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Supplementary Methods
[bookmark: _Hlk204077370]Study population
[bookmark: OLE_LINK7][bookmark: _Hlk199169457][bookmark: _Hlk199171634][bookmark: _Hlk199169368][bookmark: OLE_LINK4][bookmark: _Hlk167352185]This study included adult (≥18 years) patients with HCC and HBV and/or HCV infection between January 2007 and December 2023 from 16 centers from Japan, Mainland China, Singapore, South Korea, Spain, Taiwan, and the United States of America (USA) within the Real-World Evidence from the Global Alliance for the Study of HCC consortium (REAL-HCC). HCC was diagnosed by imaging or histology according to international guidelines1-3. For HBV-HCC, patients without data on nucleos(t)ide analogs (NAs) treatment status were excluded. For HCV-HCC, patients were excluded if they (1) were diagnosed with HCC before 2015; (2) had undetectable HCV RNA or had completed DAA treatment prior to HCC diagnosis; or (3) lacked data on direct acting antivirals (DAAs) treatment status. The demographic and clinical data were collected from review of individual patient medical records using a standardized case report form and uniﬁed data variable deﬁnitions. The study data were deidentified then transmitted to and analyzed at the REAL-HCC Data Coordinating Center at Stanford University Medical Center, Palo Alto, California, USA. The study was approved by the Institutional Review Board at Stanford University (Palo Alto, CA, USA) and at each participating study center.

Study variables
[bookmark: _Hlk199228477][bookmark: _Hlk204073842][bookmark: _Hlk199184127][bookmark: _Hlk204073884]Data on sex, age, race and ethnicity, geographic region, alcohol or tobacco use, diabetes, laboratory parameters, cirrhosis status, tumor stage, and HCC treatment were included to describe the characteristics of the study population. Laboratory parameters included alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, creatinine, international normalized ratio (INR) and platelet. Cirrhosis was confirmed by imaging findings (e.g. nodular liver surface, esophageal varices, or splenomegaly), histological evidence, or a history of any liver decompensation event such as ascites, hepatic encephalopathy, or variceal gastrointestinal bleeding. The Child-Turcotte-Pugh score, cirrhosis Child class, and Albumin-Bilirubin (ALBI) score4 were used to assess liver function. HCC staging was performed according to the Barcelona Clinic Liver Cancer (BCLC) criteria5.

[bookmark: _Hlk204077399]Study outcome and definition
[bookmark: _Hlk199168916][bookmark: OLE_LINK8]The primary study outcomes were: (1) the proportion of HBV-HCC patients who received NA treatment and (2) the proportion of HCV-HCC patients who received DAA treatment. NA treatment was defined as the use of NA at any time, regardless of whether it was initiated before or after the diagnosis of HCC or the duration of the treatment. DAA treatment was defined as the initiation of DAA within 3 months prior to the diagnosis of HCC to any time thereafter. We further characterized the treated group by the timing of antiviral treatment initiation relative to the diagnosis date of HCC. For HBV-HCC, the timing of NA treatment was classified as before, at, or after HCC diagnosis based on whether NA therapy was initiated prior to HCC diagnosis, at HCC diagnosis or within 6 months following HCC diagnosis, or more than 6 months after HCC diagnosis; cases with confirmed NA treatment but missing initiation dates were classified as “unknown” treatment time. For HCV-HCC, the timing of DAA treatment was classified as at HCC diagnosis (within 3 months prior to and within 6 months after HCC diagnosis), between 6 to 12 months after HCC diagnosis, or more than 12 months after HCC diagnosis.

Statistical analysis
[bookmark: _Hlk204087982][bookmark: _Hlk199170959][bookmark: _Hlk204088131][bookmark: _Hlk201234985]Continuous variables were reported as means and standard deviations (SD) or medians and interquartile ranges (IQR), while categorical data were reported as numbers and percentages. Baseline variables were compared between the antiviral treated and untreated groups using the t test or Wilcoxon rank-sum test for continuous variables, and chi-squared test for categorical variables. We calculated the overall antiviral treatment rates and corresponding 95% confidence intervals (CIs) for the total HBV-HCC or HCV-HCC cohorts, as well as by the timing of antiviral treatment initiations and by various demographic (age, sex), geographic (Asia vs. non-Asia region) and clinical characteristics (e.g., liver disease severity and tumor staging). Kaplan-Meier methods were used to estimate overall survival rates of antiviral treated and untreated patients, and the log-rank tests were used to compared the survival rates between the two groups. Univariable and multivariable logistic regressions were performed to estimate unadjusted and adjusted odds ratio (aOR) with 95% CIs for potentially relevant factors associated with the receipt of antiviral treatment. Cox proportional hazards regressions were used to estimate unadjusted and adjusted hazard ratio (aHR) for factors associated with overall survival. Factors with a known association with the outcomes based on prior knowledge as well as those with P<0.10 in univariable analyses were included in the multivariable analyses. As sensitivity analyses, we performed additional multivariable regression models exchanging ALBI grade for Child class as alternative assessment of liver function or removing both ALBI grade and Child class to address potential collinearity between liver function and BCLC stage. Statistical significance was defined as a 2-tailed P<0.05. All analyses were conducted using R version 4.3.3 (R Foundation for Statistical Computing, Vienna, Austria).

Supplementary Results
Study population and characteristics
[bookmark: _Hlk200793762]Among HBV-HCC patients, compared to antiviral treated patients, untreated patients were significantly older, more likely to be female or from Asia (vs. non-Asia) region, and more likely to have no cirrhosis. On the other hand, among HCV-HCC patients, there was no significant difference in the age distribution between antiviral treated and untreated patients, and untreated patients were significantly more likely to be male, from non-Asia (vs. Asia) region, and more likely to have cirrhosis. However, both HBV-HCC and HCV-HCC untreated patients were significantly more likely to have higher Child class among those who had cirrhosis, more likely to have BCLC tumor stage C or D, and more likely to receive no treatment for HCC.

[bookmark: _Hlk204072025]Survival rates and factors associated with survival
[bookmark: _Hlk204072162]The overall mortality rates per 100 person-years were consistently lower in antiviral treated patients as compared to untreated patients overall (for HBV-HCC: 10.5 vs. 17.5 and for HCV-HCC: 7.7 vs. 30.5, both P<0.001), as well as in almost all demographic and clinical subgroup analyses (eTables 7-8). For HBV-HCC, there was no significant difference in overall mortality rates between antiviral treated and untreated patients with more preserved liver function (Child A cirrhosis, compensated cirrhosis) or early tumor stage BCLC 0/A patients while about 2-3 times lower mortality rates were observed in antiviral treated (vs. untreated) patients with Child C cirrhosis (23.6 vs. 71.7, P<0.001), decompensated cirrhosis (15.3 vs. 24.1, P<0.001), or BCLC B-D (13.8 vs. 18.6 for stage B, 27.8 vs. 44.1 for stage C and 31.5 vs. 76.5 for stage D, all P<0.05). For HCV-HCC, though overall mortality rates were significantly lower in antiviral treated patients for all subgroups, the survival advantage was most pronounced in more advanced patients with about 4-6 times reduced mortality rates in antiviral treated (vs. untreated) patients with higher Child class cirrhosis (10.5 vs. 51.9 for Child B cirrhosis and 15.7 vs. 55.6 for Child C cirrhosis, both P<0.001) or more advanced tumor stage BCLC C and D (9.8 vs. 63.9 for stage C and 19.6 vs. 62.8 for stage D, both P<0.05) as compared about 3 times reduced rates for Child A cirrhosis (7.6 vs. 20.2, P<0.001) or BCLC 0/A (6.8 vs. 21.4, P<0.001).
Supplementary Table 1. Baseline characteristics of HCC patients with HBV/HCV coinfection, overall and by antiviral treatment status.
	Characteristics
	Overall
(N=140)
	NA Treated group
(N=48)
	Untreated group (N=92)
	P   
value

	Age, years
	63.4±10.4
	61.3±9.8
	64.4±10.7
	0.09

	Sex, male, n (%)
	100 (71.5)
	37 (77.1)
	63 (68.5)
	0.38

	Race and ethnicity
	0.65

	  White, n (%)
	16 (11.4)
	7 (14.6)
	9 (9.8)
	

	  Black, n (%)
	2 (1.4)
	1 (2.1)
	1 (1.1)
	

	  Asian, n (%)
	119 (85.0)
	40 (83.3)
	79 (85.9)
	

	  Hispanic, n (%)
	1 (0.7)
	0 (0)
	1 (1.1)
	

	  Other, n (%)
	2 (1.4)
	0 (0)
	2 (2.2)
	

	Geographic region
	<0.001

	  Non-Asia, n (%)
	44 (31.4)
	27 (56.2)
	17 (18.5)
	

	  Asia, n (%)
	96 (68.6)
	21 (43.8)
	75 (81.5)
	

