	Supplement Table 3. Univariate Cox Regression Analysis of Recurrence and Survival in HCC Patients Receiving Pre-LT ICIs

	Characteristics
	Total events
(n = 204)
	Recurrence-free survival after LT
	
	Overall survival after LT

	
	
	Recurrent events
(n = 41)
	HR (95%CI)
	P value
	
	Death events
(n = 23)
	HR (95%CI)
	P value

	Age
	
	
	
	
	
	

	≤60
	131 (64.2%)
	28 (68.3%)
	Ref
	
	
	14 (60.9%)
	Ref
	

	>60
	47 (23.0%)
	7 (17.1%)
	0.58(0.22-1.28)
	0.187
	
	6 (26.1%)
	1.12(0.38-2.87)
	0.826

	Gender
	
	
	
	
	
	

	Female
	20 (9.8%)
	7 (17.1%)
	Ref
	
	
	2 (8.7%)
	Ref
	

	Male
	158 (77.5%)
	28 (68.3%)
	0.57(0.26-1.49)
	0.233
	
	18 (78.3%)
	0.91(0.29-4.59)
	0.895

	Etiology
	
	
	
	
	
	

	HBV
	95 (46.6%)
	24 (58.5%)
	Ref
	
	
	9 (39.1%)
	Ref
	

	HCV
	19 (9.3%)
	3 (7.3%)
	0.57(0.15-1.55)
	0.295
	
	2 (8.7%)
	1.32(0.25-4.67)
	0.701

	ALD
	8 (3.9%)
	1 (2.4%)
	0.76(0.08-2.95)
	0.736
	
	1 (4.3%)
	2.19(0.23-9.64)
	0.418

	MASH/MASLD
	8 (3.9%)
	0 (0.0%)
	0.33(0.00-2.35)
	0.345
	
	1 (4.3%)
	2.16(0.23-9.41)
	0.427

	Othersa
	13 (6.4%)
	3 (7.3%)
	0.72(0.15-2.22)
	0.611
	
	1 (4.3%)
	1.14(0.12-4.94)
	0.884

	Milan criteria
	
	
	
	
	
	

	No
	134 (65.7%)
	32 (78.0%)
	Ref
	
	
	11 (47.8%)
	Ref
	

	Yes
	21 (10.3%)
	6 (14.6%)
	0.96(0.35-2.19)
	0.930
	
	3 (13.0%)
	1.79(0.46-5.42)
	0.367

	Tumor number
	
	
	
	
	
	

	Single
	26 (12.7%)
	8 (19.5%)
	Ref
	
	
	2 (8.7%)
	Ref
	

	Multiple
	93 (45.6%)
	23 (56.1%)
	0.92(0.42-2.24)
	0.835
	
	9 (39.1%)
	1.13(0.32-5.89)
	0.866

	Graft rejection
	
	
	
	
	
	

	No
	160 (78.4%)
	37 (90.2%)
	Ref
	
	
	12 (52.2%)
	Ref
	

	Yes
	44 (21.6%)
	4 (9.8%)
	0.76(0.24-1.84)
	0.575
	
	11 (47.8%)
	5.17(2.21-12.24)
	<0.001

	ICIs
	
	
	
	
	
	

	Atezolizumab
	21 (10.3%)
	3 (7.3%)
	Ref
	
	
	1 (4.3%)
	Ref
	

	Nivolumab
	41 (20.1%)
	5 (12.2%)
	0.74(0.20-3.18)
	0.661
	
	3 (13.0%)
	1.19(0.2-12.33)
	0.854

	Camrelizumab
	26 (12.7%)
	14 (34.1%)
	2.91(0.99-11.27)
	0.052
	
	0 (0.0%)
	0.24(0.00-4.47)
	0.339

	Pembrolizumab
	35 (17.2%)
	6 (14.6%)
	1.18(0.33-4.98)
	0.798
	
	5 (21.7%)
	2.26(0.45-22.03)
	0.343

	Sintilimab
	27 (13.2%)
	4 (9.8%)
	1.28(0.31-5.71)
	0.732
	
	2 (8.7%)
	1.36(0.18-14.88)
	0.763

	Othersb
	34 (16.7%)
	5 (12.2%)
	0.99(0.26-4.28)
	0.988
	
	9 (39.1%)
	4.01(0.92-37.44)
	0.066

	ICIs target
	
	
	
	
	
	

	anti-PD-1
	154 (75.5%)
	34 (82.9%)
	Ref
	
	
	19 (82.6%)
	Ref
	

	anti-PD-L1
	22 (10.8%)
	3 (7.3%)
	0.64(0.17-1.69)
	0.402
	
	1 (4.3%)
	0.52(0.06-2.05)
	0.402

	anti-PD-1/anti-PD-L1
	5 (2.5%)
	1 (2.4%)
	0.91(0.10-3.44)
	0.911
	
	0 (0.0%)
	0.66(0.01-4.82)
	0.757

	anti-PD-1/anti-CTLA-4
	4 (2.0%)
	0 (0.0%)
	0.25(0.00-1.77)
	0.213
	
	0 (0.0%)
	0.73(0.01-5.35)
	0.814

	ICIs cycles
	
	
	
	
	
	

