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AI-generated content may be incorrect.]Supplementary Fig. 1. Flow diagram of cohort construction for the target trial emulation evaluating GLP-1 RA and hepatocellular carcinoma incidence.









*	Each comparator was evaluated within its own target trial emulation, using comparator‑specific eligibility criteria, exclusions, and matching procedures. Consequently, the analytic sample, including the pool of GLP‑1 RA initiators, varied across comparisons. 
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AI-generated content may be incorrect.]Supplementary Fig. 2. Flow diagram of cohort construction for the target trial emulation evaluating GLP-1 RA and mortality after hepatocellular carcinoma diagnosis.










*	Each comparator was evaluated within its own target trial emulation, using comparator‑specific eligibility criteria, exclusions, and matching procedures. Consequently, the analytic sample, including the pool of GLP‑1 RA initiators, varied across comparisons. 
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[bookmark: _Toc234162095]Supplementary table 1. The TARGET (TrAnsparent ReportinG of observational studies Emulating a Target trial) Checklist
	Item no.
	Checklist item
	Location reported (Page #)

	Abstract

	1
	a
	Identify that the study attempts to emulate a target trial using observational data. State the study objectives and briefly summarize the specified target trial.
	2

	
	b
	Report the data sources used for emulation.
	2

	
	c
	Summarize key assumptions, statistical methods, findings and conclusions.
	2-3

	Introduction

	2
	Background 
	Describe the scientific background of the study and the gap in knowledge.
	5

	3
	Causal question
	Summarize the causal question.
	5-6

	4
	Rationale
	Describe the rationale for emulating a target trial with the available data. Cite randomized trials informing the design of the target trial if applicable.
	6

	Methods

	5
	Data sources
	Cite the data sources contributing to the analyses and for each one describe the following: original purpose, type, the geographic locations, setting and time-period. If relevant, describe how the data were linked or pooled.
	7-8

	6
	Target trial specification
Specify the components of the target trial protocol that would answer the causal question.
	
7
	Target trial emulation
Describe how the components of the target trial protocol were emulated with the observational data, including how all variables were measured or ascertained. 
	Location item 6 (specification) reported
	Location item 7 (emulation) reported

	
	Eligibility criteria
	
	Eligibility criteria
	Page 8
Table 1 and 2
	Page 8
Table 1 and 2

	
	a 
	Describe the eligibility criteria.
	
	a
	Describe how the eligibility criteria were operationalized with the data.
	
	

	
	Treatment strategies
	
	Treatment strategies
	Page 9
Table 1 and 2
	Page 10 and 11
Table 1 and 2

	
	b
	Describe the treatment strategies that would be compared.
	
	b
	Describe how the treatment strategies were operationalized with the data.
	
	

	
	Assignment procedures
	
	Assignment procedures
	Page 9
Table 1 and 2
	Page 12-14
Table 1 and 2

	
	c
	Report that eligible individuals would be randomly assigned to treatment strategies and may be aware of their treatment allocation.
	
	c
	Describe how assignment to treatment strategies was operationalized with the data.
	
	

	
	Follow-up
	
	Follow-up
	Page 10
Table 1 and 2
	Page 11-
Table 1 and 2

	
	d
	Clarify that follow-up would start at time of assignment to the treatment strategies. Specify when follow-up would end.
	
	d
	Clarify that follow-up starts at the time individuals were assigned to the treatment strategies. Describe how the end of follow-up was operationalized with the data.
	
	

	
	Outcomes
	
	Outcomes
	Page 9
Table 1 and 2
	Page 11
Table 1 and 2

	
	e
	Describe the outcomes.
	
	e
	Describe how the outcomes were operationalized with the data.
	
	

	
	Causal contrasts
	
	Causal contrasts
	Page 10
Table 1 and 2
	Table 1 and 2

	
	f
	Describe the causal contrasts of interest, including effect measures.
	
	f
	Describe how the causal contrasts were operationalized with the data, including effect measures.
	
	

	
	Identifying assumptions
	
	Identifying assumptions
	Page 10
Table 1 and 2
	Page 10
Table 1 and 2

	
	g
	Describe assumptions that would be made to identify each causal estimand. Describe the variables, if any, related to these assumptions.
	
	g.i
	For each causal estimand, describe assumptions made to identify it, including assumptions regarding baseline confounding due to lack of randomization. 
	
	

	
	
	
	
	g.ii
	Describe how the variables related to these assumptions were operationalized with the data
	
	Page 9-14


	
	Data analysis plan
	
	Data analysis plan
	
Page 12-15

	Page 12-15


	
	h
	For each causal estimand, describe the data analysis procedures and any associated statistical modelling assumptions, including approaches for handling missing data.
	
	h.i
	For each causal estimand, describe the data analysis procedures and any associated statistical modelling assumptions, including approaches for handling missing data.
	
	

	
	
	
	
	h.ii
	For each causal estimand, describe any additional analyses conducted to assess the sensitivity of the results to the choice of operationalizations, assumptions and analysis.
	
	Page 15


	Results

	8
	Participant selection
	Report numbers of individuals assessed for eligibility, eligible, and assigned to each treatment strategy. A flow diagram is strongly recommended.
	Page 16, supplementary figure 1 and 2

	9
	Baseline data
	Describe the distribution of characteristics of individuals at baseline, by treatment strategy.
	Pages 16-18

	10
	Follow-up
	Summarize length of follow-up and describe reasons for end of follow-up for each treatment strategy and causal contrast.
	NA

	11
	Missing data
	Describe the frequency of missing data in all variables, by treatment strategy when applicable.
	Supplementary tables 3-4 and 9-10

	12
	Outcomes
	Describe the frequency or distribution of each outcome, by treatment strategy.
	Table 3-4

	13
	Effect estimates
	Report the effect estimates for each causal contrast with corresponding measures of precision, including both absolute and relative measures of effect, when applicable.
	Page 17-19
Table 3-4 

	14
	Additional analyses
	Report results of all analyses to assess the sensitivity of the estimates to choices in operationalizations, assumptions and analysis.
	Page 19
Supplementary tables 7-8 and 11

	Discussion

	15
	Interpretation
	Provide an interpretation of the key findings.
	Page 20-23

	16
	Limitations
	Discuss the limitations of the study considering differences between the target trial and its emulation and the plausibility of assumptions, including assumptions regarding baseline confounding due to lack of randomization.
	Page 23-25

	Other information

	17
	Ethics
	Provide the institutional research board or ethics committee that approved the study and approval numbers, if relevant.
	Page 25

	18
	Registration 
	State whether, when and where the study protocol was registered.
	Page 25

	19
	Sharing of study materials
	Provide information on whether data, analytic code and/or other materials are accessible, and where and how they can be accessed.
	Page 25

	20
	Funding sources
	Provide the sources of funding and detail the role of the funders in the design, conduct and reporting of the study.
	Page 25

	21
	Conflicts of interest
	State any conflicts of interest and financial disclosures for all authors.
	Page 25






[bookmark: _Toc234162096]Supplementary table 2. Secondary analysis: Specification table for risk of all-cause mortality after hepatocellular carcinoma diagnosis
	Component
	Target trial specification
	Target trial emulation 

	Causal question 
	Does initiation of GLP-1 RA, compared with initiating alternative glucose-lowering medications, associate with a reduced risk of all-cause mortality after hepatocellular carcinoma diagnosis in patients with type 2 diabetes?

	Same as for the target trial. 

	Eligibility
	· Aged ≥18 years.
· History of T2D and hepatocellular carcinoma.
· No history of type 1 diabetes, pancreatitis, gastroparesis, Cushing’s syndrome, CKD stage 4–5 or death before time zero.

	Same as for the target trial. All variables are ascertained using International Classification of Diseases (ICD)-9 and ICD-10 codes for diagnoses.

	Treatment strategies
	Intervention: 
· Initiation of GLP-1 RA, including semaglutide, dulaglutide, liraglutide, exenatide, lixisenatide, albiglutide, or tirzepatide.
Comparator:
Separate cohorts were defined according to initiation of alternative glucose-lowering agents within the same period:
· Metformin
· Insulin
· SGLT2 inhibitors
· DPP4i
· Sulfonylureas

	Intervention:
· Initiation of GLP-1 RA identified by the following RxNorm codes: 1991302 (semaglutide), 1551291 (dulaglutide), 475968 (liraglutide), 60548 (exenatide), 1440051 (lixisenatide), 1534763 (albiglutide), and 2601723 (tirzepatide) between January 1, 2009, and September 31, 2025.
Comparator:
Identified by the following code systems:
· Metformin: RxNorm 6809
· Insulin: VA HS501
· Sulfonylureas: ATC A10BB
· SGLT2 inhibitors: ATC A10BK


	Treatment assignment 
	Eligible patients are randomly assigned to the treatment groups and are aware of their assigned treatment.
	Patients are analyzed according to the treatment they initiate. A pseudo-randomized population is created using inverse probability of treatment weighting (IPTW), with weights derived from propensity scores estimated from key baseline covariates.


	Outcomes
	All-cause mortality.
	Same as for the target trial. All-cause mortality 


	Follow-up initiation
	Begins at treatment assignment day.

	Follow-up starts at the GLP1-RA or other glucose-lowering agent initiation day (time zero).


	Follow-up endpoint
	Death, loss to follow-up, or at the administrative end date of follow-up, whichever comes first.

	Same as for the target trial, defined as recorded death, last encounter in the electronic health record, or the administrative censoring date (September 31, 2025).


	Causal contrast
	The primary estimand was the intention-to-treat (ITT) effect, comparing outcomes among individuals initiating GLP-1 RA versus alternative glucose-lowering medications, regardless of treatment changes. The secondary estimand was the per-protocol (PP) effect, estimating the effect of sustained adherence to the assigned treatment strategy.
	The emulation estimates the observational analog of the ITT and PP effect 

	Statistical analysis
	· Five-year cumulative mortality risk and risk differs under each treatment strategy were estimated using pooled logistic regression models including treatment group and time since treatment initiation (months).
· Inverse probability of treatment weights (IPTW) estimated from baseline covariates to adjust for confounding.
· PP analysis is identical to the ITT analysis except that individuals were censored when they deviated from the assigned treatment strategy; inverse probability of censoring weights (IPCW) were used to adjust for predictors of treatment discontinuation.
· Subgroup analyses conducted by HCC management.
	Same as for the target trial, with adjustment for baseline covariates using IPTW or IPCW to achieve balance between treatment groups.
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	Variable
	Codes