	Alcohol use, n (%)
	46 (32.9)
	17 (35.4)
	29 (31.5)
	0.78

	Tobacco use, n (%)
	46 (32.9)
	14 (29.2)
	32 (34.8)
	0.63

	Diabetes, n (%)
	42 (30.0)
	12 (25.0)
	30 (32.6)
	0.46

	Liver disease severity
	0.001

	  Noncirrhosis, n (%)
	32 (22.9)
	8 (16.7)
	24 (26.1)
	

	  CC, n (%)
	33 (23.6)
	20 (41.7)
	13 (14.1)
	

	  DCC, n (%)
	75 (53.6)
	20 (41.7)
	55 (59.8)
	

	CTP scorea
	7.59±1.67
	6.95±1.52
	7.97±1.66
	0.002

	Child classa
	0.01

	   A, n (%)
	26 (24.1)
	16 (40.0)
	10 (14.7)
	

	   B, n (%)
	52 (48.1)
	16 (40.0)
	36 (52.9)
	

	   C, n (%)
	30 (27.8)
	8 (20.0)
	22 (32.4)
	

	ALBI score
	-2.14±0.65
	-2.24±0.64
	-2.09±0.65
	0.19

	ALBI grade
	0.03

	  ≤-2.6, n (%)
	33 (24.8)
	17 (37.0)
	16 (18.4)
	

	  -2.6 to -1.39, n (%)
	83 (62.4)
	22 (47.8)
	61 (70.1)
	

	  >-1.39, n (%)
	17 (12.8)
	7 (15.2)
	10 (11.5)
	

	ALT, U/L
	45.0 (29.0, 78.0)
	47.0 (33.0, 78.0)
	42.5 (28.0, 74.0)
	0.56

	AST, U/L
	54.5 (36.0, 84.0)
	49.5 (31.0, 70.0)
	56.0 (39.0, 98.0)
	0.05

	Total bilirubin, mg/dL
	1.01 (0.65, 1.67)
	0.88 (0.50, 1.48)
	1.03 (0.71, 1.78)
	0.06

	Albumin, g/dL
	3.52±0.63
	3.59±0.62
	3.48±0.63
	0.20

	INR
	1.12±0.15
	1.14±0.18
	1.12±0.13
	0.44

	Creatinine, mg/dL
	0.94 (0.76, 1.20)
	0.92 (0.78, 1.14)
	0.95 (0.75, 1.28)
	0.56

	Platelet, ×109/L
	156.26±86.02
	146.88±83.77
	161.16±87.22
	0.35

	BCLC stage
	0.08

	  0/A, n (%)
	69 (50.0)
	28 (60.9)
	41 (44.6)
	

	  B, n (%)
	23 (16.7)
	9 (19.6)
	14 (15.2)
	

	C, n (%)
	29 (21.0)
	7 (15.2)
	22 (23.9)
	

	D, n (%)
	17 (12.3)
	2 (4.3)
	15 (16.3)
	

	Primary HCC therapy
	0.01

	  No treatment, n (%)
	23 (16.4)
	4 (8.3)
	19 (20.7)
	

	  Liver transplantation, n (%)
	15 (10.7)
	11 (22.9)
	4 (4.3)
	

	  Resection, n (%)
	28 (20.0)
	8 (16.7)
	20 (21.7)
	

	  Ablation, n (%)
	13 (9.3)
	3 (6.2)
	10 (10.9)
	

	  TACE/Y90, n (%)
	56 (40.0)
	21 (43.8)
	35 (38.0)
	

	  Other/Unknownb, n (%)
	5 (3.6)
	1 (2.1)
	4 (4.3)
	


aAmong patients with cirrhosis; bExternal radiotherapy, other chemotherapy or unknown HCC therapy.
Abbreviations: HCC, Hepatocellular carcinoma; HBV, Hepatitis B virus; HCV, Hepatitis C virus; NA, Nucleos(c)ide analog; CC, Compensated cirrhosis; DCC, Decompensated cirrhosis; CTP, Child-Turcotte-Pugh; CTP, Child-Turcotte-Pugh; ALBI, Albumin-Bilirubin; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; INR, International normalized ratio, BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
Supplementary Table 2. Antiviral treatment rates in overall and subgroups of patients with HBV-related HCC, by timing of antiviral treatment initiation.
	[bookmark: OLE_LINK5]Population
	Patient 
No.
	NA treated patients, n
	[bookmark: OLE_LINK9]NA treatment rate (95%CI), %
	P 
value**

	[bookmark: _Hlk193587144]
	
	
	At any time*
	Before HCC diagnosis
	At HCC diagnosis
	After HCC diagnosis
	

	Overall
	3,186
	1,582
	49.7 (47.9-51.4)
	22.0 (20.6-23.5)
	18.5 (17.22-19.95)
	6.8 (5.9-7.7)
	-

	Sex
	<0.001

	Female
	678
	283
	41.7 (38.0-45.6)
	18.9 (16.0-22.1)
	15.8 (13.2-18.8)
	4.4 (3.1-6.3)
	

	Male
	2,508
	1,299
	51.8 (49.8-53.8)
	22.9 (21.3-24.6)
	19.3 (17.8-20.9)
	7.4 (6.4-8.5)
	

	Age, years
	<0.001

	≤60
	1,507
	821
	54.5 (51.9-57.0)
	22.8 (20.8-25.1)
	21.4 (19.4-23.6)
	7.6 (6.3-9.1)
	

	>60
	1,679
	761
	45.3 (42.9-47.7)
	21.3 (19.4-23.4)
	16.0 (14.3-17.8)
	6.1 (5.0-7.4)
	

	Race and ethnicity
	<0.001

	White
	141
	120
	85.1 (77.9-90.3)
	33.3 (25.8-41.8)
	31.2 (23.8-39.6)
	8.5 (4.7-14.7)
	

	Black
	81
	73
	90.1 (81.0-95.3)
	33.3 (23.5-44.8)
	40.7 (30.1-52.2)
	8.6 (3.8-17.5)
	

	Asian
	2,872
	1,312
	45.7 (43.9-47.5)
	20.9 (19.5-22.5)
	16.9 (15.6-18.4)
	6.2 (5.3-7.1)
	

	Hispanic
	41
	32
	78.1 (62.0-88.9)
	26.8 (14.8-43.2)
	24.4 (12.9-40.6)
	22.0 (11.1-38.0)
	

	Other
	51
	45
	88.2 (75.4-95.1)
	31.4 (19.5-46.0)
	35.3 (22.8-50.0)
	21.6 (11.2-35.7)
	

	Geographic region
	<0.001

	  Non-Asia
	795
	676
	85.0 (82.3-87.4)
	35.0 (31.7-38.4)
	34.1 (30.8-37.5)
	11.3 (9.2-13.8)
	

	  Asia
	2,391
	906
	37.9 (36.0-39.9)
	17.7 (16.2-19.3)
	13.4 (12.1-14.8)
	5.3 (4.4-6.3)
	

	Country/region
	<0.001

	  U.S.
	745
	637
	85.5 (82.7-87.9)
	34.9 (31.5-38.5)
	35.7 (32.3-39.3)
	11.7 (9.5-14.3)
	

	  Taiwan
	1,861
	590
	31.7 (29.6-33.9)
	13.4 (11.9-15.1)
	11.6 (10.2-13.1)
	5.8 (4.8-7.0)
	

	  Japan
	213
	150
	70.4 (63.7-76.4)
	50.7 (43.8-57.7)
	15.0 (10.7-20.7)
	0.9 (0.2-3.7)
	

	  Other
	367
	205
	55.9 (50.6-61.0)
	22.9 (18.8-27.6)
	21.3 (17.3-25.9)
	5.2 (3.2-8.1)
	

	Time period
	[bookmark: _Hlk199613227]<0.001

	  2007-2014
	1,739
	918
	52.8 (50.4-55.2)
	21.3 (19.5-23.4)
	20.0 (18.2-22.0)
	8.6 (7.4-10.1)
	

	  2015-2023
	1,447
	664
	45.9 (43.3-48.5)
	22.9 (20.8-25.1)
	16.8 (14.9-18.8)
	4.6 (3.6-5.8)
	

	Alcohol use
	0.25

	No
	2,270
	1,112
	49.0 (46.9-51.1)
	21.9 (20.2-23.7)
	17.7 (16.1-19.3)
	6.8 (5.8-8.0)
	

	Yes
	916
	470
	51.3 (48.0-54.6)
	22.5 (19.9-25.4)
	20.7 (18.2-23.5)
	6.7 (5.2-8.5)
	

	Tobacco use
	0.92

	No
	2,105
	1,047
	49.7 (47.6-51.9)
	23.5 (21.7-25.4)
	17.2 (15.6-18.9)
	6.5 (5.5-7.7)
	

	Yes
	1,081
	535
	49.5 (46.5-52.5)
	19.2 (17.0-21.8)
	21.2 (18.8-23.7)
	7.3 (5.9-9.1)
	

	Diabetes
	0.89

	No
	2,364
	1,176
	49.8 (47.7-51.8)
	21.8 (20.2-23.6)
	18.8 (17.2-20.4)
	6.8 (5.8-7.9)
	

	Yes
	822
	406
	49.4 (45.9-52.9)
	22.6 (19.9-25.7)
	17.9 (15.4-20.7)
	7.0 (5.1-8.7)
	