	1 cycle
	24 (11.8%)
	7 (17.1%)
	Ref
	
	
	0 (0.0%)
	Ref
	

	>1 cycle & ≤10 cycles
	121 (59.3%)
	25 (61.0%)
	0.74(0.33-1.93)
	0.516
	
	12 (52.2%)
	4.82(0.63-NA)
	0.160

	>10 cycles
	37 (18.1%)
	7 (17.1%)
	0.79(0.27-2.34)
	0.657
	
	4 (17.4%)
	4.86(0.47-NA)
	0.210

	Washout period 
	
	
	
	
	
	

	≤30 days
	72 (35.3%)
	14 (34.1%)
	Ref
	
	
	9 (39.1%)
	Ref
	

	>30 days
	125 (61.3%)
	26 (63.4%)
	0.85(0.44-1.71)
	0.638
	
	11 (47.8%)
	0.66(0.27-1.68)
	0.369

	Half-life countsc
	
	
	
	
	
	

	≤1.5 counts
	55 (27.0%)
	9 (22.0%)
	Ref
	
	
	8 (34.8%)
	Ref
	

	>1.5 counts
	122 (59.8%)
	27 (65.9%)
	1.03(0.51-2.28)
	0.941
	
	9 (39.1%)
	0.46(0.18-1.19)
	0.107

	Treatment measures excluding ICIs, (Yes vs No)
	
	
	
	
	
	

	Surgery
	38 (18.6%)
	4 (9.8%)
	0.48(0.15-1.19)
	0.121
	
	4 (17.4%)
	0.87(0.27-2.30)
	0.793

	Radiotherapy
	19 (9.3%)
	7 (17.1%)
	2.51(1.03-5.38)
	0.043
	
	5 (21.7%)
	2.52(0.87-6.32)
	0.086

	Chemotherapy
	6 (2.9%)
	0 (0.0%)
	0.49(0.00-3.47)
	0.571
	
	1 (4.3%)
	2.46(0.27-9.70)
	0.348

	LRT
	145 (71.1%)
	32 (78.0%)
	1.35(0.66-3.09)
	0.430
	
	17 (73.9%)
	0.89(0.36-2.60)
	0.818

	TACE
	116 (56.9%)
	32 (78.0%)
	2.97(1.40-7.16)
	0.004
	
	15 (65.2%)
	1.00(0.42-2.58)
	1.000

	Local albation
	32 (15.7%)
	7 (17.1%)
	0.73(0.29-1.59)
	0.447
	
	2 (8.7%)
	0.58(0.12-1.83)
	0.388

	TKIs
	144 (70.6%)
	35 (85.4%)
	1.30(0.60-3.32)
	0.535
	
	19 (82.6%)
	1.50(0.47-7.52)
	0.530

	Sorafenib
	20 (9.8%)
	2 (4.9%)
	0.64(0.13-1.91)
	0.467
	
	4 (17.4%)
	2.47(0.76-6.54)
	0.122

	Lenvatinib
	121 (59.3%)
	31 (75.6%)
	1.48(0.75-3.14)
	0.268
	
	18 (78.3%)
	2.13(0.75-8.11)
	0.167

	Bevacizumab
	24 (11.8%)
	5 (12.2%)
	0.75(0.27-1.72)
	0.528
	
	0 (0.0%)
	0.16(0.00-1.16)
	0.078

	Immunosuppressive induction agents, (Yes vs No)
	
	
	
	
	
	

	Basiliximab
	95 (46.6%)
	24 (58.5%)
	2.17(1.09-4.50)
	0.028
	
	13 (56.5%)
	1.49(0.58-4.17)
	0.407

	Immunosuppressive agents, (Yes vs No)
	
	
	
	
	
	

	MMF
	169 (82.8%)
	34 (82.9%)
	1.69(0.45-15.11)
	0.494
	
	19 (82.6%)
	0.45(0.14-2.26)
	0.286

	mTOR inhibitors
	82 (40.2%)
	17 (41.5%)
	0.91(0.45-1.79)
	0.790
	
	13 (56.5%)
	1.63(0.66-4.31)
	0.293

	CNIs
	179 (87.7%)
	36 (87.8%)
	NA
	NA
	
	21 (91.3%)
	NA
	NA

	Corticosteroids
	141 (69.1%)
	23 (56.1%)
	0.53(0.27-1.08)
	0.078
	
	21 (91.3%)
	12.17(1.67-1549.2)
	0.007

	LT, liver transplantation; HR, hazard ratio, HBV, hepatitis B virus; HCV, hepatitis C virus; ALD, Alcoholic liver disease; MASH/MASLD,metabolic dysfunction associated steatohepatitis/metabolic dysfunction-associate steatotic liver disease; ICIs, immune checkpoint inhibitors; PD-1, programmed cell death-1; PD-L1, programmed cell death-Ligand 1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4; LRT, locoregional therapy; TACE, transcatheter arterial chemoembolization; TKIs, tyrosine kinase inhibitors; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; CNIs, calcineurin inhibitors.
a  Others includes genetic causes, primary sclerosing cholangitis, multiple etiologies, and no identifiable etiology.
b  Others includes Tislelizumab, Toripalimab, Penpilimab, Envafolimab, and combinations of multiple types of ICIs.
c  Half-life counts were calculated as the washout period (days) divided by the half-life of the corresponding ICIs drug.