	Primary Exposure
	

	GLP-1 receptor agonists
	RxNorm codes corresponding to:
Semaglutide: 1991302, 2619151, 2619152, 2619153, 2619154, 2599361, 2599362, 2599363, 2599364, 2599365, 2599366, 1991303, 1991304, 1991305, 1991306, 1991308, 1991309, 1991310, 1991311, 1991316, 1991317, 2553400, 2553500, 2553501, 2553503, 2553504, 2553505, 2553506, 2553507, 2553508, 2553600, 2553601, 2553602, 2553603, 2553604, 2553605, 2553606, 2553607, 2553608, 2553700, 2553802, 2553803, 2553900, 2553901, 2553902, 2553903, 2553904, 2553905, 2554101, 2554102, 2554103, 2554104, 2554105, 2554106, 2398841, 2398842, 2398843, 2398844, 2200640–2200658
Liraglutide: 476547, 1860164, 1860171, 1163230, 1186578, 1598267, 897122, 897126, 475968, 897120, 897124, 1360105, 1360495, 1598265, 1598268, 1598269, 1653594, 1653597, 1653600
Dulaglutide: 1551291, 1551292, 1551293, 1551295, 1551297, 1551299, 1551300, 1551301, 1551302, 1551303, 1551304, 1551305, 1551306, 1551307, 1551308, 1649584, 1649586, 2395776, 2395777, 2395778, 2395779, 2395780, 2395781, 2395782, 2395783, 2395784, 2395785, 2395786, 2395787
Exenatide: 199267, 1990864, 1990865, 1990866, 1990867, 1990868, 1990869, 1990870, 1990871, 60548, 847908, 847910, 847911, 847913, 847914, 847915, 847916, 847917, 1163790, 1169415, 1242961, 1242963, 1242965, 1242967, 1242967, 1242968, 1359640, 1359802, 1359979, 1360454, 1544916, 1544918
Lixisenatide: 1311021, 1858991, 1858992, 1858993, 1858995, 1858997, 1858998, 1858999, 1859000, 1859001, 1859002, 1859002, 1440053, 1803903, 1803885, 1803886, 1803888, 1803888, 1803889, 1803890, 1803891, 1803892, 1803893, 1803894, 1803895, 1803896, 1803897, 1803902, 1440056, 1440051
Tirzepatide: 2604966, 2604967, 2604968, 2604969, 2604970, 2604971, 2604972, 2655596, 2655597, 2655598, 2655599, 2655600, 2655601


	Active Comparators
	

	Metformin
	RxNorm codes: 860975, 861004, 861007, 861010, 861013, 861016, 861019, 861022, 861025

	Insulin
	RxNorm codes: 253182, 253183, 253184, 253185, 253186, 253187, 253188, 253189, 253190

	Sodium–glucose co-transporter-2 inhibitors
	RxNorm codes: 1373458, 1488564, 1486981, 1488569, 1488570, 1488571, 1509721, 1509722, 1509723, 1509725, 1509726, 1509728, 1509729, 1509729, 1509731, 1509732, 1509734, 1509735, 1509737, 1509738, 1509740, 1545653, 1545664, 1545660, 1545670, 1545672, 1545674

	Sulfonylureas
	RxNorm codes: 4815, 197737, 261351, 261974, 315987, 315988, 315989, 315991, 315992, 331496, 4821, 317379, 25789, 153591, 153842, 153843, 153845, 199245, 199246, 199247, 315978, 315979, 317637, 647237, 647239, 731457, 731463, 847712

	Dipeptidyl peptidase-4 inhibitors
	RxNorm codes: 2670443, 2670444, 2670445, 2670446, 2670447, 2670448, 2670449, 2670450, 2670451, 1992822, 1992823, 1992824, 1992826, 1992828, 1992829, 1992830, 1992831, 1992832, 1992835, 1992836, 1992837, 2371722, 2371723, 2371724, 2371727, 2371728, 2371729, 2371730

	Primary Outcomes
	

	Hepatocellular carcinoma
	ICD-9 codes: 155.0; ICD-10 codes: C22.0

	All-cause mortality
	Death date recorded in the electronic health record

	Eligibility Criteria
	

	Type 2 diabetes
	ICD-9: 250.00, 250.02, 250.10, 250.12, 250.20, 250.22, 250.30, 250.32, 250.40, 250.42, 250.50, 250.52, 250.60, 250.62, 250.70, 250.72, 250.80, 250.82, 250.90, 250.92; ICD-10: E11.0, E11.1, E11.2, E11.3, E11.4, E11.5, E11.6, E11.7, E11.8, E11.9, E11.21, E11.22, E11.29, E11.30, E11.31, E11.32, E11.39, E11.40, E11.41, E11.42, E11.43, E11.44, E11.49, E11.51, E11.59, E11.61, E11.62, E11.65, E11.69, E11.321, E11.329, E11.341, E11.349

	Type 1 diabetes (exclusion)
	ICD-9: 250.01; ICD-10: E10.0–E10.9

	Pancreatitis (exclusion)
	ICD-9: 577.0, 577.1; ICD-10: K85.0, K85.1, K85.2, K85.3, K85.8, K85.9, K86.0, K86.1

	Gastroparesis (exclusion)
	ICD-9: 536.3; ICD-10: K31.84

	Chronic kidney disease stage 4–5 (exclusion)
	ICD-9: 585.4, 585.5; ICD-10: N18.4, N18.5

	Cirrhosis (exclusion)
	ICD-9: 571.5; ICD-10: K74.6

	Covariates
	

	Overweight/obesity
	ICD-9: 278.0, 278.00, 278.01; ICD-10: E66.0, E66.01, E66.09, E66.1, E66.2, E66.3, E66.8, E66.9

	Hypertension
	ICD-9: 401.0, 401.1, 401.9, 402.0, 402.1, 402.9, 403.0, 403.1, 403.9, 404.0, 404.1, 404.9, 405.0, 405.1, 405.9; ICD-10: I10, I11.0, I11.9, I12.0, I12.9, I13.0, I13.1, I13.9, I15.0, I15.1, I15.2, I15.8, I15.9

	Dyslipidemia
	ICD-9: 272.0–272.9; ICD-10: E78.0–E78.9

	Cardiovascular disease
	ICD-9: 410–414; ICD-10: I20–I25

	MASLD
	ICD-9: 571.8; ICD-10: K76.0

	Cirrhosis (exclusion)
	ICD-9: 571.5; ICD-10: K74.6

	Hepatic failure 
	ICD-9: 570; ICD-10: K72.X

	Liver fibrosis 
	ICD‑9: 571.5; ICD‑10: K74.0–K74.2

	Portal hypertension 
	ICD‑9: 572.3; ICD‑10: K76.6

	Esophageal/gastric varices
	ICD‑9: 456.0–456.2; ICD‑10: I85.X / I86.4

	History of chronic viral hepatitis
	Hepatitis B: ICD‑9: 070.2–070.3; ICD‑10: B18.1 Hepatitis C: ICD‑9: 070.44; ICD‑10: B18.2

	Depression
	ICD-9: 296.2, 296.3, 311; ICD-10: F32, F33

	Polycystic ovary syndrome
	ICD-9: 256.4; ICD-10: E28.2

	Family history of cancer
	ICD-10: Z80.0–Z80.9

	Nicotine dependence	
	ICD-9: 305.1; ICD-10: F17.200, F17.201, F17.210, F17.211, F17.220, F17.221

	Alcohol dependence 
	ICD-9: 303.9x; ICD-10: F10.x

	Prior diagnosis of any cancer
	Breast cancer: ICD-9: 174.0–174.9, 175.0–175.9; ICD-10: C50.0, C50.1, C50.2, C50.3, C50.4, C50.5, C50.6, C50.8, C50.9. Colon cancer: ICD-9: 153.0–153.9; ICD-10: C18.0, C18.1, C18.2, C18.3, C18.4, C18.5, C18.6, C18.7, C18.8, C18.9. Rectal cancer: ICD-9: 154.0, 154.1; ICD-10: C20. Prostate cancer: ICD-9: 185; ICD-10: C61. Kidney cancer: ICD-9: 189.0; ICD-10: C64. Gastric cancer: ICD-9: 151.0–151.9; ICD-10: C16.0–C16.9. Pancreatic cancer: ICD-9: 157.0–157.9; ICD-10: C25.0–C25.9. Esophageal cancer: ICD-9: 150.0–150.9; ICD-10: C15.0–C15.9. Ovarian cancer: ICD-9: 183.0; ICD-10: C56. Endometrial cancer: ICD-9: 182.0, 182.1, 182.8, 182.9; ICD-10: C54.0, C54.1, C54.2, C54.3, C54.8, C54.9. Thyroid cancer: ICD-9: 193; ICD-10: C73. Gallbladder cancer: ICD-9: 156.0; ICD-10: C23. Multiple myeloma: ICD-9: 203.0–203.9; ICD-10: C90.0–C90.9.

	Any oncology therapy
	Chemotherapy: ICD‑9: V58.11; ICD‑10: Z51.11. Radiation therapy: ICD‑9: V58.0; ICD‑10: Z51.0. Immunotherapy: ICD‑9: V58.12; ICD‑10: Z51.12.

	Hepatocellular carcinoma surgery
	Resections: ICD‑10‑PCS: 0FB00ZZ, 0FB03ZZ, 0FB04ZZ, 0FT00ZZ, 0FT04ZZ. Transplant: ICD‑10‑PCS: 0FY00Z0, 0FY00Z1, 0FY00Z2. Ablation: ICD‑10‑PCS: 0F5B0ZZ, 0F5B3ZZ, 0F5B4ZZ.

	Statins
	ATC C10AA (simvastatin, atorvastatin, rosuvastatin, pravastatin, lovastatin, fluvastatin, pitavastatin)

	Long-term Antiplatelet/antithrombotic therapy
	ATC B01AC (aspirin, clopidogrel, prasugrel, ticagrelor, ticlopidine), B01AA (warfarin), B01AB (heparins), B01AE (dabigatran), B01AF (rivaroxaban, apixaban, edoxaban)

	Long-term NSAIDs
	ATC M01A (ibuprofen, naproxen, diclofenac, indomethacin, ketoprofen, meloxicam, celecoxib, etoricoxib, piroxicam, nabumetone)

	Glucocorticoids
	ATC H02AB (prednisone, prednisolone, methylprednisolone, dexamethasone, hydrocortisone, betamethasone, triamcinolone)
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[bookmark: _Toc234162098]Supplementary table 4. Baseline characteristics of GLP-1 RA initiators compared with metformin, and insulin initiators before and after inverse probability of treatment weighting (IPTW). Hepatocellular carcinoma target trial.
	Characteristics 
	Metformin
	GLP-1 RA
	SMD
	SMD after IPTW
	Insulin
	GLP-1 RA
	SMD
	SMD after IPTW

	Total
	24686
	6185
	
	
	21442
	15154
	
	

	GLP-1 RA agent, n (%)
	
	
	NA
	NA
	
	
	NA
	NA

	Semaglutide
	--
	3,131 (50.6)
	
	
	--
	7,676 (50.7)
	
	

	Tirzepatide
	--
	1,280 (20.7)
	
	
	--
	2,889 (19.1)
	
	

	Dulaglutide
	--
	1,013 (16.4)
	
	
	--
	2,661 (17.6)
	
	

	Liraglutide
	--
	587 (9.5)
	
	
	--
	1,464 (9.7)
	
	

	Exenatide
	--
	100 (1.6)
	
	
	--
	314 (2.1)
	
	

	Lixisenatide
	--
	74 (1.2)
	
	
	--
	150 (1.0)
	
	

	Age at time zero, mean (SD)
	61.29 (13.38)
	58.76 (13.02)
	0.192
	0.007
	62.95 (13.68)
	58.07 (12.90)
	0.367
	0.043

	Sex (Males), n, (%)
	12661 (51.3)
	2470 (39.9)
	0.230
	0.012
	12035 (56.1)
	6464 (42.7)
	0.272
	0.015

	Race/Ethnicity, n, (%)
	
	
	0.183
	0.046
	
	
	0.146
	0.014

	White
	13555 (54.9)
	3440 (55.6)
	
	
	13111 (61.1)
	8497 (56.1)
	
	

	Black or African American
	5723 (23.2)
	1689 (27.3)
	
	
	4951 (23.1)
	3489 (23.0)
	
	

	Asian
	1368 (5.5)
	150 (2.4)
	
	
	750 (3.5)
	681 (4.5)
	
	

	Other*
	846 (3.4)
	196 (3.2)
	
	
	720 (3.4)
	545 (3.6)
	
	

	Unknown
	3194 (12.9)
	710 (11.5)
	
