groups, while teal points indicate differences after overlap weighting. The vertical dashed lines denote the SMD threshold of 0.1. After weighting, the SMDs for most covariates clustered tightly around the zero line, demonstrating that the overlap weighting substantially improved covariate balance.

Supplementary Fig 3. Forest plots of univariable and multivariable Cox regression analyses for overall survival in patients receiving doublet therapy.
[image: Supplementary Figure 3]
A Univariable Cox regression analysis for OS in the doublet group. B Multivariable Cox regression analysis for OS in the doublet group.
Abbreviations: OS, overall survival; LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval.

Supplementary Fig 4. Forest plots of univariable and multivariable Cox regression analyses for progression-free survival in patients receiving doublet therapy.
[image: Supplementary Figure 4]
A Univariable Cox regression analysis for PFS in the doublet group. B Multivariable Cox regression analysis for PFS in the doublet group.
Abbreviations: PFS, progression-free survival; LDH, lactate dehydrogenase; ULN, upper limit of normal (250 U/L); ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval.

Supplementary Fig 5. Forest plot of univariable Cox regression analysis for overall survival in patients receiving triplet therapy.
[image: Supplementary Figure 5]
Abbreviations: OS, overall survival; LDH, lactate dehydrogenase; ULN, upper limit of normal (250 U/L); ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval.

Supplementary Fig 6. Forest plot of univariable Cox regression analysis for progression-free survival in patients receiving triplet therapy.
[image: Supplementary Figure 6]
Abbreviations: PFS, progression-free survival; LDH, lactate dehydrogenase; ULN, upper limit of normal (250 U/L); ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval.

Supplementary Fig 7. Subgroup analysis forest plot for overall survival comparing triplet versus doublet therapy after propensity score overlap weighting.
[image: Supplementary Figure 7]
Abbreviations: mOS, median overall survival; LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval; FDR, false discovery rate (Benjamini-Hochberg adjusted P value).

Supplementary Fig 8. Subgroup analysis forest plot for progression-free survival comparing triplet versus doublet therapy after propensity score overlap weighting.
[image: Supplementary Figure 8]
Abbreviations: mPFS, median progression-free survival; LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; PS, performance status; HR, hazard ratio; CI, confidence interval; FDR, false discovery rate (Benjamini-Hochberg adjusted P value).

Supplementary Fig 9. Overlap-weighted Kaplan-Meier curves for overall survival and progression-free survival comparing triplet versus doublet therapy across prespecified clinical subgroups.
[image: Supplementary Figure 9]
(A-G) Overlap-weighted OS curves for individual subgroups; (H-N) Corresponding overlap-weighted PFS curves for each prespecified subgroup.

Abbreviation: FDR, false discovery rate (Benjamini-Hochberg adjusted P value).
1

Supplementary Fig 10. Convergence trace plots for the multiple imputation procedure.
[image: Supplementary Figure 10]
The plots display the mean (left column) and standard deviation (SD, right column) trajectories for imputed variables across 5 independent imputation chains (represented by different colors) over 30 iterations. The adequate mixing and stable fluctuations of the chains without a clear monotonic drift indicate convergence, which is further supported by the multivariate Gelman-Rubin potential scale reduction factor (PSRF) of 1.02 and all univariate upper confidence limits < 1.2.

Supplementary Fig 11. Forest plots of univariable and multivariable Cox regression analyses exploring associations between adverse events and overall survival in patients receiving doublet therapy. 
[image: Supplementary Figure 11]
A Univariable Cox regression analysis for adverse events and OS in the doublet group. B Multivariable Cox regression analysis for adverse events and OS in the doublet group.
Abbreviations: AEs, adverse events; OS, overall survival; HR, hazard ratio; CI, confidence interval.
a A disorder characterized by loss of skin pigment, recorded in CTCAE 5.0 as Skin hypopigmentation.

Supplementary Fig 12. Forest plots of univariable and multivariable Cox regression analyses for associations between adverse events and progression-free survival in patients receiving doublet therapy.
[image: Supplementary Figure 12]
A Univariable Cox regression analysis of adverse events and PFS in the doublet group. B Multivariable Cox regression analysis of adverse events and PFS in the doublet group.
Abbreviations: AEs, adverse events; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval.
a A disorder characterized by loss of skin pigment, recorded in CTCAE 5.0 as Skin hypopigmentation.

Supplementary Fig 13. Forest plots of univariable and multivariable Cox regression analyses exploring associations between adverse events and overall survival in patients receiving triplet therapy.
[image: Supplementary Figure 13]
A Univariable Cox regression analysis for adverse events and OS in the triplet group. B Multivariable Cox regression analysis for adverse events and OS in the triplet group.
Abbreviations: AEs, adverse events; OS, overall survival; HR, hazard ratio; CI, confidence interval.
a A disorder characterized by loss of skin pigment, recorded in CTCAE 5.0 as Skin hypopigmentation.

Supplementary Fig 14. Forest plots of univariable and multivariable Cox regression analyses for associations between adverse events and progression-free survival in patients receiving triplet therapy. 
[image: Supplementary Figure 14]
A Univariable Cox regression analysis of adverse events and PFS in the triplet group. B Multivariable Cox regression analysis of adverse events and PFS in the triplet group.
Abbreviations: AEs, adverse events; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval.
[bookmark: _GoBack]a A disorder characterized by loss of skin pigment, recorded in CTCAE 5.0 as Skin hypopigmentation.
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PFS - Subgroup Analysis (Triplet vs Doublet)
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Univariable Cox Regression Analysis of AEs and OS (Doublet)
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Univariable Cox Regression Analysis of AEs and PFS (Doublet)
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Univariable Cox Regression Analysis of AEs and OS (Triplet)
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Univariable Cox Regression Analysis of AEs and PFS (Triplet)
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Multivariate Cox Regression Analysis of AEs and PFS (Triplet)

Variable No. (%) of Patients HR (95% CI) P-Value 1

Anorexia 13 (40.6) 1,881 (0.645-5.489) 0248 ————

Vitiligo* 12(37.5) 0.290 (0.108-0.784) 0.015 — it

Hypertriglyceridemia 9(28.1) 1.592 (0.489-5.187) 0.440 |
—_—

Hazard Ratio (95% CI)
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OS-Univariable Cox Regression Analysis (Doublet)
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OS-Multivariable Cox Regression Analysis (Doublet)
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PFS-Univariable Cox Regression Analysis (Doublet)
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