	Liver disease severity
	<0.001

	Noncirrhosis
	1,469
	606
	41.3 (38.7-43.8)
	17.2 (15.3-19.2)
	15.3 (13.5-17.2)
	6.7 (5.5-8.2)
	

	Compensated cirrhosis
	700
	537
	76.7 (73.4-79.8)
	35.3 (31.8-39.0)
	27.3 (24.1-30.8)
	8.9 (6.9-11.3)
	

	Decompensated cirrhosis
	1,017
	439
	43.2 (40.1-46.3)
	20.0 (17.6-22.6)
	17.3 (15.1-19.8)
	5.4 (4.1-7.0)
	

	Cirrhosis Child class 
	<0.001

	A
	537
	422
	[bookmark: _Hlk199616769]78.6 (74.8-81.9)
	37.4 (33.4-41.7)
	26.8 (23.2-30.8)
	8.9 (6.7-11.8)
	

	B
	722
	349
	48.3 (44.6-52.1)
	21.9 (19.0-25.1)
	17.2 (14.5-20.2)
	8.0 (6.2-10.3)
	

	C
	432
	189
	43.8 (39.0-48.6)
	20.1 (16.5-24.3)
	22.0 (18.2-26.3)
	1.6 (0.7-3.5)
	

	ALBI grade
	<0.001

	≤-2.6
	1,269
	680
	53.6 (50.8-56.4)
	25.1 (22.8-27.6)
	17.7 (15.7-20.0)
	8.0 (6.6-9.7)
	

	-2.6 to -1.39
	1,392
	640
	46.0 (43.3-48.6)
	18.3 (16.3-20.4)
	19.3 (17.3-21.5)
	6.6 (5.4-8.1)
	

	>-1.39
	316
	160
	50.6 (45.0-56.3)
	20.3 (16.1-25.2)
	26.3 (21.6-31.6)
	3.5 (1.8-6.3)
	

	BCLC stage
	<0.001

	0/A
	1,337
	801
	59.9 (57.2-62.5)
	31.4 (29.0-34.0)
	17.4 (15.4-19.5)
	7.3 (6.0-8.8)
	

	B
	601
	306
	50.9 (46.8-55.0)
	18.0 (15.0-21.3)
	21.0 (17.8-24.5)
	10.5 (8.2-13.3)
	

	C
	916
	336
	36.7 (33.6-39.9)
	12.2 (10.2-14.6)
	18.2 (15.8-20.9)
	5.5 (4.1-7.2)
	

	D
	307
	126
	41.0 (35.5-46.8)
	19.5 (15.4-24.5)
	19.5 (15.4-24.5)
	1.3 (0.4-3.5)
	

	Primary HCC therapy
	<0.001

	No treatment
	458
	146
	31.9 (27.7-36.4)
	13.3 (10.4-16.9)
	13.8 (10.8-17.3)
	2.2 (1.1-4.1)
	

	Liver transplantation
	131
	126
	96.2 (90.9-98.6)
	42.0 (33.5-50.9)
	29.8 (22.3-38.5)
	17.6 (11.4-25.4)
	

	Resection
	953
	457
	48.0 (44.7-51.2)
	22.4 (19.9-25.3)
	16.0 (13.7-18.5)
	7.0 (5.5-8.9)
	

	Ablation
	367
	235
	64.0 (58.9-68.9)
	34.9 (30.1-40.0)
	19.6 (15.8-24.1)
	7.4 (5.0-10.7)
	

	TACE/Y90
	1,031
	503
	48.8 (45.7-51.9)
	19.8 (17.4-22.4)
	19.6 (17.2-22.2)
	8.2 (6.7-10.1)
	

	Systemic therapy
	126
	41
	32.5 (24.6-41.5)
	10.3 (5.8-17.3)
	16.7 (10.8-24.6)
	2.4 (0.6-7.3)
	

	Other/Unknown
	120
	74
	61.7 (52.3-70.3)
	22.5 (15.6-31.2)
	35.0 (26.7-44.3)
	0.8 (0.04-5.2)
	


*At any time includes before, at, and after HCC diagnosis; **Compare NA treatment rates at any time among subgroups.
Abbreviations: HBV, Hepatitis B virus; HCC, Hepatocellular carcinoma; NA, Nucleos(c)ide analog; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
Supplementary Table 3. Antiviral treatment rates in overall and subgroups of patients with HCV-related HCC, by timing of antiviral treatment initiation.
	Population
	Patient 
No.
	DAA treated patients, n
	DAA treatment rate (95%CI), %
	P 
value*

	
	
	
	At or after HCC diagnosis
	At HCC diagnosis
	Between 6 to 12 months after HCC diagnosis
	More than 12 months after HCC diagnosis
	

	Overall
	647
	409
	[bookmark: _Hlk195539880]63.2 (59.4-66.9)
	36.9 (33.2-40.8)
	14.8 (12.2-17.9)
	11.4 (9.1-14.2)
	-

	Sex
	0.001

	Female
	203
	147
	72.4 (65.6-78.3)
	40.9 (34.1-48.0)
	17.7 (12.9-23.8)
	13.8 (9.5-19.5)
	

	Male
	444
	262
	59.0 (54.3-63.6)
	35.1 (30.7-39.8)
	13.5 (10.5-17.1)
	10.4 (7.8-13.7)
	

	Age-years
	1.00

	≤65
	305
	193
	63.3 (57.6-68.7)
	39.7 (34.2-45.4)
	12.1 (8.8-16.5)
	11.5 (8.2-15.7)
	

	>65
	342
	216
	63.2 (57.8-68.2)
	34.5 (29.5-39.8)
	17.3 (13.5-21.8)
	11.4 (8.3-15.4)
	

	Race and ethnicity
	0.01

	White
	180
	100
	55.6 (48.0-62.9)
	36.1 (29.2-43.6)
	8.9 (5.3-14.3)
	10.6 (6.6-16.2)
	

	Black
	34
	19
	55.9 (38.1-72.4)
	35.3 (20.3-53.5)
	8.8 (2.3-24.8)
	11.8 (3.8-28.4)
	

	Asian
	341
	239
	70.1 (64.9-74.8)
	40.2 (35.0-45.6)
	18.8 (14.9-23.4)
	11.1 (8.1-15.1)
	

	Hispanic
	76
	42
	55.3 (43.5-66.5)
	25.0 (16.1-36.5)
	14.5 (7.8-24.9)
	15.8 (8.8-26.4)
	

	Other
	16
	9
	56.3 (30.6-79.3)
	37.5 (16.3-64.1)
	12.5 (2.2-39.6)
	6.3 (0.3-32.3)
	

	Geographic region
	0.003

	Non-Asia
	371
	216
	58.2 (53.0-63.3)
	35.3 (30.5-40.4)
	11.3 (8.4-15.1)
	11.6 (8.6-15.4)
	

	Asia
	276
	193
	69.9 (64.1-75.2)
	39.1 (33.4-45.2)
	19.6 (15.2-24.8)
	11.2 (7.9-15.7)
	

	Alcohol use
	0.01

	No
	358
	243
	67.9 (62.7-72.6)
	37.2 (32.2-42.4)
	18.7 (14.9-23.2)
	12.0 (8.9-15.9)
	

	Yes
	289
	166
	57.4 (51.5-63.2)
	36.7 (31.2-42.6)
	10.0 (6.9-14.2)
	10.7 (7.5-15.0)
	

	Tobacco use
	<0.001

	No
	353
	248
	70.3 (65.1-74.9)
	39.1 (34.0-44.4)
	19.3 (15.4-23.9)
	11.9 (8.8-15.9)
	

	Yes
	294
	161
	54.8 (48.9-60.5)
	34.4 (29.0-40.1)
	9.5 (6.5-13.6)
	10.9 (7.7-15.2)
	

	Diabetes
	0.06

	No
	468
	285
	60.9 (56.3-65.3)
	34.8 (30.6-39.4)
	15.2 (12.1-18.8)
	10.9 (8.3-14.2)
	

	Yes
	179
	124
	69.3 (61.9-75.8)
	42.5 (35.2-50.1)
	14.0 (9.4-20.1)
	12.9 (8.5-18.9)
	

	Liver disease severity
	0.004

	Noncirrhosis
	138
	101
	[bookmark: _Hlk199613938]73.2 (64.9-80.2)
	39.1 (31.1-47.8)
	21.0 (14.7-28.9)
	13.0 (8.1-20.1)
	

	Compensated cirrhosis
	372
	234
	[bookmark: _Hlk199613923]62.9 (57.8-67.8)
	37.6 (32.7-42.8)
	14.8 (11.4-18.9)
	10.5 (7.7-14.2)
	

	Decompensated cirrhosis
	137
	74
	[bookmark: _Hlk199613931]54.0 (45.3-62.5)
	32.9 (25.2-41.5)
	8.8 (4.8-15.1)
	12.4 (7.6-19.4)
	