	
	1910 (8.9)
	1942 (12.8)
	
	

	Hispanic (%)
	
	
	0.262
	0.056
	
	
	0.198
	0.027

	Yes
	6614 (26.8)
	1002 (16.2)
	
	
	4947 (23.1)
	2770 (18.3)
	
	

	No
	16509 (66.9)
	4728 (76.4)
	
	
	15674 (73.1)
	11200 (73.9)
	
	

	Unknown
	<11** (0.0)
	<11** (0.1)
	
	
	<11** (0.0)
	15 (0.1)
	
	

	T2D duration before time zero, n (%)
	
	
	
	
	
	
	
	

	≥5 years (%)
	3648 (14.8)
	1136 (18.4)
	0.097
	0.044
	3055 (14.2)
	3084 (20.4)
	0.162
	0.029

	Period of treatment initiation, n (%)
	
	
	1.012
	0.233
	
	
	0.849
	0.108

	   ≤2017
	9903 (40.1)
	438 (7.1)
	
	
	8021 (37.4)
	1421 (9.4)
	
	

	   2018-2021
	7726 (31.3)
	1485 (24.0)
	
	
	7296 (34.0)
	4161 (27.5)
	
	

	   ≥2022
	7057 (28.6)
	4262 (68.9)
	
	
	6125 (28.6)
	9572 (63.2)
	
	

	Family history of cancer (Yes vs. No), n (%)
	1756 (7.1)
	820 (13.3)
	0.204
	0.030
	1854 (8.6)
	1954 (12.9)
	0.137
	0.021

	Prior Diagnosis of any cancer (Yes vs. No), n (%)
	3288 (13.3)
	630 (10.2)
	0.097
	0.026
	3806 (17.8)
	1354 (8.9)
	0.261
	0.001

	Overweight/obesity (Yes vs. No), n (%)
	5345 (21.7)
	3145 (50.8)
	0.637
	0.100
	6574 (30.7)
	7182 (47.4)
	0.348
	0.053

	Hypertension (Yes vs. No), n (%)
	16547 (67.0)
	4367 (70.6)
	0.077
	0.037
	17601 (82.1)
	10259 (67.7)
	0.336
	0.035

	Dyslipidemia (Yes vs. No), n (%)
	1157 (4.7)
	195 (3.2)
	0.079
	0.020
	1054 (4.9)
	606 (4.0)
	0.044
	0.001

	Cardiovascular disease (Yes vs. No), n (%)
	454 (1.8)
	87 (1.4)
	0.034
	0.005
	699 (3.3)
	121 (0.8)
	0.175
	0.044

	MASLD (Yes vs. No), n (%)
	2494 (10.1)
	913 (14.8)
	0.142
	0.020
	2423 (11.3)
	2270 (15.0)
	0.109
	0.017

	MASLD duration before time zero (years), mean (SD)
	0.33 (1.48)
	0.52 (1.90)
	0.112
	0.018
	0.27 (1.29)
	0.56 (1.95)
	0.177
	0.018

	Cirrhosis (Yes vs. No), n (%)
	559 (2.3)
	259 (4.2)
	0.109
	0.034
	1024 (4.8)
	310 (2.0)
	0.151
	0.018

	Cirrhosis duration before time zero (years), mean (SD)
	0.05 (0.55)
	0.13 (0.99)
	0.105
	0.028
	0.07 (0.64)
	0.06 (0.70)
	0.016
	<0.001

	Hepatic failure (Yes vs. No), n (%)
	38 (0.2)
	16 (0.3)
	0.023
	0.009
	142 (0.7)
	<11** (0.1)
	0.102
	0.034

	Hepatic failure duration before time zero (years), mean (SD)
	0.00 (0.15)
	0.01 (0.28)
	0.031
	0.010
	0.01 (0.22)
	0.00 (0.13)
	0.032
	0.001

	Liver fibrosis (Yes vs. No), n (%)
	49 (0.2)
	48 (0.8)
	0.083
	0.006
	78 (0.4)
	87 (0.6)
	0.031
	0.003

	Liver fibrosis duration before time zero (years), mean (SD)
	0.00 (0.10)
	0.01 (0.18)
	0.056
	0.007
	0.01 (0.15)
	0.01 (0.16)
	0.016
	0.002

	Portal hypertension (Yes vs. No), n (%)
	209 (0.8)
	153 (2.5)
	0.128
	0.035
	588 (2.7)
	144 (1.0)
	0.133
	0.012

	Portal hypertension duration before time zero (years), mean (SD)
	0.01 (0.22)
	0.05 (0.44)
	0.100
	0.020
	0.02 (0.25)
	0.02 (0.26)
	0.014
	0.006

	Esophageal/gastric varices (Yes vs. No), n (%)
	100 (0.4)
	84 (1.4)
	0.102
	0.022
	276 (1.3)
	70 (0.5)
	0.089
	0.006

	Esophageal/gastric varices duration before time zero (years), mean (SD)
	0.00 (0.14)
	0.02 (0.29)
	0.080
	0.017
	0.01 (0.19)
	0.01 (0.16)
	0.027
	0.008

	History of chronic viral hepatitis (Yes vs. No), n (%)
	289 (1.2)
	88 (1.4)
	0.022
	0.009
	353 (1.6)
	137 (0.9)
	0.066
	0.002

	Depression (Yes vs. No), n (%)
	2514 (10.2)
	1062 (17.2)
	0.204
	0.030
	3768 (17.6)
	2129 (14.0)
	0.097
	0.010

	Polycystic ovary syndrome (Yes vs. No), n (%)
	125 (0.5)
	76 (1.2)
	0.078
	0.002
	82 (0.4)
	300 (2.0)
	0.148
	0.017

	Nicotine dependence (Yes vs. No), n (%)
	3782 (15.3)
	1222 (19.8)
	0.117
	0.028
	6267 (29.2)
	2285 (15.1)
	0.346
	0.026

	Alcohol dependence (Yes vs. No), n (%)
	238 (1.0)
	81 (1.3)
	0.033
	0.006
	421 (2.0)
	124 (0.8)
	0.098
	0.028

	Prior use of metformin (Yes vs. No), n (%)
	NA
	NA
	NA
	NA
	10156 (47.4)
	10099 (66.6)
	0.397
	0.057

	Prior use of insulin (Yes vs. No), n (%)
	4509 (18.3)
	1210 (19.6)
	0.033
	0.041
	NA
	NA
	NA
	NA

	Prior use of SGLT2i (Yes vs. No), n (%)
	347 (1.4)
	323 (5.2)
	0.214
	0.037
	382 (1.8)
	739 (4.9)
	0.173
	0.017

	Prior use of DPP4i (Yes vs. No), n (%)
	2364 (9.6)
	534 (8.6)
	0.033
	0.029
	2095 (9.8)
	2227 (14.7)
	0.151
	0.031

	Prior use of sulfonylureas (Yes vs. No), n (%)
	5065 (20.5)
	935 (15.1)
	0.141
	0.007
	4196 (19.6)
	3454 (22.8)
	0.079
	0.020

	Prior use of statins (Yes vs. No), n (%)
	10556 (42.8)
	2765 (44.7)
	0.039
	0.049
	10156 (47.4)
	7226 (47.7)
	0.006
	0.009

	Prior use of long-term antiplatelet/antithrombotic (Yes vs. No), n (%)
	3578 (14.5)
	1064 (17.2)
	0.074
	0.040
	5562 (25.9)
	1935 (12.8)
	0.338
	0.040

	Prior use of long-term NSAID (Yes vs. No), n (%)
	1851 (7.5)
	700 (11.3)
	0.131
	0.030
	2648 (12.3)
	1764 (11.6)
	0.022
	0.010

	Prior use of glucocorticoids (Yes vs. No), n (%)
	3091 (12.5)
	1032 (16.7)
	0.118
	0.003
	3948 (18.4)
	2012 (13.3)
	0.141
	0.015



SMD, standardized mean difference; GLP-1 RA, glucagon-like peptide-1 receptor agonist; MASLD, metabolic dysfunction–associated steatotic liver disease; T2D, and type 2 diabetes.  Bold text indicates imbalance between comparison groups (SMD >0.10). NA indicates not applicable because balance statistics are not shown for the active comparator within its own comparison cohort. * Includes participants classified as American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or other race. ** In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed.
 


[bookmark: _Toc234162099]Supplementary table 5. Baseline characteristics of GLP-1 RA initiators compared with SGLT2i, DPP4i, and sulfonylureas initiators before and after inverse probability of treatment weighting (IPTW). Hepatocellular carcinoma target trial.
	Characteristics 
	SGLT2i
	GLP-1 RA
	SMD
	SMD after IPTW
	DPP4i
	GLP-1 RA
	SMD
	SMD after IPTW
	Sulfonylureas
	GLP-1 RA
	SMD
	SMD after IPTW

	Total
	1525
	20629
	
	
	6009
	17983
	
	
	9886
	16173
	
	

	GLP-1 RA agent, n (%)
	
	
	NA
	NA
	
	
	NA
	NA
	
	
	NA
	NA

	Semaglutide
	--
	10,108 (49.0)
	
	
	--
	9,033 (50.2)
	
	
	--
	8,171 (50.5)
	
	

	Tirzepatide
	--
	3,412 (16.5)
	
	
	--
	3,231 (18.0)
	
	
	--
	2,967 (18.3)
	
	

	Dulaglutide
	--
	3,790 (18.4)
	
	
	--
	3,101 (17.2)
	
	
	--
	2,706 (16.7)
	
	

	Liraglutide
	--
	2,559 (12.4)
	
	
	--
	2,040 (11.3)
	
	
	--
	1,822 (11.3)
	
	

	Exenatide
	--
	520 (2.5)
	
	
	--
	380 (2.1)
	
	
	--
	335 (2.1)
	
	

	Lixisenatide
	--
	240 (1.2)
	
	
	--
	198 (1.1)
	
	
	--
	172 (1.1)
	
	

	Age at time zero, mean (SD)
	65.85 (12.34)
	58.58 (12.92)
	0.576
	0.078
	65.46 (12.52)
	58.00 (12.96)
	0.585
	0.070
	64.27 (12.46)
	57.82 (13.02)
	0.506
	0.067

	Sex (Males), n, (%)
	914 (59.9)
	8929 (43.3)
	0.338
	0.060
	3100 (51.6)
	7772 (43.2)
	0.169
	0.043
	5277 (53.4)
	6883 (42.6)
	0.219
	0.023

	Race/Ethnicity, n, (%)
	
	
	0.104
	0.056
	
	
	0.194
	0.039
	
	
	0.091
	0.017

	White
	856 (56.1)
	11871 (57.5)
	
	
	3328 (55.4)
	10233 (56.9)
	
	
	5448 (55.1)
	9297 (57.5)
	
	

	Black or African American
	342 (22.4)
	4993 (24.2)
	
	
	1216 (20.2)
	4470 (24.9)
	
	
	2317 (23.4)
	3978 (24.6)
	
	

	Asian
	82 (5.4)
	788 (3.8)
	
	
	426 (7.1)
	653 (3.6)
	
	
	482 (4.9)
	617 (3.8)
	
	

	Other*
	48 (3.1)
	725 (3.5)
	
	
	225 (3.7)
	637 (3.5)
	
	
	370 (3.7)
	543 (3.4)
	
	

	Unknown
	197 (12.9)
	2252 (10.9)
	
	
	814 (13.5)
	1990 (11.1)
	
	
	1269 (12.8)
	1738 (10.7)
	
	

	Hispanic (%)
	
	
	0.071
	0.031
	
	
	0.045
	0.035
	
	
	0.167
	0.032

	Yes
	332 (21.8)
	3906 (18.9)
	
	
	1221 (20.3)
	3404 (18.9)
	
	
	2488 (25.2)
	2991 (18.5)
	
	

	No
	1100 (72.1)
	15442 (74.9)
	
	
	4385 (73.0)
	13426 (74.7)
	
	
	6746 (68.2)
	12168 (75.2)
	
	

	Unknown
	<11** (0.1)
	15 (0.1)
	
	
	<11** (0.0)
	15 (0.1)
	
	
	<11** (0.1)
	15 (0.1)
	
	

	T2D duration before time zero, n (%)
	
	
	
	
	
	
	
	
	
	
	
	

	≥5 years (%)
	452 (29.6)
	5114 (24.8)
	0.109
	0.030
	1236 (20.6)
	4032 (22.4)
	0.045
	0.044
	1755 (17.8)
	3650 (22.6)
	0.120
	0.007

	Period of treatment initiation, n (%)
	
	
	0.283
	0.065
	
	
	0.917
	0.099
	
	
	0.947
	0.072

	   ≤2017
	85 (5.6)
	2552 (12.4)
	
	
	2526 (42.0)
	1830 (10.2)
	
	
	4359 (44.1)
	1652 (10.2)
	
	

	   2018-2021
	384 (25.2)
	6108 (29.6)
	
	
	1938 (32.3)
	5015 (27.9)
	
	
	3048 (30.8)
	4567 (28.2)
	
	

	   ≥2022
	1056 (69.2)
	11969 (58.0)
	
	
	1545 (25.7)
	11138 (61.9)
	
	
	2479 (25.1)
	9954 (61.5)
	
	

	Family history of cancer (Yes vs. No), n (%)
	157 (10.3)
	3058 (14.8)
	0.137
	0.055
	473 (7.9)
	2599 (14.5)
	0.210
	0.033
	672 (6.8)
	2455 (15.2)
	0.270
	0.048

	Prior Diagnosis of any cancer (Yes vs. No), n (%)
	218 (14.3)
	2400 (11.6)
	0.079
	0.032
	849 (14.1)
	2012 (11.2)
	0.089
	0.016
	1474 (14.9)
	1797 (11.1)
	0.113
	0.017

	Overweight/obesity (Yes vs. No), n (%)
	418 (27.4)
	10605 (51.4)
	0.507
	0.201
	1406 (23.4)
	9260 (51.5)
	0.607
	0.085
	2001 (20.2)
	8595 (53.1)
	0.726
	0.064

	Hypertension (Yes vs. No), n (%)
	1196 (78.4)
	15038 (72.9)
	0.129
	0.015
	4388 (73.0)
	12893 (71.7)
	0.030
	0.019
	7057 (71.4)
	11639 (72.0)
	0.013
	0.005

	Dyslipidemia (Yes vs. No), n (%)
	70 (4.6)
	1062 (5.1)
	0.026
	0.022
	390 (6.5)
	776 (4.3)
	0.096
	0.009
	521 (5.3)
	774 (4.8)
	0.022
	0.003

	Cardiovascular disease (Yes vs. No), n (%)
	38 (2.5)
	338 (1.6)
	0.060
	0.034
	178 (3.0)
	262 (1.5)
	0.103
	0.011
	226 (2.3)
	247 (1.5)
	0.056
	0.002

	MASLD (Yes vs. No), n (%)
	164 (10.8)
	3659 (17.7)
	0.201
	0.063
	592 (9.9)
	3116 (17.3)
	0.219
	0.010
	923 (9.3)
	2881 (17.8)
	0.249
	0.022

	MASLD duration before time zero (years), mean (SD)
	0.44 (1.83)
	0.68 (2.12)
	0.121
	0.030
	0.35 (1.53)
	0.65 (2.09)
	0.168
	0.020
	0.31 (1.45)
	0.67 (2.10)
	0.199
	0.009

	Cirrhosis (Yes vs. No), n (%)
	71 (4.7)
	615 (3.0)
	0.087
	0.027
	188 (3.1)
	517 (2.9)
	0.015
	0.011
	283 (2.9)
	469 (2.9)
	0.002
	0.011

	Cirrhosis duration before time zero (years), mean (SD)
	0.09 (0.74)
	0.09 (0.78)
	0.006
	0.003
	0.07 (0.68)
	0.09 (0.77)
	0.025
	0.004
	0.06 (0.61)
	0.09 (0.80)
	0.045
	0.008

	Hepatic failure (Yes vs. No), n (%)
	<11** (0.5)
	33 (0.2)
	0.062
	0.034
	26 (0.4)
	27 (0.2)
	0.052
	0.004
	23 (0.2)
	30 (0.20)
	0.010
	0.015

	Hepatic failure duration before time zero (years), mean (SD)
	0.03 (0.49)
	0.01 (0.23)
	0.057
	0.014
	0.01 (0.24)
	0.01 (0.22)
	0.014
	0.004
	0.01 (0.24)
	0.01 (0.26)
	0.007
	0.008

	Liver fibrosis (Yes vs. No), n (%)
	20 (1.3)
	138 (0.7)
	0.065
	0.003
	13 (0.2)
	119 (0.7)
	0.067
	0.014
	13 (0.1)
	115 (0.70)
	0.090
	0.036

	Liver fibrosis duration before time zero (years), mean (SD)
	0.02 (0.24)
	0.01 (0.19)
	0.031
	0.003
	0.00 (0.08)
	0.01 (0.17)
	0.056
	0.028
	0.00 (0.05)
	0.01 (0.19)
	0.071
	0.030

	Portal hypertension (Yes vs. No), n (%)
	27 (1.80)
	350 (1.70)
	0.006
	0.020
	78 (1.30)
	301 (1.70)
	0.031
	0.016
	117 (1.20)
	288 (1.80)
	0.049
	0.006

	Portal hypertension duration before time zero (years), mean (SD)
	0.02 (0.26)
	0.03 (0.35)
	0.029
	0.033
	0.02 (0.24)
	0.03 (0.34)
	0.044
	0.005
	0.01 (0.20)
	0.03 (0.38)
	0.069
	0.011

	Esophageal/gastric varices (Yes vs. No), n (%)
	<11** (0.50)
	194 (0.90)
	0.058
	0.027
	38 (0.60)
	164 (0.90)
	0.032
	0.008
	56 (0.60)
	153 (0.90)
	0.044
	0.007

	Esophageal/gastric varices duration before time zero (years), mean (SD)
	0.01 (0.14)
	0.02 (0.26)
	0.051
	0.052
	0.01 (0.19)
	0.02 (0.24)
	0.035
	0.014
	0.01 (0.14)
	0.02 (0.26)
	0.056
	0.005

	History of chronic Viral Hepatitis (Yes vs. No), n (%)
	35 (2.3)
	231 (1.1)
	0.091
	0.013
	73 (1.2)
	199 (1.1)
	0.010
	<0.001
	97 (1.0)
	194 (1.2)
	0.021
	0.007

	Depression (Yes vs. No), n (%)
	214 (14.0)
	3682 (17.8)
	0.104
	0.051
	789 (13.1)
	3158 (17.6)
	0.123
	0.012
	909 (9.2)
	2969 (18.4)
	0.268
	0.032

	Polycystic ovary syndrome (Yes vs. No), n (%)
	<11** (0.5)
	402 (1.9)
	0.137
	0.080
	21 (0.3)
	365 (2.0)
	0.155
	0.063
	26 (0.3)
	344 (2.1)
	0.172
	0.035

	Nicotine dependence (Yes vs. No), n (%)
	396 (26.0)
	4088 (19.8)
	0.147
	0.029
	1158 (19.3)
	3421 (19.0)
	0.006
	0.015
	1729 (17.5)
	3147 (19.5)
	0.051
	0.002

	Alcohol dependence (Yes vs. No), n (%)
	22 (1.4)
	251 (1.2)
	0.020
	0.035
	55 (0.9)
	208 (1.2)
	0.024
	0.007
	85 (0.9)
	197 (1.2)
	0.035
	0.005

	Prior use of metformin (Yes vs. No), n (%)
	962 (63.1)
	14004 (67.9)
	0.101
	0.020
	4081 (67.9)
	11611 (64.6)
	0.071
	0.038
	6602 (66.8)
	10306 (63.7)
	0.064
	0.029

	Prior use of insulin (Yes vs. No), n (%)
	454 (29.8)
	4561 (22.1)
	0.175
	0.046
	1444 (24.0)
	3721 (20.7)
	0.080
	0.074
	1893 (19.1)
	3486 (21.6)
	0.060
	0.029

	Prior use of SGLT2i (Yes vs. No), n (%)
	NA
	NA
	NA
	NA
	135 (2.2)
	812 (4.5)
	0.126
	0.030
	199 (2.0)
	705 (4.4)
	0.134
	0.017

	Prior use of DPP4i (Yes vs. No), n (%)
	282 (18.5)
	3350 (16.2)
	0.059
	0.040
	NA
	NA
	NA
	NA
	1545 (15.6)
	1929 (11.9)
	0.108
	0.034

	Prior use of sulfonylureas (Yes vs. No), n (%)
	437 (28.7)
	4889 (23.7)
	0.113
	0.067
	2012 (33.5)
	3565 (19.8)
	0.313
	0.087
	NA
	NA
	NA
	NA

	Prior use of statins (Yes vs. No), n (%)
	918 (60.2)
	10597 (51.4)
	0.178
	0.086
	3004 (50.0)
	8941 (49.7)
	0.005
	0.047
	4565 (46.2)
	8035 (49.7)
	0.070
	0.012

	Prior use of long-term antiplatelet or antithrombotic (Yes vs. No), n (%)
	430 (28.2)
	3521 (17.1)
	0.268
	0.072
	1238 (20.6)
	2937 (16.3)
	0.110
	0.018
	1696 (17.2)
	2634 (16.3)
	0.023
	0.001

	Prior use of long-term NSAID (Yes vs. No), n (%)
	192 (12.6)
	3161 (15.3)
	0.079
	0.041
	876 (14.6)
	2431 (13.5)
	0.031
	0.002
	954 (9.7)
	2338 (14.5)
	0.148
	0.029

	Prior use of glucocorticoids (Yes vs. No), n (%)
	239 (15.7)
	3744 (18.1)
	0.066
	0.037
	1165 (19.4)
	2928 (16.3)
	0.081
	0.018
	1451 (14.7)
	2794 (17.3)
	0.071
	0.019


SMD, standardized mean difference; GLP-1 RA, glucagon-like peptide-1 receptor agonist; MASLD, metabolic dysfunction–associated steatotic liver disease; T2D, and type 2 diabetes.  Bold text indicates imbalance between comparison groups (SMD >0.10). NA indicates not applicable because balance statistics are not shown for the active comparator within its own comparison cohort. * Includes participants classified as American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or other race. ** In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed
.
[bookmark: _Toc234162100]Supplementary table 6. Intention-to-treat adjusted cumulative incidence of hepatocellular carcinoma over 5 years among GLP-1 receptor agonist initiators compared with alternative glucose-lowering medications stratified by sociodemographic and clinical groups.
	Characteristics
	GLP-1 RA (n)
	Comparator (n)
	GLP-1 RA events (n)
	Comparator events (n)
	 GLP‑1 RA  5‑year risk (%) (CI 95%)
	Comparator 5‑year risk (%) (CI 95%)
	RD (95% CI)

	GLP-1 RA vs Metformin
	 
	 
	 
	 
	 
	 
	 