	Cirrhosis Child class 
	<0.001

	A
	242
	165
	68.2 (61.9-73.9)
	39.7 (33.5-46.2)
	15.3 (11.1-20.6)
	13.2 (9.4-18.3)
	

	B
	165
	88
	53.3 (45.4-61.1)
	33.3 (26.3-41.1)
	9.1 (5.4-14.8)
	10.9 (6.8-16.9)
	

	C
	70
	27
	38.6 (27.4-51.0)
	25.7 (16.3-37.8)
	7.1 (2.7-16.6)
	5.7 (1.9-14.7)
	

	ALBI grade
	<0.001

	≤-2.6
	195
	145
	74.4 (67.5-80.2)
	46.2 (39.1-53.4)
	18.0 (13.0-24.2)
	10.3 (6.5-15.6)
	

	-2.6 to -1.39
	358
	230
	64.3 (59.0-69.17)
	35.8 (30.8-41.0)
	15.4 (11.87-19.6)
	13.1 (9.9-17.2)
	

	>-1.39
	81
	30
	37.0 (26.8-48.5)
	25.9 (17.1-37.1)
	6.2 (2.29-14.5)
	4.9 (1.6-12.9)
	

	BCLC stage
	<0.001

	0/A
	389
	282
	72.5 (67.7-76.8)
	42.7 (37.7-47.8)
	18.8 (15.1-23.1)
	11.1 (8.2-14.7)
	

	B
	107
	57
	53.3 (43.4-62.9)
	32.7 (24.1-42.6)
	10.3 (5.5-18.0)
	10.3 (5.5-18.0)
	

	C
	104
	54
	51.9 (42.0-61.7)
	24.0 (16.4-33.6)
	9.6 (5.0-17.1)
	18.3 (11.6-27.3)
	

	D
	43
	13
	30.2 (17.7-46.3)
	25.6 (14.0-41.5)
	2.3 (0.1-13.8)
	2.3 (0.1-13.8)
	

	Primary HCC therapy
	<0.001

	No treatment
	93
	40
	43.0 (32.9-53.7)
	31.2 (22.2-41.7)
	8.6 (4.1-16.7)
	3.2 (0.8-9.8)
	

	Liver transplantation
	33
	28
	[bookmark: _Hlk199617309]84.9 (67.3-94.3)
	57.6 (39.4-74.1)
	12.1 (4.0-29.1)
	15.2 (5.7-32.7)
	

	Resection
	136
	104
	[bookmark: _Hlk199617351]76.5 (68.3-83.1)
	44.1 (35.7-52.9)
	19.9 (13.7-27.8)
	12.5 (7.7-19.5)
	

	Ablation
	134
	92
	68.7 (60.0-76.2)
	41.0 (32.7-49.9)
	13.4 (8.4-20.7)
	14.2 (9.0-21.5)
	

	TACE/Y90
	238
	138
	58.0 (51.4-64.3)
	30.7 (25.0-37.0)
	15.6 (11.3-20.9)
	11.8 (8.1-16.7)
	

	Systemic therapy
	10
	4
	40.0 (13.7-72.6)
	10.0 (0.5-45.9)
	20.0 (3.5-55.8)
	10.0 (0.5-45.9)
	

	Other/Unknown
	3
	3
	100 (31.0-100)
	66.7 (12.5-98.2)
	0 (0-69.0)
	33.3 (1.8-87.5)
	


*Compare DAA treatment rates at or after HCC diagnosis among subgroups.
Abbreviations: HCV, Hepatitis C virus; HCC, Hepatocellular carcinoma; DAA, Direct acting antiviral; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
Supplementary Table 4. Antiviral treatment rates in overall and subgroups of patients with HBV/HCV-related HCC, by timing of antiviral treatment initiation.
	Population
	Patient 
No.
	NA treated patients, n
	NA treatment rate (95%CI), %
	P
value**

	
	
	
	At any time*
	Before HCC diagnosis
	At HCC diagnosis
	After HCC diagnosis
	

	Overall
	140
	48
	34.3 (26.6-42.8)
	13.6 (8.6-20.6)
	9.3 (5.3-15.7)
	10.7 (6.3-17.3)
	-

	Sex
	0.38

	Female
	40
	11
	27.5 (15.1-44.1)
	15.0 (6.3-30.5)
	10.0 (3.3-24.6)
	2.5 (0.1-14.7)
	

	Male
	100
	37
	37.0 (27.7-47.3)
	13.0 (7.4-21.6)
	9.0 (4.5-16.8)
	14.0 (8.1-22.7)
	

	Age-years
	0.14

	≤60
	51
	22
	43.1 (29.6-57.7)
	17.7 (8.9-31.4)
	11.8 (4.9-24.6)
	13.7 (6.2-26.9)
	

	>60
	89
	26
	29.2 (20.3-40.0)
	11.2 (5.8-20.1)
	7.9 (3.5-16.1)
	9.0 (4.2-17.4)
	

	Race and ethnicity
	0.65

	White
	16
	7
	43.8 (20.8-69.5)
	25.0 (8.3-52.6)
	0
	12.5 (2.2-39.6)
	

	Black
	2
	1
	50.0 (9.5-90.6)
	0
	50.0 (9.5-90.6)
	0
	

	Asian
	119
	40
	33.6 (25.4-42.9)
	12.6 (7.5-20.2)
	10.1 (5.6-17.3)
	10.9 (6.2-18.3)
	

	Hispanic
	1
	0
	0
	0
	0
	0
	

	Other
	2
	0
	0
	0
	0
	0
	

	Geographic region
	<0.001

	  Non-Asia
	44
	27
	61.4 (45.5-75.3)
	29.55 (17.3-45.4)
	13.6 (5.7-28.1)
	15.9 (7.2-30.7)
	

	  Asia
	96
	21
	21.9 (14.3-31.7)
	6.25 (2.6-13.6)
	7.3 (3.2-14.9)
	8.3 (3.9-16.2)
	

	Time period
	0.01

	  2007-2014
	115
	33
	28.7 (20.8-38.0)
	11.3 (6.4-18.9)
	7.8 (3.9-14.7)
	9.6 (5.1-16.8)
	

	  2015-2023
	25
	15
	60.0 (38.9-78.2)
	24.0 (10.2-45.5)
	16.0 (5.3-36.9)
	16.0 (5.3-36.9)
	

	Alcohol use
	0.78

	No
	94
	31
	33.0 (23.8-43.5)
	12.77 (7.1-21.6)
	10.6 (5.5-19.1)
	8.5 (4.0-16.6)
	

	Yes
	46
	17
	37.0 (23.6-52.5)
	15.2 (6.8-29.5)
	6.5 (1.7-18.9)
	15.2 (6.8-29.5)
	

	Tobacco use
	0.63

	No
	94
	34
	36.2 (26.7-46.8)
	14.89 (8.7-24.1)
	8.5 (4.0-16.6)
	11.7 (6.3-20.4)
	

	Yes
	46
	14
	30.4 (18.2-45.9)
	10.87 (4.1-24.4)
	10.9 (4.1-24.4)
	8.7 (2.8-21.7)
	

	Diabetes
	0.46

	No
	98
	36
	36.7 (27.4-47.1)
	12.2 (6.8-20.8)
	12.2 (6.8-20.8)
	11.2 (6.0-19.6)
	

	Yes
	42
	12
	28.6 (16.2-44.8)
	16.67 (7.5-32.0)
	2.4 (0.1-14.1)
	9.5 (3.1-23.6)
	

	Liver disease severity
	<0.001

	Noncirrhosis
	32
	8
	25.0 (12.1-43.8)
	3.1 (0.2-18.0)
	9.4 (2.5-26.2)
	12.5 (4.1-29.9)
	

	Compensated cirrhosis
	33
	20
	60.6 (42.2-76.6)
	33.3 (18.6-51.9)
	12.1 (4.0-29.1)
	12.1 (4.0-29.1)
	

	Decompensated cirrhosis
	75
	20
	26.7 (17.4-38.3)
	9.3 (4.2-18.8)
	8.0 (3.3-17.2)
	9.3 (4.2-18.9)
	

	Cirrhosis Child class 
	0.01

	A
	26
	16
	61.5 (40.7-79.1)
	30.8 (15.1-51.9)
	15.4 (5.1-35.7)
	11.5 (3.0-31.3)
	

	B
	52
	16
	30.8 (19.1-45.3)
	13.5 (6.0-26.4)
	3.9 (0.7-14.3)
	13.5 (6.0-26.4)
	

	C
	30
	8
	26.7 (13.0-46.2)
	10.0 (2.6-27.7)
	13.3 (4.4-31.6)
	3.3 (0.2-19.1)
	

	ALBI grade
	0.03

	≤-2.6
	33
	17
	51.5 (33.9-68.8)
	24.2 (11.7-42.6)
	6.1 (1.1-21.6)
	18.2 (7.6-36.1)
	

	-2.6 to -1.39
	83
	22
	26.5 (17.7-37.5)
	8.4 (3.8-17.1)
	7.2 (3.0-15.7)
	10.8 (5.4-20.1)
	