	Overall
	6,185
	24,686
	14
	130
	0.33 (0.12, 0.68)
	0.69 (0.56, 0.85)
	-0.37 (-0.59, -0.08)

	Sex: Male
	2,470
	12,661
	<11*
	84
	0.38 (0.14, 0.73)
	0.70 (0.57, 0.86)
	-0.31 (-0.59, 0.06)

	Sex: Female
	3,715
	12,023
	<11*
	46
	0.09 (0.01, 0.18)
	0.35 (0.23, 0.46)
	-0.27 (-0.38, -0.13)

	Race: White
	3,440
	13,555
	11
	88
	0.44 (0.00, 1.37)
	0.65 (0.45, 0.86)
	-0.21 (-0.83, 0.85)

	Race: Black
	1,689
	5,723
	<11*
	22
	0.20 (0.10, 0.36)
	0.52 (0.42, 0.63)
	-0.31 (-0.49, -0.09)

	Race: Asian
	150
	1,368
	<11*
	11
	0.38 (0.16, 0.70)
	0.65 (0.51, 0.78)
	-0.27 (-0.53, 0.09)

	Hispanic: Yes
	1,002
	6,614
	<11*
	43
	0.10 (0.00, 0.25)
	0.37 (0.21, 0.53)
	-0.26 (-0.44, -0.07)

	Hispanic: No
	4,728
	16,509
	11
	82
	0.59 (0.00, 2.00)
	0.83 (0.35, 1.24)
	-0.24 (-1.13, 1.39)

	Index period: ≤ 2017
	438
	9,903
	<11*
	58
	0.57 (0.00, 1.56)
	0.59 (0.45, 0.72)
	-0.02 (-0.65, 0.93)

	Index period: 2018-2021
	1,485
	7,726
	<11*
	42
	0.17 (0.06, 0.31)
	0.54 (0.39, 0.71)
	-0.38 (-0.56, -0.17)

	Index period: > 2022
	4,262
	7,057
	<11*
	30
	0.26 (0.07, 0.52)
	0.42 (0.27, 0.60)
	-0.16 (-0.44, 0.14)

	T2D duration: <5y
	5,049
	21,038
	<11*
	117
	0.20 (0.09, 0.35)
	0.45 (0.37, 0.55)
	-0.25 (-0.40, -0.08)

	T2D duration: ≥5y
	1,136
	3,648
	<11*
	13
	0.77 (0.00, 2.11)
	1.02 (0.63, 1.43)
	-0.25 (-1.20, 1.16)

	Overweight/Obesity: No
	3,040
	19,341
	<11*
	96
	0.33 (0.10, 0.57)
	0.49 (0.40, 0.58)
	-0.16 (-0.41, 0.10)

	Overweight/Obesity: Yes
	3,145
	5,345
	<11*
	34
	0.35 (0.07, 0.70)
	0.63 (0.46, 0.92)
	-0.28 (-0.71, 0.12)

	MASLD: No
	5,272
	22,192
	11
	102
	0.23 (0.09, 0.44)
	0.46 (0.36, 0.55)
	-0.23 (-0.40, -0.02)

	MASLD: Yes
	913
	2,494
	<11*
	28
	0.60 (0.14, 1.21)
	0.96 (0.65, 1.35)
	-0.37 (-1.02, 0.42)

	Prior cancer: No
	5,555
	21,398
	<11*
	98
	0.25 (0.08, 0.52)
	0.55 (0.43, 0.63)
	-0.30 (-0.50, -0.02)

	Prior cancer: Yes
	630
	3,288
	<11*
	32
	0.40 (0.11, 0.80)
	0.41 (0.19, 0.62)
	-0.02 (-0.39, 0.49)

	Advanced liver disease: No
	5,879
	24,053
	<11*
	86
	0.11 (0.02, 0.20)
	0.34 (0.26, 0.41)
	-0.24 (-0.34, -0.14)

	Advanced liver disease: Yes
	306
	633
	<11*
	44
	4.50 (1.56, 8.27)
	5.89 (4.60, 7.52)
	-1.39 (-5.65, 2.83)

	History of Viral Hepatitis: No
	6,097
	24,397
	13
	118
	0.21 (0.10, 0.34)
	0.48 (0.40, 0.59)
	-0.27 (-0.41, -0.10)

	History of Viral Hepatitis: Yes
	88
	289
	<11*
	12
	5.35 (0.00, 18.12)
	4.48 (2.27, 6.75)
	0.86 (-6.29, 13.99)

	Liver burden: 0 conditions
	5,105
	21,777
	<11*
	73
	0.12 (0.03, 0.23)
	0.32 (0.24, 0.40)
	-0.20 (-0.32, -0.08)

	Liver burden: 1 condition
	857
	2,537
	<11*
	26
	0.52 (0.00, 1.63)
	0.96 (0.61, 1.39)
	-0.44 (-1.22, 0.73)

	Liver burden: ≥2 conditions
	223
	372
	<11*
	31
	4.19 (1.05, 8.39)
	6.92 (4.76, 9.17)
	-2.73 (-6.89, 2.04)

	GLP-1 RA vs Insulin
	 
	 
	 
	 
	 
	 
	 

	Overall
	15,154
	21,442
	13
	113
	0.16 (0.06, 0.26)
	0.68 (0.53, 0.86)
	-0.52 (-0.74, -0.35)

	Sex: Male
	6,464
	12,035
	<11*
	65
	0.13 (0.05, 0.21)
	0.50 (0.37, 0.61)
	-0.37 (-0.51, -0.21)

	Sex: Female
	8,690
	9,406
	<11*
	48
	0.07 (0.02, 0.14)
	0.42 (0.32, 0.54)
	-0.35 (-0.49, -0.20)

	Race: White
	8,497
	13,111
	<11*
	76
	0.02 (0.00, 0.06)
	0.56 (0.39, 0.75)
	-0.54 (-0.73, -0.37)

	Race: Black
	3,489
	4,951
	<11*
	18
	0.12 (0.05, 0.20)
	0.45 (0.35, 0.56)
	-0.33 (-0.47, -0.21)

	Race: Asian
	681
	750
	<11*
	<11*
	0.10 (0.04, 0.16)
	0.50 (0.37, 0.60)
	-0.40 (-0.52, -0.25)

	Hispanic: Yes
	2,770
	4,947
	<11*
	34
	0.12 (0.00, 0.35)
	0.39 (0.24, 0.63)
	-0.27 (-0.51, 0.01)

	Hispanic: No
	11,200
	15,674
	12
	77
	0.13 (0.00, 0.44)
	0.84 (0.09, 1.78)
	-0.71 (-1.69, 0.03)

	Index period: ≤ 2017
	1,421
	8,021
	<11*
	50
	0.05 (0.00, 0.15)
	0.61 (0.43, 0.81)
	-0.56 (-0.77, -0.37)

	Index period: 2018-2021
	4,161
	7,296
	<11*
	37
	0.11 (0.02, 0.22)
	0.47 (0.34, 0.60)
	-0.36 (-0.53, -0.17)

	Index period: > 2022
	9,572
	6,125
	<11*
	26
	0.10 (0.03, 0.18)
	0.37 (0.23, 0.55)
	-0.28 (-0.46, -0.10)

	T2D duration: <5y
	12,070
	18,387
	<11*
	96
	0.10 (0.04, 0.19)
	0.41 (0.33, 0.51)
	-0.31 (-0.43, -0.18)

	T2D duration: ≥5y
	3,084
	3,055
	<11*
	17
	0.14 (0.00, 0.32)
	0.73 (0.46, 1.15)
	-0.60 (-1.07, -0.29)

	Overweight/Obesity: No
	7,972
	14,868
	<11*
	68
	0.09 (0.04, 0.16)
	0.41 (0.31, 0.50)
	-0.32 (-0.42, -0.23)

	Overweight/Obesity: Yes
	7,182
	6,574
	<11*
	45
	0.12 (0.03, 0.22)
	0.54 (0.37, 0.72)
	-0.42 (-0.63, -0.23)

	MASLD: No
	12,884
	19,019
	<11*
	88
	0.10 (0.04, 0.19)
	0.40 (0.32, 0.50)
	-0.30 (-0.42, -0.18)

	MASLD: Yes
	2,270
	2,423
	<11*
	25
	0.09 (0.00, 0.24)
	0.78 (0.49, 1.03)
	-0.69 (-0.99, -0.33)

	Prior cancer: No
	13,800
	17,636
	11
	84
	0.07 (0.03, 0.12)
	0.43 (0.35, 0.52)
	-0.36 (-0.46, -0.27)

	Prior cancer: Yes
	1,354
	3,806
	<11*
	29
	0.20 (0.03, 0.47)
	0.63 (0.34, 0.95)
	-0.43 (-0.75, -0.05)

	Advanced liver disease: No
	14,762
	20,254
	<11*
	66
	0.05 (0.02, 0.08)
	0.30 (0.20, 0.38)
	-0.25 (-0.32, -0.16)

	Advanced liver disease: Yes
	392
	1,188
	<11*
	47
	1.01 (0.33, 1.77)
	3.77 (2.95, 4.81)
	-2.76 (-3.96, -1.49)

	History of Viral Hepatitis: No
	15,017
	21,089
	12
	100
	0.08 (0.04, 0.13)
	0.41 (0.34, 0.50)
	-0.33 (-0.43, -0.24)

	History of Viral Hepatitis: Yes
	137
	353
	<11*
	13
	0.55 (0.00, 1.88)
	3.21 (1.58, 5.52)
	-2.66 (-4.75, -0.75)

	Liver burden: 0 conditions
	12,713
	18,167
	<11*
	56
	0.05 (0.01, 0.09)
	0.30 (0.22, 0.37)
	-0.25 (-0.32, -0.17)

	Liver burden: 1 condition
	2,150
	2,528
	<11*
	17
	0.36 (0.10, 0.89)
	0.51 (0.30, 0.75)
	-0.14 (0.50, 0.42)

	Liver burden: ≥2 conditions
	291
	747
	<11*
	40
	0.60 (0.00, 1.34)
	4.66 (3.54, 6.42)
	-4.06 (-5.73, -2.73)

	GLP-1 RA vs SGLT2i
	 
	 
	 
	 
	 
	 
	 

	Overall
	20,629
	1,525
	54
	<11*
	0.41 (0.25, 0.57)
	1.30 (0.40, 2.46)
	-0.89 (-2.02, 0.04)

	Sex: Male
	8,929
	914
	30
	<11*
	0.34 (0.24, 0.44)
	1.10 (0.40, 2.05)
	-0.75 (-1.66, -0.04)

	Sex: Female
	11,700
	611
	24
	<11*
	0.21 (0.12, 0.28)
	0.00 (0.00, 0.00)
	0.21 (0.12, 0.28)

	Race: White
	11,871
	856
	40
	<11*
	0.38 (0.18, 0.55)
	0.98 (0.00, 3.00)
	-0.60 (-2.69, 0.43)

	Race: Black
	4,993
	342
	<11*
	<11*
	0.24 (0.16, 0.31)
	0.53 (0.13, 0.91)
	-0.29 (-0.69, 0.11)

	Race: Asian
	788
	82
	<11*
	<11*
	0.35 (0.27, 0.47)
	0.99 (0.30, 1.75)
	-0.65 (-1.40, 0.01)

	Hispanic: Yes
	3,906
	332
	15
	<11*
	0.16 (0.06, 0.27)
	0.08 (0.00, 0.28)
	0.08 (-0.08, 0.24)

	Hispanic: No
	15,442
	1,100
	37
	<11*
	0.13 (0.00, 0.37)
	0.58 (0.00, 1.89)
	-0.46 (-1.77, 0.30)