	>-1.39
	17
	7
	41.2 (19.4-66.6)
	23.5 (7.8-50.2)
	17.7 (4.7-44.2)
	0
	

	BCLC stage
	0.08

	0/A
	69
	28
	40.6 (29.1-53.1)
	17.4 (9.7-28.8)
	5.8 (1.9-14.9)
	17.4 (9.7-28.8)
	

	B
	23
	9
	39.1 (20.47-61.2)
	13.0 (3.4-34.7)
	13.0 (3.4-34.7)
	13.0 (3.4-34.7)
	

	C
	29
	7
	24.1 (11.0-43.9)
	6.9 (1.2-24.2)
	13.8 (4.5-32.6)
	0
	

	D
	17
	2
	11.8 (2.1-37.8)
	5.9 (0.3-30.8)
	5.9 (0.3-30.8)
	0
	

	Primary HCC therapy
	0.01

	No treatment
	23
	4
	17.4 (5.7-39.6)
	4.4 (0.2-24.0)
	8.7 (1.5-29.5)
	0
	

	Liver transplantation
	15
	11
	73.3 (44.8-91.1)
	40.0 (17.5-67.1)
	6.7 (0.4-34.0)
	26.7 (8.9-55.2)
	

	Resection
	28
	8
	28.6 (14.0-48.9)
	10.7 (2.8-29.4)
	7.1 (1.3-25.0)
	10.7 (2.8-29.4)
	

	Ablation
	13
	3
	23.1 (6.2-54.0)
	23.1 (6.16-54.0)
	0
	0
	

	TACE/Y90
	56
	21
	37.5 (25.2-51.5)
	8.9 (3.3-20.4)
	14.3 (6.8-26.8)
	14.3 (6.8-26.8)
	

	Other/Unknown
	5
	1
	20.0 (1.1-70.1)
	20.0 (1.1-70.1)
	0
	0
	


*At any time includes before, at, and after HCC diagnosis; **Compare NA treatment rates at any time among subgroups.
Abbreviations: HBV, Hepatitis B virus; HCV, Hepatitis C virus; HCC, Hepatocellular carcinoma; NA, Nucleos(c)ide analog; CTP, Child-Turcotte-Pugh; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
Supplementary Table 5. Sensitivity analyses for factors associated with the receipt of antiviral treatment in patients with HBV-related HCC adjusting for liver function with ALBI score (model 1) or with BCLC stage only (model 2).
	[bookmark: _Hlk193590459]Factors
	Univariable          
OR (95%CI)
	P   
value
	Multivariable model 1 
adjusted OR (95%CI)
	P   
value
	Multivariable model 2
adjusted OR (95%CI)
	P   
value

	Sex

	 Female
	Reference
	
	Reference
	
	Reference
	

	 Male
	1.50 (1.26-1.78)
	<0.001
	1.53 (1.24-1.89)
	<0.001
	1.57 (1.28-1.92)
	<0.001

	Age, years

	 ≤60
	Reference
	
	Reference
	
	Reference
	

	 >60
	0.69 (0.60-0.80)
	<0.001
	0.61 (0.51-0.72)
	<0.001
	0.62 (0.53-0.73)
	<0.001

	Race and ethnicity

	 White
	Reference
	
	Reference
	
	Reference
	

	 Black
	1.60 (0.70-4.01)
	0.29
	1.29 (0.53-3.38)
	0.59
	1.55 (0.66-3.99)
	0.34

	[bookmark: _Hlk199851562] Asian
	0.15 (0.09-0.23)
	<0.001
	1.05 (0.57-1.85)
	0.88
	1.09 (0.62-1.87)
	0.75

	 Hispanic
	0.62 (0.27-1.55)
	0.29
	0.52 (0.21-1.37)
	0.17
	0.62 (0.25-1.61)
	0.31

	 Other
	1.31 (0.52-3.76)
	0.58
	1.36 (0.51-4.10)
	0.55
	1.51 (0.58-4.47)
	0.42

	Geographic region

	 Non-Asia
	Reference
	
	Reference
	
	Reference
	

	 Asia
	0.08 (0.06-0.10)
	<0.001
	0.11 (0.09-0.15)
	<0.001
	0.12 (0.09-0.15)
	<0.001

	ALBI grade

	 ≤-2.6
	Reference
	
	Reference
	
	

	 -2.6 to -1.39
	0.74 (0.63-0.86)
	<0.001
	0.93 (0.77-1.12)
	0.42
	

	 >-1.39
	0.89 (0.69-1.14)
	0.35
	1.11 (0.74-1.66)
	0.61
	

	BCLC stage

	 0/A
	Reference
	
	Reference
	
	Reference
	

	 B
	0.69 (0.57-0.84)
	<0.001
	0.72 (0.56-0.91)
	0.01
	0.70 (0.56-0.88)
	0.003

	 C
	0.39 (0.33-0.46)
	<0.001
	0.52 (0.41-0.64)
	<0.001
	0.51 (0.41-0.63)
	<0.001

	 D
	0.47 (0.36-0.60)
	<0.001
	0.67 (0.44-1.01)
	0.06
	0.76 (0.55-1.05)
	0.10

	Primary HCC therapy

	 No treatment
	Reference
	
	Reference
	
	Reference
	

	[bookmark: _Hlk199837096] Liver transplantation
	53.85 (23.85-154.54)
	<0.001
	14.40 (5.12-60.29)
	<0.001
	15.69 (5.61-65.56)
	<0.001

	 Resection
	1.97 (1.56-2.49)
	<0.001
	1.52 (1.10-2.09)
	0.01
	1.69 (1.25-2.29)
	<0.001

	 Ablation
	3.80 (2.85-5.10)
	<0.001
	3.44 (2.40-4.96)
	<0.001
	3.79 (2.68-5.39)
	<0.001

	 TACE/Y90
	2.04 (1.62-2.57)
	<0.001
	2.28 (1.71-3.05)
	<0.001
	2.38 (1.80-3.16)
	<0.001

	 Systemic therapy
	1.03 (0.67-1.56)
	0.89
	1.22 (0.73-2.00)
	0.44
	1.33 (0.81-2.16)
	0.25

	 Other/Unknown
	3.44 (2.27-5.25)
	<0.001
	2.01 (1.22-3.31)
	0.01
	2.09 (1.28-3.42)
	0.003


Abbreviations: HBV, Hepatitis B virus; HCC, Hepatocellular carcinoma; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; OR, Odds ratio; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
[bookmark: _Hlk204090592]Supplementary Table 6. Sensitivity analyses for factors associated with the receipt of antiviral treatment in patients with HCV-related HCC adjusting for liver function with ALBI score (model 1) or with BCLC stage only (model 2).
	Factors
	Univariable          
OR (95%CI)
	P   
value
	Multivariable model 1
adjusted OR (95%CI)
	P   
value
	Multivariable model 2
adjusted OR (95%CI)
	P   
value

	Sex

	 Female
	Reference
	
	Reference
	
	Reference
	

	 Male
	0.55 (0.38-0.78)
	0.001
	0.66 (0.43-1.00)
	0.05
	0.64 (0.42-0.97)
	0.04

	Age, years

	 ≤65
	Reference
	
	Reference
	
	Reference
	

	 >65
	0.99 (0.72-1.37)
	0.97
	0.69 (0.47-1.02)
	0.06
	0.67 (0.45-0.98)
	0.04

	Race and ethnicity

	White
	Reference
	
	Reference
	
	Reference
	

	 Black
	1.01 (0.49-2.15)
	0.97
	0.97 (0.43-2.22)
	0.94
	0.93 (0.41-2.12)
	0.86

	 Asian
	1.87 (1.29-2.73)
	0.001
	1.60 (0.80-3.27)
	0.19
	1.51 (0.77-3.03)
	0.24

	 Hispanic
	0.99 (0.58-1.70)
	0.97
	0.88 (0.48-1.64)
	0.69
	0.85 (0.47-1.55)
	0.60

	 Other
	1.03 (0.37-2.99)
	0.96
	1.12 (0.35-3.70)
	0.85
	1.09 (0.34-3.61)
	0.88

	Geographic region

	 Non-Asia
	Reference
	
	Reference
	
	Reference
	

	 Asia
	1.67 (1.20-2.33)
	0.002
	0.89 (0.44-1.74)
	0.73
	0.96 (0.49-1.85)
	0.90

	[bookmark: _Hlk199775847]Alcohol use

	 No
	Reference
	
	Reference
	
	Reference
	

	 Yes
	0.64 (0.46-0.88)
	0.01
	1.15 (0.75-1.78)
	0.52
	1.11 (0.73-1.70)
	0.62

	[bookmark: _Hlk199775858]Tobacco use

	 No
	Reference
	
	Reference
	
	Reference
	

	 Yes
	0.51 (0.37-0.71)
	<0.001
	0.77 (0.49-1.21)
	0.26
	0.72 (0.46-1.11)
	0.14

	Diabetes

	 No
	Reference
	
	Reference
	
	Reference
	

	 Yes
	1.45 (1.01-2.10)
	0.05
	1.34 (0.89-2.03)
	0.16
	1.43 (0.96-2.16)
	0.08

	ALBI grade

	 ≤-2.6
	Reference
	
	Reference
	
	

	 -2.6 to -1.39
	0.62 (0.42-0.91)
	0.02
	0.75 (0.49-1.14)
	0.18
	

	 >-1.39
	0.20 (0.12-0.35)
	<0.001
	0.40 (0.19-0.83)
	0.01
	

	BCLC stage

	 0/A
	Reference
	
	Reference
	
	Reference
	

	 B
	0.43 (0.28-0.67)
	<0.001
	0.51 (0.31-0.83)
	0.01
	0.52 (0.32-0.84)
	0.01

	 C
	0.41 (0.26-0.64)
	<0.001
	0.49 (0.30-0.79)
	0.003
	0.49 (0.30-0.79)
	0.003

	 D
	0.16 (0.08-0.32)
	<0.001
	0.39 (0.16-0.94)
	0.04
	0.27 (0.12-0.57)
	<0.001

	Primary HCC therapy

	 No treatment
	Reference
	
	Reference
	
	Reference
	

	[bookmark: _Hlk199837076] Liver transplantation
	7.42 (2.83-23.38)
	<0.001
	7.91 (2.80-26.35)
	<0.001
	8.11 (2.91-26.73)
	<0.001

	[bookmark: _Hlk199837029] Resection
	4.31 (2.45-7.69)
	<0.001
	2.44 (1.25-4.80)
	0.01
	3.02 (1.59-5.80)
	<0.001

	 Ablation
	2.90 (1.68-5.06)
	<0.001
	1.69 (0.89-3.22)
	0.11
	1.95 (1.04-3.65)
	0.04

	 TACE/Y90
	1.83 (1.13-2.98)
	0.01
	1.60 (0.91-2.83)
	0.10
	1.77 (1.02-3.08)
	0.04

	 Systemic therapy
	0.88 (0.21-3.30)
	0.86
	1.25 (0.27-5.43)
	0.76
	1.20 (0.27-4.77)
	0.79

	 Other/Unknown
	NA (NA-NA)
	-
	NA (NA-NA)
	-
	NA (NA-NA)
	-


Abbreviations: HCV, Hepatitis C virus; HCC, Hepatocellular carcinoma; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; OR, Odds ratio; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
[bookmark: _Hlk204090600][bookmark: _Hlk201228373]Supplementary Table 7. Incidence of overall mortality in patients with HBV-related HCC by antiviral treatment status, overall and subgroup analyses.
	Population
	Group
	Patient 
No.
	Person-years
	Event, 
no
	Incidence per 100 person-years (95%CI)
	P   value

	Overall
	Untreated
	1,108
	2,658.2
	466
	17.5 (16.0-19.2)
	<0.001

	
	Treated
	1,260
	4,739.1
	496
	10.5 (9.6-11.4)
	

	Sex

	 Female
	Untreated
	288
	744.4
	120
	16.1 (13.4-19.3)
	<0.001

	
	Treated
	232
	994.2
	76
	7.6 (6.0-9.6)
	

	 Male
	Untreated
	820
	1,913.7
	346
	18.1 (16.2-20.1)
	<0.001

	
	Treated
	1,028
	3,744.9
	420
	11.2 (10.2-12.3)
	

	Age, years

	 ≤60
	Untreated
	470
	1,198.1
	191
	15.9 (13.8-18.4)
	<0.001

	
	Treated
	659
	2,447.6
	254
	10.4 (9.1-11.7)
	

	 >60
	Untreated
	638
	1,460.1
	275
	18.8 (16.7-21.2)
	<0.001

	
	Treated
	601
	2,291.6
	242
	10.6 (9.3-12)
	

	Race and ethnicity

	 White
	Untreated
	16
	27.5
	12
	43.6 (22.5-76.2)
	<0.001

	
	Treated
	69
	229.6
	34
	14.8 (10.3-20.7)
	

	 Black
	Untreated
	5
	29.5
	2
	6.8 (0.8-24.5)
	0.50

	
	Treated
	40
	143.7
	16
	11.1 (6.4-18.1)
	

	 Asian
	Untreated
	1,078
	2,569.8
	448
	17.4 (15.9-19.1)
	<0.001

	
	Treated
	1,106
	4,144.6
	427
	10.3 (9.3-11.3)
	

	 Hispanic
	Untreated
	6
	15.4
	4
	26.0 (7.1-66.5)
	0.14

	
	Treated
	19
	81.5
	9
	11.0 (5.0-21.0)
	

	 Other
	Untreated
	3
	16.0
	0
	0 (0-23.1)
	0.28

	
	Treated
	26
	139.9
	10
	7.1 (3.4-13.1)
	

	Geographic region

	 Non-Asia
	Untreated
	88
	323.6
	52
	16.1 (12.0-21.1)
	<0.001

	
	Treated
	513
	2,349.9
	220
	9.4 (8.2-10.7)
	

	 Asia
	Untreated
	1,020
	2,334.6
	414
	17.7 (16.1-19.5)
	<0.001

	
	Treated
	747
	2,389.2
	276
	11.6 (10.2-13.0)
	

	Country/region

	 U.S.
	Untreated
	78
	309.9
	46
	14.8 (10.9-19.8)
	0.002

	
	Treated
	480
	2,252.5
	203
	9.0 (7.8-10.3)
	

	 Taiwan
	Untreated
	864
	1,884.7
	360
	19.1 (17.2-21.2)
	<0.001

	
	Treated
	470
	1,359.0
	181
	13.3 (11.4-15.4)
	

	 Japan
	Untreated
	45
	139.5
	17
	12.2 (7.1-19.5)
	0.06

	
	Treated
	134
	606.7
	43
	7.1 (5.1-9.5)
	

	 Other
	Untreated
	121
	324.2
	43
	13.3 (9.6-17.9)
	0.99

	
	Treated
	176
	520.9
	69
	13.2 (10.3-16.8)
	

	Alcohol use

	 No
	Untreated
	801
	1,974.5
	323
	16.4 (14.6-18.2)
	<0.001

	
	Treated
	876
	3,409.6
	329
	9.6 (8.6-10.8)
	

	 Yes
	Untreated
	307
	683.6
	143
	20.9 (17.6-24.6)
	<0.001

	
	Treated
	384
	1,329.6
	167
	12.6 (10.7-14.6)
	

	Tobacco use

	 No
	Untreated
	745
	1,867.0
	292
	15.6 (13.9-17.5)
	<0.001

	
	Treated
	840
	3,318.8
	306
	9.2 (8.2-10.3)
	

	 Yes
	Untreated
	363
	791.2
	174
	22.0 (18.8-25.5)
	<0.001

	
	Treated
	420
	1,420.4
	190
	13.4 (11.5-15.4)
	

	Diabetes

	 No
	Untreated
	824
	1,980.2
	333
	16.8 (15.1-18.7)
	<0.001

	
	Treated
	947
	3,595.8
	371
	10.3 (9.3-11.4)
	

	 Yes
	Untreated
	284
	678.0
	133
	19.6 (16.4-23.2)
	<0.001

	
	Treated
	313
	1,143.4
	125
	10.9 (9.1-13)
	

	Liver disease Severity

	 Noncirrhosis
	Untreated
	620
	1,474.0
	242
	16.4 (14.4-18.6)
	<0.001

	
	Treated
	478
	1,721.1
	162
	9.4 (8.0-11.0)
	

	 Compensated cirrhosis
	Untreated
	133
	448.9
	47
	10.5 (7.7-13.9)
	0.30

	
	Treated
	439
	1,980.0
	175
	8.8 (7.6-10.2)
	

	 Decompensated cirrhosis
	Untreated
	355
	735.3
	177
	24.1 (20.7-27.9)
	<0.001

	
	Treated
	343
	1038
	159
	15.3 (13.0-17.9)
	

	Cirrhosis Child class

	 A
	Untreated
	99
	380.6
	30
	7.9 (5.3-11.3)
	0.85

	
	Treated
	357
	1,688.3
	128
	7.6 (6.3-9.0)
	

	 B
	Untreated
	293
	688.4
	120
	17.4 (14.5-20.8)
	0.10

	
	Treated
	302
	972.3
	138
	14.2 (11.9-16.8)
	

	 C
	Untreated
	87
	96.3
	69
	71.7 (55.7-90.7)
	<0.001

	
	Treated
	109
	271.1
	64
	23.6 (18.2-30.1)
	

	ALBI grade

	 ≤-2.6
	Untreated
	463
	1,297.7
	127
	9.8 (8.2-11.6)
	0.01

	
	Treated
	574
	2,426.5
	175
	7.2 (6.2-8.4)
	

	 -2.6 to -1.39
	Untreated
	504
	1,060.9
	255
	24.0 (21.2-27.2)
	<0.001

	
	Treated
	509
	1,626.6
	238
	14.6 (12.8-16.6)
	

	 >-1.39
	Untreated
	64
	80.4
	52
	64.7 (48.3-84.8)
	<0.001

	
	Treated
	89
	231.5
	60
	25.9 (19.8-33.4)
	