	Index period: ≤ 2017
	2,552
	85
	<11*
	<11*
	0.34 (0.12, 0.62)
	1.42 (0.00, 4.39)
	-1.09 (-4.08, 0.53)

	Index period: 2018-2021
	6,108
	384
	23
	<11*
	0.40 (0.23, 0.54)
	0.59 (0.06, 1.21)
	-0.19 (-0.83, 0.36)

	Index period: > 2022
	11,969
	1,056
	23
	<11*
	0.19 (0.13, 0.27)
	0.31 (0.02, 0.74)
	-0.12 (-0.52, 0.22)

	T2D duration: <5y
	15,515
	1,073
	37
	<11*
	0.23 (0.17, 0.31)
	0.37 (0.14, 0.70)
	-0.14 (-0.49, 0.11)

	T2D duration: ≥5y
	5,114
	452
	17
	<11*
	0.43 (0.25, 0.59)
	1.04 (0.22, 2.48)
	-0.61 (-2.00, 0.28)

	Overweight/Obesity: No
	10,024
	1,107
	23
	<11*
	0.23 (0.15, 0.33)
	0.53 (0.16, 0.88)
	-0.30 (-0.66, 0.06)

	Overweight/Obesity: Yes
	10,605
	418
	31
	<11*
	0.31 (0.20, 0.41)
	0.69 (0.05, 1.99)
	-0.38 (-1.69, 0.29)

	MASLD: No
	16,970
	1,361
	38
	<11*
	0.19 (0.13, 0.26)
	0.66 (0.24, 1.10)
	-0.47 (-0.92, -0.02)

	MASLD: Yes
	3,659
	164
	16
	<11*
	0.81 (0.46, 1.14)
	0.00 (0.00, 0.00)
	0.81 (0.46, 1.14)

	Prior cancer: No
	18,229
	1,307
	35
	<11*
	0.25 (0.18, 0.34)
	0.42 (0.17, 0.83)
	-0.18 (-0.57, 0.11)

	Prior cancer: Yes
	2,400
	218
	19
	<11*
	0.33 (0.18, 0.53)
	0.86 (0.00, 1.99)
	-0.52 (-1.67, 0.35)

	Advanced liver disease: No
	19,868
	1,436
	30
	<11*
	0.15 (0.10, 0.20)
	0.22 (0.01, 0.53)
	-0.07 (-0.39, 0.13)

	Advanced liver disease: Yes
	761
	89
	24
	<11*
	3.10 (1.96, 4.01)
	9.45 (3.06, 17.54)
	-6.35 (-13.85, 0.20)

	History of Viral Hepatitis: No
	20,398
	1,490
	51
	<11*
	0.25 (0.19, 0.32)
	0.43 (0.12, 0.74)
	-0.17 (-0.54, 0.17)

	History of Viral Hepatitis: Yes
	231
	35
	<11*
	<11*
	1.16 (0.18, 2.59)
	5.78 (0.00, 19.11)
	-4.62 (-17.81, 1.66)

	Liver burden: 0 conditions
	16,623
	1,294
	25
	<11*
	0.15 (0.10, 0.23)
	0.24 (0.00, 0.67)
	-0.09 (-0.52, 0.15)

	Liver burden: 1 condition
	3,418
	185
	10
	<11*
	0.31 (0.15, 0.48)
	0.28 (0.00, 0.68)
	0.04 (-0.42, 0.39)

	Liver burden: ≥2 conditions
	588
	46
	19
	<11*
	3.11 (1.91, 4.60)
	12.67 (0.78, 27.23)
	-9.56 (-24.90, 2.10)

	GLP-1 RA vs DPP4i
	 
	 
	 
	 
	 
	 
	 

	Overall
	17,983
	6,009
	40
	43
	0.37 (0.23, 0.54)
	0.74 (0.46, 1.04)
	-0.37 (-0.70, -0.06)

	Sex: Male
	7,772
	3,100
	19
	27
	0.30 (0.19, 0.46)
	0.72 (0.40, 1.11)
	-0.43 (-0.85, -0.06)

	Sex: Female
	10,211
	2,908
	21
	16
	0.24 (0.15, 0.32)
	0.33 (0.16, 0.54)
	-0.10 (-0.31, 0.10)

	Race: White
	10,233
	3,328
	28
	32
	0.43 (0.18, 0.66)
	0.80 (0.34, 1.45)
	-0.37 (-1.07, 0.21)

	Race: Black
	4,470
	1,216
	<11*
	<11*
	0.20 (0.13, 0.28)
	0.47 (0.27, 0.77)
	-0.27 (-0.56, -0.04)

	Race: Asian
	653
	426
	<11*
	<11*
	0.31 (0.20, 0.43)
	0.70 (0.44, 1.27)
	-0.39 (-0.97, -0.07)

	Hispanic: Yes
	3,404
	1,221
	11
	12
	0.14 (0.05, 0.23)
	0.22 (0.02, 0.55)
	-0.08 (-0.43, 0.12)

	Hispanic: No
	13,426
	4,385
	28
	30
	0.23 (0.00, 0.53)
	0.38 (0.00, 1.12)
	-0.15 (-0.93, 0.40)

	Index period: ≤ 2017
	1,830
	2,526
	<11*
	24
	0.23 (0.04, 0.47)
	0.77 (0.50, 1.12)
	-0.54 (-0.93, -0.22)

	Index period: 2018-2021
	5,015
	1,938
	17
	14
	0.39 (0.20, 0.58)
	0.59 (0.36, 0.89)
	-0.20 (-0.54, 0.15)

	Index period: > 2022
	11,138
	1,545
	18
	<11*
	0.16 (0.10, 0.22)
	0.41 (0.06, 1.14)
	-0.25 (-0.97, 0.09)

	T2D duration: <5y
	13,951
	4,773
	30
	38
	0.21 (0.14, 0.30)
	0.52 (0.33, 0.75)
	-0.31 (-0.53, -0.09)

	T2D duration: ≥5y
	4,032
	1,236
	<11*
	<11*
	0.47 (0.25, 0.71)
	0.43 (0.14, 1.02)
	0.04 (-0.54, 0.40)

	Overweight/Obesity: No
	8,723
	4,603
	19
	<11*
	0.24 (0.14, 0.39)
	0.50 (0.32, 0.74)
	-0.26 (-0.50, -0.01)

	Overweight/Obesity: Yes
	9,260
	1,406
	21
	<11*
	0.25 (0.15, 0.36)
	0.57 (0.16, 1.18)
	-0.32 (-0.99, 0.08)

	MASLD: No
	14,867
	5,417
	27
	<11*
	0.20 (0.13, 0.29)
	0.48 (0.30, 0.77)
	-0.28 (-0.59, -0.09)

	MASLD: Yes
	3,116
	592
	13
	<11*
	0.69 (0.38, 1.06)
	0.69 (0.21, 1.30)
	0.00 (-0.66, 0.63)

	Prior cancer: No
	15,971
	5,160
	25
	<11*
	0.24 (0.16, 0.35)
	0.56 (0.34, 0.87)
	-0.32 (-0.67, -0.08)

	Prior cancer: Yes
	2,012
	849
	15
	<11*
	0.26 (0.11, 0.45)
	0.25 (0.05, 0.46)
	0.02 (-0.27, 0.27)

	Advanced liver disease: No
	17,333
	5,787
	24
	22
	0.17 (0.10, 0.24)
	0.25 (0.13, 0.36)
	-0.08 (-0.21, 0.07)

	Advanced liver disease: Yes
	650
	222
	16
	21
	2.76 (1.56, 4.39)
	7.33 (3.84, 12.70)
	-4.57 (-10.49, -0.30)

	History of Viral Hepatitis: No
	17,784
	5,936
	37
	40
	0.23 (0.14, 0.33)
	0.46 (0.28, 0.66)
	-0.23 (-0.42, -0.01)

	History of Viral Hepatitis: Yes
	199
	73
	<11*
	<11*
	1.51 (0.00, 3.66)
	3.32 (0.00, 7.10)
	-1.81 (-6.24, 2.02)

	Liver burden: 0 conditions
	14,574
	5,265
	19
	21
	0.16 (0.09, 0.25)
	0.27 (0.14, 0.39)
	-0.11 (-0.26, 0.04)

	Liver burden: 1 condition
	2,903
	620
	<11*
	13
	0.35 (0.14, 0.61)
	1.08 (0.44, 2.28)
	-0.73 (-1.88, 0.04)

	Liver burden: ≥2 conditions
	506
	124
	13
	<11*
	2.86 (1.54, 4.47)
	4.24 (1.60, 7.43)
	-1.38 (-4.78, 2.20)

	GLP-1 RA vs Sulfonylureas
	 
	 
	 
	 
	 
	 
	 

	Overall
	16,173
	9,886
	37
	66
	0.38 (0.22, 0.63)
	0.77 (0.57, 1.02)
	-0.39 (-0.64, -0.13)

	Sex: Male
	6,883
	5,277
	17
	44
	0.25 (0.11, 0.39)
	0.69 (0.52, 0.89)
	-0.44 (-0.73, -0.19)

	Sex: Female
	9,290
	4,607
	20
	22
	0.24 (0.14, 0.37)
	0.37 (0.18, 0.60)
	-0.13 (-0.38, 0.13)

	Race: White
	9,297
	5,448
	25
	45
	0.33 (0.19, 0.50)
	0.59 (0.41, 0.77)
	-0.26 (-0.49, 0.03)

	Race: Black
	3,978
	2,317
	<11*
	<11*
	0.14 (0.05, 0.24)
	0.37 (0.09, 0.81)
	-0.23 (-0.68, 0.09)

	Race: Asian
	617
	482
	<11*
	<11*
	0.31 (0.00, 0.85)
	1.41 (0.41, 3.05)
	-1.10 (-2.83, 0.22)

	Hispanic: Yes
	2,991
	2,488
	<11*
	28
	0.38 (0.13, 0.75)
	1.06 (0.68, 1.48)
	-0.68 (-1.19, -0.11)

	Hispanic: No
	12,168
	6,746
	26
	37
	0.19 (0.11, 0.26)
	0.40 (0.26, 0.56)
	-0.21 (-0.39, -0.05)

	Index period: ≤ 2017
	1,652
	4,359
	<11*
	27
	0.40 (0.07, 1.04)
	0.59 (0.39, 0.82)
	-0.19 (-0.65, 0.37)

	Index period: 2018-2021
	4,567
	3,048
	14
	27
	0.29 (0.16, 0.45)
	0.91 (0.57, 1.27)
	-0.63 (-1.05, -0.21)

	Index period: > 2022
	9,954
	2,479
	18
	12
	0.19 (0.11, 0.26)
	0.32 (0.13, 0.50)
	-0.13 (-0.31, 0.04)

	T2D duration: <5y
	12,523
	8,131
	27
	60
	0.26 (0.14, 0.36)
	0.59 (0.45, 0.77)
	-0.34 (-0.49, -0.17)

	T2D duration: ≥5y
	3,650
	1,755
	<11*
	<11*
	0.25 (0.13, 0.43)
	0.34 (0.12, 0.61)
	-0.09 (-0.42, 0.24)

	Overweight/Obesity: No
	7,578
	7,885
	16
	52
	0.24 (0.13, 0.36)
	0.60 (0.46, 0.77)
	-0.36 (-0.57, -0.16)

	Overweight/Obesity: Yes
	8,595
	2,001
	21
	14
	0.30 (0.19, 0.46)
	0.44 (0.25, 0.70)
	-0.14 (-0.48, 0.14)

	MASLD: No
	13,292
	8,963
	26
	55
	0.19 (0.13, 0.28)
	0.52 (0.39, 0.68)
	-0.33 (-0.49, -0.17)

	MASLD: Yes
	2,881
	923
	11
	11
	0.51 (0.22, 0.93)
	0.58 (0.28, 1.01)
	-0.07 (-0.62, 0.49)

	Prior cancer: No
	14,376
	8,412
	24
	53
	0.19 (0.11, 0.30)
	0.47 (0.34, 0.62)
	-0.27 (-0.43, -0.11)

	Prior cancer: Yes
	1,797
	1,474
	13
	13
	0.71 (0.31, 1.21)
	0.72 (0.36, 1.07)
	-0.01 (-0.49, 0.55)

	Advanced liver disease: No
	15,576
	9,568
	19
	39
	0.12 (0.06, 0.17)
	0.34 (0.22, 0.44)
	-0.22 (-0.33, -0.10)

	Advanced liver disease: Yes
	597
	318
	18
	27
	4.49 (2.09, 6.84)
	5.39 (3.48, 8.05)
	-0.90 (-4.15, 2.11)

	History of Viral Hepatitis: No
	15,979
	9,789
	34
	61
	0.22 (0.15, 0.30)
	0.47 (0.36, 0.61)
	-0.26 (-0.37, -0.13)

	History of Viral Hepatitis: Yes
	194
	97
	<11*
	<11*
	2.66 (0.36, 6.80)
	3.47 (1.01, 7.08)
	-0.81 (-6.07, 4.26)

	Liver burden: 0 conditions
	13,016
	8,736
	16
	34
	0.12 (0.07, 0.18)
	0.32 (0.20, 0.46)
	-0.20 (-0.34, -0.07)

	Liver burden: 1 condition
	2,690
	963
	<11*
	19
	0.51 (0.08, 1.02)
	0.89 (0.52, 1.30)
	-0.39 (-1.00, 0.21)

	Liver burden: ≥2 conditions
	467
	187
	14
	13
	3.23 (1.46, 5.14)
	4.60 (2.12, 7.50)
	-1.37 (-4.59, 2.16)


GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors MASLD, metabolic dysfunction–associated steatotic liver disease; T2D, and type 2 diabetes.  Advanced liver disease included liver fibrosis, cirrhosis, hepatic failure, portal hypertension, and esophageal/gastric varices. Liver burden was defined as a cumulative score based on the number of individual components of advanced chronic liver disease plus MASLD. The target trial was re-specified by baseline status; propensity scores and IPTW were re-estimated after excluding the stratification variable from the propensity score model, and outcome models were re-estimated within each stratum.
*	In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed.




[bookmark: _Toc234162101]Supplementary table 7. Adherence and treatment discontinuation under the per-protocol definition (90-day grace) across target trial comparisons

	Target trial
	Treatment
	Sample size (n)
	Adherent (n)
	Discontinued (n)
	Adherence (%)
	Discontinuation (%)

	Incidence
	 
	 
	 
	 
	 
	 

	GLP-1 RA vs Metformin
	Metformin
	24686
	3844
	20842
	15.6
	84.4

	
	GLP-1 RA
	6185
	2043
	4142
	33
	67.0

	GLP-1 RA vs Insulin
	Insulin
	21442
	4345
	17097
	20.3
	79.7

	
	GLP-1 RA
	15154
	5048
	10106
	33.3
	66.7

	GLP-1 RA vs SGLT2i
	SGLT2i
	1525
	331
	1194
	21.7
	78.3

	
	GLP-1 RA
	20629
	6492
	14137
	31.5
	68.5

	GLP-1 RA vs DPP4i
	DPP4i
	6009
	765
	5244
	12.7
	87.3

	
	GLP-1 RA
	17983
	5758
	12225
	32
	68.0

	GLP-1 RA vs Sulfonylureas
	Sulfonylureas
	9886
	1267
	8619
	12.8
	87.2

	
	GLP-1 RA
	16173
	5277
	10896
	32.6
	67.4

	Mortality 
	 
	 
	 
	 
	 
	 

	GLP-1 RA vs Metformin
	Metformin
	169
	29
	140
	17.2
	82.8

	
	GLP-1 RA
	84
	32
	52
	38.1
	61.9

	GLP-1 RA vs Insulin
	Insulin
	387
	136
	251
	35.1
	64.9

	
	GLP-1 RA
	51
	21
	30
	41.2
	58.8

	GLP-1 RA vs SGLT2i
	SGLT2i
	16
	8
	8
	50
	50.0

	
	GLP-1 RA
	148
	52
	96
	35.1
	64.9

	GLP-1 RA vs DPP4i
	DPP4i
	58
	12
	46
	20.7
	79.3

	
	GLP-1 RA
	131
	46
	85
	35.1
	64.9

	GLP-1 RA vs Sulfonylureas
	Sulfonylureas
	63
	10
	53
	15.9
	84.1

	 
	GLP-1 RA
	128
	46
	82
	35.9
	64.1


GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors.





[bookmark: _Toc234162102]Supplementary table 8. Sensitivity analyses of per-protocol estimates for hepatocellular carcinoma incidence and all-cause mortality.
	Comparator
	Hepatocellular carcinoma risk
	 
	All-cause mortality

	
	Sample size (n)
	Events (n)
	5-year risk (%) (95% CI)
	RD (%) (95% CI)
	
	Sample size (n)
	Deaths (n)
	5-year mortality (%) (95% CI)
	RD (%) (95% CI)

	No grace
	
	
	
	
	
	
	
	
	

	Metformin
	24,686
	37
	0.73 (0.41, 1.09)
	Ref
	
	169
	<11*
	NE
	NE

	GLP-1 RA
	6,185
	5
	0.29 (0.04, 0.70)
	-0.44 (-0.90, 0.06)
	
	84
	<11*
	NE
	NE

	Insulin
	21,442
	55
	1.20 (0.85, 1.60)
	Ref
	
	387
	<11*
	NE
	NE

	GLP-1 RA
	15,154
	<11*
	0.08 (0.01, 0.20)
	-1.12 (-1.52, -0.76)
	
	51
	<11*
	NE
	NE

	SGLT2i
	1,525
	<11*
	1.99 (0.14, 4.79)
	Ref
	
	16
	<11*
	NE
	NE

	GLP-1 RA
	20,629
	24
	0.35 (0.18, 0.57)
	-1.64 (-4.52, 0.18)
	
	148
	<11*
	NE
	NE

	DPP4i
	6,009
	18
	1.40 (0.75, 2.32)
	Ref
	
	58
	<11*
	NE
	NE

	GLP-1 RA
	17,983
	18
	0.32 (0.13, 0.62)
	-1.08 (-1.98, -0.41)
	
	131
	<11*
	NE
	NE

	Sulfonylureas
	9,886
	17
	0.84 (0.40, 1.41)
	Ref
	
	63
	<11*
	NE
	NE

	GLP-1 RA
	16,173
	19
	0.22 (0.10, 0.38)
	-0.62 (-1.15, -0.18)
	
	128
	<11*
	NE
	NE

	Grace 180 days
	
	
	
	
	
	
	
	
	

	Metformin
	24,686
	80
	0.78 (0.55, 1.02)
	Ref
	
	169
	23
	7.99 (1.06, 23.66)
	Ref

	GLP-1 RA
	6,185
	<11*
	0.22 (0.04, 0.45)
	-0.56 (-0.84, -0.28)
	
	84
	<11*
	4.46 (0.34, 14.90)
	-3.53 (-16.93, 5.53)

	Insulin
	21,442
	73
	1.07 (0.78, 1.42)
	Ref
	
	387
	125
	32.29 (19.73, 46.81)
	Ref

	GLP-1 RA
	15,154
	<11*
	0.17 (0.05, 0.37)
	-0.90 (-1.28, -0.57)
	
	51
	<11*
	19.69 (0.00, 50.91)
	-12.60 (-41.91, 19.60)

	SGLT2i
	1,525
	<11*
	1.27 (0.31, 2.80)
	Ref
	
	16
	<11*
	30.56 (1.89, 83.07)
	Ref

	GLP-1 RA
	20,629
	33
	0.36 (0.19, 0.54)
	-0.91 (-2.46, -0.02)
	
	148
	<11*
	3.69 (0.35, 8.58)
	-26.87 (-75.88, 1.38)

	DPP4i
	6,009
	27
	1.00 (0.61, 1.55)
	Ref
	
	58
	11
	14.07 (1.62, 38.38)
	Ref

	GLP-1 RA
	17,983
	27
	0.28 (0.16, 0.42)
	-0.73 (-1.30, -0.26)
	
	131
	<11*
	15.04 (1.47, 45.45)
	0.97 (-17.13, 17.55)

	Sulfonylureas
	9,886
	46
	1.34 (0.82, 2.03)
	Ref
	
	63
	12
	6.47 (0.28, 30.55)
	Ref

	GLP-1 RA
	16,173
	26
	0.23 (0.14, 0.37)
	-1.11 (-1.80, -0.66)
	
	128
	<11*
	9.29 (1.12, 23.91)
	2.82 (-26.18, 19.40)

	Post-index time-varying
	
	
	
	
	
	
	
	
	

	Metformin
	24,686
	37
	0.73 (0.43, 1.09)
	Ref
	
	169
	14
	28.38 (0.91, 82.00)
	Ref

	GLP-1 RA
	6,185
	<11*
	0.28 (0.04, 0.70)
	-0.45 (-0.89, -0.02)
	
	84
	<11*
	1.17 (0.08, 2.46)
	-27.22 (-79.93, -0.28)

	Insulin
	21,442
	55
	1.20 (0.88, 1.58)
	Ref
	
	387
	106
	3.01 (0.00, 23.86)
	Ref

	GLP-1 RA
	15,154
	<11*
	0.08 (0.01, 0.16)
	-1.12 (-1.48, -0.82)
	
	51
	<11*
	3.28 (0.00, 59.24)
	0.27 (-19.32, 17.67)

	SGLT2i
	1,525
	<11*
	1.95 (0.09, 4.79)
	Ref
	
	16
	<11*
	2.23 (0.00, 14.32)
	Ref

	GLP-1 RA
	20,629
	24
	0.36 (0.18, 0.57)
	-1.59 (-4.50, 0.20)
	
	148
	<11*
	1.47 (0.00, 12.44)
	-0.76 (-8.41, 2.74)

	DPP4i
	6,009
	18
	1.43 (0.75, 2.27)
	Ref
	
	58
	<11*
	11.37 (0.46, 44.93)
	Ref

	GLP-1 RA
	17,983
	18
	0.32 (0.14, 0.58)
	-1.11 (-1.96, -0.36)
	
	131
	<11*
	1.63 (0.19, 3.88)
	-9.74 (-43.38, 0.13)

	Sulfonylureas
	9,886
	17
	0.85 (0.43, 1.42)
	Ref
	
	63
	<11*
	0.02 (0.00, 0.30)
	Ref

	GLP-1 RA
	16,173
	19
	0.23 (0.11, 0.44)
	-0.62 (-1.18, -0.21)
	 
	128
	<11*
	0.13 (0.00, 1.77)
	0.11 (-0.03, 1.64)


GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors; RD, risk difference; CI, confidence interval. NE: the causal effect could not be estimated because of sparse events. * In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed.
[bookmark: _Toc234162103]Supplementary table 9. Absolute risks and risk differences for hepatocellular carcinoma in the 2-year lag sensitivity and 3-year risk analyses across target trial comparisons
	Comparator
	Sample size (n)
	Events (n)
	5-year risk (%) (95% CI)
	RD (%) (95% CI)