	BCLC stage

	 0/A
	Untreated
	447
	1,559.0
	105
	6.7 (5.5-8.2)
	0.30

	
	Treated
	696
	3,150.5
	187
	5.9 (5.1-6.8)
	

	 B
	Untreated
	233
	527.3
	98
	18.6 (15.1-22.6)
	0.03

	
	Treated
	249
	853.4
	118
	13.8 (11.4-16.6)
	

	 C
	Untreated
	363
	483.2
	213
	44.1 (38.4-50.4)
	<0.001

	
	Treated
	245
	554.5
	154
	27.8 (23.6-32.5)
	

	 D
	Untreated
	56
	60.1
	46
	76.5 (56-102.1)
	<0.001

	
	Treated
	60
	117.4
	37
	31.5 (22.2-43.4)
	

	Primary HCC therapy

	 No treatment
	Untreated
	111
	155.6
	64
	41.1 (31.7-52.5)
	0.60

	
	Treated
	73
	123.8
	46
	37.2 (27.2-49.6)
	

	 Liver transplantation
	Untreated
	5
	42.6
	2
	4.7 (0.6-17.0)
	0.32

	
	Treated
	79
	583.6
	13
	2.2 (1.2-3.8)
	

	 Resection
	Untreated
	418
	1,282.0
	102
	8.0 (6.5-9.7)
	<0.001

	
	Treated
	428
	2,069.4
	97
	4.7 (3.8-5.7)
	

	 Ablation
	Untreated
	94
	315.3
	28
	8.9 (5.9-12.8)
	0.77

	
	Treated
	183
	652.5
	62
	9.5 (7.3-12.2)
	

	 TACE/Y90
	Untreated
	416
	813.0
	219
	26.9 (23.5-30.8)
	<0.001

	
	Treated
	439
	1,224.9
	232
	18.9 (16.6-21.5)
	

	 Systemic therapy
	Untreated
	42
	31.8
	36
	113.2 (79.3-156.7)
	0.43

	
	Treated
	23
	20.0
	18
	90.0 (53.3-142.2)
	

	 Other/Unknown
	Untreated
	22
	18.0
	15
	83.3 (46.6-137.4)
	0.04

	
	Treated
	35
	65.0
	28
	43.1 (28.6-62.3)
	


Abbreviations: HBV, Hepatitis B virus; HCC, Hepatocellular carcinoma; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
[bookmark: _Hlk204090607]Supplementary Table 8. Incidence of overall mortality in patients with HCV-related HCC by antiviral treatment status, overall and subgroup analyses.
	Population
	Group
	Patient 
No.
	Person-years
	Event, 
no
	Incidence per 100 person-years (95%CI)
	P   value

	Overall
	Untreated
	200
	400.5
	122
	30.5 (25.3-36.4)
	<0.001

	
	Treated
	399
	1,432.1
	110
	7.7 (6.3-9.3)
	

	Sex

	 Female
	Untreated
	49
	95.1
	26
	27.3 (17.9-40.1)
	<0.001

	
	Treated
	146
	544.6
	36
	6.6 (4.6-9.2)
	

	 Male
	Untreated
	151
	305.4
	96
	31.4 (25.5-38.4)
	<0.001

	
	Treated
	253
	887.5
	74
	8.3 (6.5-10.5)
	

	Age, years

	 ≤65
	Untreated
	96
	178.5
	64
	35.9 (27.6-45.8)
	<0.001

	
	Treated
	186
	634.7
	55
	8.7 (6.5-11.3)
	

	 >65
	Untreated
	104
	222.0
	58
	26.1 (19.8-33.8)
	<0.001

	
	Treated
	213
	797.4
	55
	6.9 (5.2-9.0)
	

	Race and ethnicity

	 White
	Untreated
	69
	119.1
	51
	42.8 (31.9-56.3)
	<0.001

	
	Treated
	94
	291.3
	40
	13.7 (9.8-18.7)
	

	 Black
	Untreated
	12
	19.8
	8
	40.4 (17.4-79.6)
	0.002

	
	Treated
	19
	64.6
	6
	9.3 (3.4-20.2)
	

	 Asian
	Untreated
	84
	175.2
	39
	22.3 (15.8-30.4)
	<0.001

	
	Treated
	237
	886.0
	49
	5.5 (4.1-7.3)
	

	 Hispanic
	Untreated
	31
	80.9
	21
	26.0 (16.1-39.7)
	<0.001

	
	Treated
	40
	160.1
	11
	6.9 (3.4-12.3)
	

	 Other
	Untreated
	4
	5.5
	3
	54.5 (11.2-159.4)
	0.04

	
	Treated
	9
	30.2
	4
	13.2 (3.6-33.9)
	

	Geographic region

	 Non-Asia
	Untreated
	133
	275.6
	94
	34.1 (27.6-41.7)
	<0.001

	
	Treated
	207
	725.6
	80
	11.0 (8.7-13.7)
	

	 Asia
	Untreated
	67
	124.9
	28
	22.4 (14.9-32.4)
	<0.001

	
	Treated
	192
	706.5
	30
	4.2 (2.9-6.1)
	

	Alcohol use

	 No
	Untreated
	96
	195.2
	49
	25.1 (18.6-33.2)
	<0.001

	
	Treated
	242
	908.5
	55
	6.1 (4.6-7.9)
	

	 Yes
	Untreated
	104
	205.3
	73
	35.6 (27.9-44.7)
	<0.001

	
	Treated
	157
	523.6
	55
	10.5 (7.9-13.7)
	

	Tobacco use

	 No
	Untreated
	88
	171.9
	50
	29.1 (21.6-38.3)
	<0.001

	
	Treated
	244
	923.9
	52
	5.6 (4.2-7.4)
	

	 Yes
	Untreated
	112
	228.7
	72
	31.5 (24.6-39.6)
	<0.001

	
	Treated
	155
	508.2
	58
	11.4 (8.7-14.8)
	

	Diabetes

	 No
	Untreated
	151
	283.4
	93
	32.8 (26.5-40.2)
	<0.001

	
	Treated
	278
	957.4
	76
	7.9 (6.3-9.9)
	

	 Yes
	Untreated
	49
	117.1
	29
	24.8 (16.6-35.6)
	<0.001

	
	Treated
	121
	474.7
	34
	7.2 (5.0-10.0)
	

	Disease Severity

	 Noncirrhosis
	Untreated
	32
	80.5
	10
	12.4 (6.0-22.8)
	0.002

	
	Treated
	100
	274.0
	9
	3.3 (1.5-6.2)
	

	 Compensated cirrhosis
	Untreated
	118
	253.9
	75
	29.5 (23.2-37)
	<0.001

	
	Treated
	230
	922.9
	73
	7.9 (6.2-9.9)
	

	 Decompensated cirrhosis
	Untreated
	50
	66.2
	37
	55.9 (39.4-77.0)
	<0.001

	
	Treated
	69
	235.2
	28
	11.9 (7.9-17.2)
	

	Cirrhosis Child class

	 A
	Untreated
	68
	173.6
	35
	20.2 (14.0-28.0)
	<0.001

	
	Treated
	163
	649.0
	49
	7.6 (5.6-10.0)
	

	 B
	Untreated
	67
	96.3
	50
	51.9 (38.5-68.5)
	<0.001

	
	Treated
	85
	285.5
	30
	10.5 (7.1-15.0)
	

	 C
	Untreated
	29
	41.4
	23
	55.6 (35.2-83.4)
	<0.001

	
	Treated
	24
	82.8
	13
	15.7 (8.4-26.8)
	

	ALBI grade

	 ≤-2.6
	Untreated
	47
	141.8
	17
	12.0 (7.0-19.2)
	<0.001

	
	Treated
	144
	513.4
	20
	3.9 (2.4-6.0)
	

	 -2.6 to -1.39
	Untreated
	108
	197.3
	69
	35.0 (27.2-44.3)
	<0.001

	
	Treated
	225
	814.6
	76
	9.3 (7.4-11.7)
	

	 >-1.39
	Untreated
	38
	50.9
	31
	60.9 (41.4-86.4)
	<0.001

	
	Treated
	26
	86.3
	13
	15.1 (8.0-25.8)
	

	BCLC stage

	 0/A
	Untreated
	92
	219.2
	47
	21.4 (15.8-28.5)
	<0.001

	
	Treated
	278
	1052.9
	72
	6.8 (5.4-8.6)
	

	 B
	Untreated
	47
	107.2
	28
	26.1 (17.4-37.7)
	<0.001

	
	Treated
	54
	190.4
	18
	9.5 (5.6-14.9)
	

	 C
	Untreated
	42
	50.1
	32
	63.9 (43.7-90.2)
	<0.001

	
	Treated
	54
	142.7
	14
	9.8 (5.4-16.5)
	

	 D
	Untreated
	18
	22.3
	14
	62.8 (34.3-105.3)
	0.01

	
	Treated
	10
	30.6
	6
	19.6 (7.2-42.7)
	

	Primary HCC therapy

	 No treatment
	Untreated
	30
	34.5
	25
	72.5 (46.9-107.0)
	<0.001

	
	Treated
	37
	151.3
	12
	7.9 (4.1-13.9)
	

	 Liver transplantation
	Untreated
	5
	32.7
	0
	0 (0-11.3)
	0.39

	
	Treated
	28
	179.2
	4
	2.2 (0.6-5.7)
	

	 Resection
	Untreated
	28
	92.3
	7
	7.6 (3.0-15.6)
	0.20

	
	Treated
	102
	374.5
	16
	4.3 (2.4-6.9)
	

	 Ablation
	Untreated
	36
	73.0
	22
	30.1 (18.9-45.6)
	<0.001

	
	Treated
	92
	322.8
	28
	8.7 (5.8-12.5)
	

	 TACE/Y90
	Untreated
	95
	164.8
	67
	40.7 (31.5-51.6)
	<0.001

	
	Treated
	135
	394.4
	47
	11.9 (8.8-15.8)
	

	 Systemic therapy
	Untreated
	6
	3.1
	1
	32.3 (0.8-179.7)
	0.78

	
	Treated
	2
	2.1
	1
	47.6 (1.2-265.3)
	


Abbreviations: HCV, Hepatitis C virus; HCC, Hepatocellular carcinoma; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
[bookmark: _Hlk204090614]Supplementary Table 9. Factors associated with the incidence of overall mortality in patients with HBV-related HCC.
	Factors
	Univariable
HR (95%CI)
	P
value
	Multivariable adjusted HR (95%CI)
	P
value

	Sex

	 Female
	Reference
	
	Reference
	

	 Male
	1.18 (1.01-1.38)
	0.04
	1.14 (0.96-1.36)
	0.14

	Age, years

	 ≤60
	Reference
	
	Reference
	

	 >60
	1.09 (0.96-1.23)
	0.20
	0.99 (0.86-1.13)
	0.83

	Race and ethnicity

	 White
	Reference
	
	Reference
	

	 Black
	0.64 (0.37-1.11)
	0.11
	0.45 (0.25-0.82)
	0.01

	 Asian
	0.75 (0.56-1.01)
	0.06
	0.71 (0.50-0.99)
	0.04

	 Hispanic
	0.85 (0.46-1.58)
	0.62
	0.92 (0.49-1.72)
	0.79

	 Other
	0.42 (0.21-0.83)
	0.01
	0.47 (0.23-0.95)
	0.03

	Geographic region

	 Non-Asia
	Reference
	
	Reference
	

	 Asia
	1.22 (1.06-1.41)
	0.01
	0.99 (0.82-1.20)
	0.96

	Alcohol use

	 No
	Reference
	
	Reference
	

	 Yes
	1.26 (1.10-1.44)
	<0.001
	1.07 (0.91-1.26)
	0.44

	Tabacco use

	 No
	Reference
	
	Reference
	

	 Yes
	1.39 (1.22-1.59)
	<0.001
	1.04 (0.89-1.22)
	0.62

	Antiviral treatment

	 No
	Reference
	
	Reference
	

	 Yes
	0.67 (0.59-0.77)
	<0.001
	0.82 (0.71-0.95)
	0.01

	Liver disease severity

	 Noncirrhosis
	Reference
	
	Reference
	

	 Child A cirrhosis
	0.67 (0.56-0.81)
	<0.001
	0.91 (0.74-1.12)
	0.39

	 Child B cirrhosis
	1.22 (1.04-1.42)
	0.01
	1.21 (1.03-1.42)
	0.02

	 Child C cirrhosis
	2.73 (2.24-3.32)
	<0.001
	1.56 (1.20-2.03)
	<0.001

	BCLC stage

	 0/A
	Reference
	
	Reference
	

	 B
	2.41 (2.02-2.87)
	<0.001
	1.93 (1.60-2.32)
	<0.001

	 C
	5.16 (4.41-6.04)
	<0.001
	3.66 (3.08-4.35)
	<0.001

	 D
	6.82 (5.33-8.72)
	<0.001
	2.85 (2.03-4.01)
	<0.001

	Primary HCC therapy

	 No treatment
	Reference
	
	Reference
	

	 Liver transplantation
	0.08 (0.04-0.13)
	<0.001
	0.10 (0.06-0.18)
	<0.001

	 Resection
	0.16 (0.13-0.21)
	<0.001
	0.22 (0.17-0.28)
	<0.001

	 Ablation
	0.25 (0.19-0.33)
	<0.001
	0.33 (0.24-0.44)
	<0.001

	 TACE/Y90
	0.57 (0.46-0.70)
	<0.001
	0.55 (0.44-0.69)
	<0.001

	 Systemic therapy
	2.60 (1.87-3.61)
	<0.001
	1.41 (0.99-1.99)
	0.06

	 Other/Unknown
	1.35 (0.95-1.93)
	0.09
	1.18 (0.81-1.72)
	0.40


Abbreviations: HBV, Hepatitis B virus; HCC, Hepatocellular carcinoma; HR, Hazard ratio; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
[bookmark: _Hlk204090621]Supplementary Table 10. Factors associated with the incidence of overall mortality in patients with HCV-related HCC.
	Factors
	Univariable
HR (95%CI)
	P
value
	Multivariable adjusted HR (95%CI)
	P
value

	Sex

	 Female
	Reference
	
	Reference
	

	 Male
	1.46 (1.09-1.95)
	0.01
	1.19 (0.86-1.67)
	0.30

	Age, years

	 ≤65
	Reference
	
	Reference
	

	 >65
	0.75 (0.58-0.98)
	0.03
	0.95 (0.71-1.28)
	0.74

	Race and ethnicity

	 White
	Reference
	
	Reference
	

	 Black
	0.73 (0.42-1.28)
	0.27
	0.75 (0.42-1.36)
	0.34

	 Asian
	0.38 (0.28-0.51)
	<0.001
	0.91 (0.56-1.45)
	0.68

	 Hispanic
	0.63 (0.42-0.94)
	0.02
	0.72 (0.47-1.10)
	0.12

	 Other
	0.90 (0.42-1.93)
	0.78
	0.83 (0.37-1.85)
	0.65

	Geographic region

	 Non-Asia
	Reference
	
	Reference
	

	 Asia
	0.40 (0.29-0.53)
	<0.001
	0.66 (0.40-1.10)
	0.11

	Alcohol use

	 No
	Reference
	
	Reference
	

	 Yes
	1.85 (1.42-2.39)
	<0.001
	1.07 (0.77-1.50)
	0.68

	Tabacco use

	 No
	Reference
	
	Reference
	

	 Yes
	1.87 (1.44-2.42)
	<0.001
	1.01 (0.73-1.41)
	0.94

	Antiviral treatment

	 No
	Reference
	
	Reference
	

	 Yes
	0.25 (0.19-0.32)
	<0.001
	0.31 (0.23-0.41)
	<0.001

	Liver disease severity

	 Noncirrhosis
	Reference
	
	Reference
	

	 Child A cirrhosis
	1.96 (1.19-3.22)
	0.01
	1.43 (0.83-2.45)
	0.20

	 Child B cirrhosis
	4.01 (2.43-6.62)
	<0.001
	2.62 (1.50-4.58)
	<0.001

	 Child C cirrhosis
	5.67 (3.25-9.89)
	<0.001
	3.71 (1.81-7.58)
	<0.001

	BCLC stage

	 0/A
	Reference
	
	Reference
	

	 B
	1.66 (1.18-2.34)
	0.003
	1.12 (0.77-1.63)
	0.54

	 C
	2.54 (1.80-3.58)
	<0.001
	2.46 (1.70-3.55)
	<0.001

	 D
	4.14 (2.58-6.65)
	<0.001
	1.59 (0.81-3.12)
	0.18

	Primary HCC therapy

	 No treatment
	Reference
	
	Reference
	

	 Liver transplantation
	0.10 (0.03-0.27)
	<0.001
	0.05 (0.02-0.16)
	<0.001

	 Resection
	0.23 (0.14-0.39)
	<0.001
	0.33 (0.18-0.59)
	<0.001

	 Ablation
	0.60 (0.39-0.92)
	0.02
	0.91 (0.56-1.47)
	0.70

	 TACE/Y90
	0.97 (0.67-1.41)
	0.86
	0.93 (0.62-1.41)
	0.74

	 Systemic therapy
	2.32 (0.55-9.80)
	0.25
	1.39 (0.32-6.04)
	0.66

	 Other/Unknown
	1.20 (0.29-4.99)
	0.80
	3.23 (0.73-14.30)
	0.12


Abbreviations: HCV, Hepatitis C virus; HCC, Hepatocellular carcinoma; HR, Hazard ratio; ALBI, Albumin-Bilirubin; BCLC, Barcelona Clinic Liver Cancer; TACE/Y90, Transarterial chemoembolization (±Yttrium-90)
[bookmark: _Hlk204090631]Supplementary Figure 1. Overall survaial rates in patients with HCC by antitival treatment status.
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Abbreviations: HCC, Hepatocellular carcinoma; HBV, Hepatitis B virus; HCV, Hepatitis C virus
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