	Two-year lag analysis
	 
	 
	 
	 

	Metformin
	24,686
	40
	0.38 (0.06, 0.96)
	Ref

	GLP-1 RA
	6,185
	<11*
	0.32 (0.23, 0.41)
	-0.06 (-0.26, 0.66)

	Insulin
	21,442
	31
	0.28 (0.18, 0.38)
	Ref

	GLP-1 RA
	15,154
	<11*
	0.08 (0.01, 0.17)
	-0.19 (-0.33, -0.07)

	SGLT2i
	1,525
	<11*
	1.15 (0.00, 2.67)
	Ref

	GLP-1 RA
	20,629
	17
	0.24 (0.11, 0.37)
	-0.90 (-2.51, 0.25)

	DPP4i
	6,009
	<11*
	0.22 (0.08, 0.37)
	Ref

	GLP-1 RA
	17,983
	12
	0.13 (0.04, 0.25)
	-0.09 (-0.09, 0.26)

	Sulfonylureas
	9,886
	17
	0.33 (0.14, 0.65)
	Ref

	GLP-1 RA
	16,173
	12
	0.27 (0.14, 0.42)
	-0.06 (-0.23, 0.38)

	3-year risk analysis
	Sample size (n)
	Events (n)
	3-year risk (%) (95% CI)
	RD (%) (95% CI)

	Metformin
	24,686
	110
	0.54 (0.46, 0.65)
	Ref

	GLP-1 RA
	6,185
	12
	0.26 (0.10, 0.47)
	-0.28 (-0.50, -0.06)

	Insulin
	21,442
	96
	0.50 (0.40, 0.62)
	Ref

	GLP-1 RA
	15,154
	11
	0.12 (0.05, 0.19)
	-0.38 (-0.53, -0.25)

	SGLT2i
	1,525
	<11*
	0.95 (0.28, 1.76)
	Ref

	GLP-1 RA
	20,629
	45
	0.30 (0.22, 0.40)
	-0.65 (-1.45, 0.03)

	DPP4i
	6,009
	42
	0.63 (0.38, 0.91)
	Ref

	GLP-1 RA
	17,983
	33
	0.31 (0.19, 0.43)
	-0.32 (-0.61, -0.05)

	Sulfonylureas
	9,886
	55
	0.60 (0.43, 0.82)
	Ref

	GLP-1 RA
	16,173
	31
	0.29 (0.18, 0.41)
	-0.31 (-0.57, -0.09)


GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors; RD, risk difference; CI, confidence interval. 
* In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed.







[bookmark: _Toc234162104]Supplementary table 10. Baseline characteristics of GLP-1 RA initiators compared with metformin, and insulin initiators before and after inverse probability of treatment weighting (IPTW) and overlapping matching (OM). All-cause mortality after hepatocellular carcinoma diagnosis target trial.
	Characteristics 
	Metformin
	GLP-1 RA
	SMD
	SMD after IPTW
	SMD after OM
	Insulin
	GLP-1 RA
	SMD
	SMD after
	SMD after
IPTW

	Total
	169
	84
	
	
	
	51
	387
	
	
	

	GLP-1 RA agent, n (%)
	
	
	NA
	NA
	NA
	
	
	NA
	NA
	NA

	Semaglutide
	--
	37 (44.0%)
	
	
	
	--
	24 (47.1%)
	
	
	

	Tirzepatide
	--
	25 (29.8%)
	
	
	
	--
	12 (23.5%)
	
	
	

	Dulaglutide
	--
	12 (14.3%)
	
	
	
	--
	5 (9.8%)
	
	
	

	Liraglutide
	--
	9 (10.7%)
	
	
	
	--
	10 (19.6%)
	
	
	

	Exenatide
	--
	0 (0.0%)
	
	
	
	--
	0 (0.0%)
	
	
	

	Lixisenatide
	--
	1 (1.2%)
	
	
	
	--
	0 (0.0%)
	
	
	

	Age at time zero, mean (SD)
	66.31 (8.65)
	62.05 (8.74)
	0.489
	0.071
	0.023
	62.66 (10.30)
	64.56 (9.21)
	0.194
	0.253
	0.033

	Sex (Males), n, (%)
	114 (67.5)
	51 (60.7)
	0.141
	0.009
	0.025
	30 (58.8)
	277 (71.6)
	0.270
	0.039
	0.044

	Race/Ethnicity, n, (%)
	
	
	0.315
	0.184
	0.205
	
	
	0.256
	0.379
	0.117

	White
	117 (69.2)
	66 (78.6)
	
	
	
	34 (66.7)
	265 (68.5)
	
	
	

	Black or African American
	30 (17.8)
	<11* (8.3)
	
	
	
	<11* (17.6)
	54 (14.0)
	
	
	

	Asian
	<11* (3.6)
	<11* (2.4)
	
	
	
	<11* (5.9)
	21 (5.4)
	
	
	

	Other**
	<11* (1.8)
	<11* (3.6)
	
	
	
	<11* (2.0)
	25 (6.5)
	
	
	

	Unknown
	13 (7.7)
	<11* (7.1)
	
	
	
	<11* (7.8)
	22 (5.7)
	
	
	

	Hispanic (%)
	
	
	0.067
	0.085
	0.030
	
	
	0.325
	0.029
	0.104

	Yes
	67 (39.6)
	32 (38.1)
	
	
	
	13 (25.5)
	140 (36.2)
	
	
	

	No
	92 (54.4)
	48 (57.1)
	
	
	
	33 (64.7)
	234 (60.5)
	
	
	

	No information
	<11* (5.9)
	<11* (4.8)
	
	
	
	<11* (9.8)
	13 (3.4)
	
	
	

	T2D duration before time zero, n (%)
	51 (30.2)
	24 (28.6)
	0.035
	0.057
	0.020
	21 (41.2)
	75 (19.4)
	0.488
	0.019
	0.079

	≥5 years (%)
	
	
	
	
	
	
	
	
	
	

	HCC duration before time zero, n (%)
	
	
	0.481
	0.160
	0.022
	
	
	0.809
	0.284
	0.050

	   ≤6 months
	73 (43.2)
	18 (21.4)
	
	
	
	11 (21.6)
	211 (54.5)
	
	
	

	   6-12 months
	18 (10.7)
	11 (13.1)
	
	
	
	<11* (11.8)
	58 (15.0)
	
	
	

	   ≥12 months
	78 (46.2)
	55 (65.5)
	
	
	
	34 (66.7)
	118 (30.5)
	
	
	

	Period of treatment initiation, n (%)
	
	
	0.821
	0.111
	0.022
	
	
	0.668
	0.407
	0.042

	   ≤2017
	46 (27.2)
	<11* (6.0)
	
	
	
	<11* (7.8)
	118 (30.5)
	
	
	

	   2018-2021
	66 (39.1)
	21 (25.0)
	
	
	
	14 (27.5)
	119 (30.7)
	
	
	

	   ≥2022
	57 (33.7)
	58 (69.0)
	
	
	
	33 (64.7)
	150 (38.8)
	
	
	

	Prior Diagnosis of any cancer (Yes vs. No), n (%)
	34 (20.1)
	15 (17.9)
	0.058
	0.134
	0.011
	16 (31.4)
	77 (19.9)
	0.265
	0.143
	0.014

	Any oncology therapy (Yes vs. No), n (%)
	45 (26.6)
	41 (48.8)
	0.470
	0.003
	0.032
	25 (49.0)
	145 (37.5)
	0.235
	0.301
	0.010

	HCC-directed surgical procedures (Yes vs. No), n (%)
	44 (26.0)
	30 (35.7)
	0.211
	0.109
	0.046
	138 (35.7)
	17 (33.3)
	0.049
	0.392
	0.025

	Overweight/obesity (Yes vs. No), n (%)
	48 (28.4)
	56 (66.7)
	0.830
	0.131
	0.024
	36 (70.6)
	141 (36.4)
	0.729
	0.535
	0.038

	Cardiometabolic conditions* (Yes vs. No), n (%)
	137 (81.1)
	73 (86.9)
	0.160
	0.079
	0.011
	41 (80.4)
	325 (84.0)
	0.094
	0.196
	0.023

	Advanced chronic liver disease (Yes vs. No), n (%)
	121 (71.6)
	73 (86.9)
	0.384
	0.176
	0.012
	303 (78.3)
	37 (72.5)
	0.134
	0.318
	0.036

	Advanced stage HCC (Yes vs. No), n (%)
	12 (7.1)
	<11* (4.8)
	0.099
	0.160
	0.004
	<11* (3.9)
	59 (15.2)
	0.392
	0.033
	0.016

	CKD 1-3 (Yes vs. No), n (%)
	11 (6.5)
	12 (14.3)
	0.257
	0.072
	0.009
	<11* (7.8)
	42 (10.9)
	0.104
	0.272
	0.024

	Depression (Yes vs. No), n (%)
	32 (18.9)
	29 (34.5)
	0.358
	0.097
	0.044
	16 (31.4)
	69 (17.8)
	0.318
	0.171
	0.041

	Nicotine dependence (Yes vs. No), n (%)
	66 (39.1)
	41 (48.8)
	0.198
	0.105
	0.029
	24 (47.1)
	161 (41.6)
	0.110
	0.239
	0.065

	Alcohol dependence (Yes vs. No), n (%)
	26 (15.4)
	18 (21.4)
	0.156
	0.222
	0.019
	<11* (11.8)
	55 (14.2)
	0.073
	0.045
	0.074

	Prior use of metformin (Yes vs. No), n (%)
	NA
	NA
	NA
	NA
	NA
	28 (54.9)
	158 (40.8)
	0.285
	0.019
	0.067

	Prior use of insulin (Yes vs. No), n (%)
	51 (30.2)
	49 (58.3)
	0.591
	0.067
	0.030
	NA
	NA
	NA
	NA
	NA

	Prior use of SGLT2i (Yes vs. No), n (%)
	<11* (1.8)
	<11* (3.6)
	0.112
	0.023
	0.001
	<11* (3.9)
	12 (3.1)
	0.045
	0.071
	0.010

	Prior use of DPP4i (Yes vs. No), n (%)
	24 (14.2)
	17 (20.2)
	0.160
	0.046
	0.013
	15 (29.4)
	44 (11.4)
	0.459
	0.073
	0.116

	Prior use of sulfonylureas (Yes vs. No), n (%)
	38 (22.5)
	15 (17.9)
	0.116
	0.091
	0.012
	16 (31.4)
	69 (17.8)
	0.318
	0.173
	0.017

	Prior use of statins (Yes vs. No), n (%)
	42 (24.9)
	27 (32.1)
	0.162
	0.035
	0.045
	106 (27.4)
	21 (41.2)
	0.294
	0.246
	0.032

	Prior use of long-term antiplatelet or antithrombotic (Yes vs. No), n (%)
	16 (9.5)
	<11* (10.7)
	0.041
	0.038
	0.085
	54 (14.0)
	<11* (15.7)
	0.049
	0.063
	0.006

	Prior use of long-term NSAID (Yes vs. No), n (%)
	34 (20.1)
	17 (20.2)
	0.003
	0.037
	0.013
	93 (24.0)
	19 (37.3)
	0.290
	0.105
	0.032

	Prior use of glucocorticoids (Yes vs. No), n (%)
	43 (25.4)
	44 (52.4)
	0.575
	0.099
	0.033
	112 (28.9)
	23 (45.1)
	0.339
	0.041
	0.034



SMD, standardized mean difference; GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors; HCC, hepatocellular carcinoma; MASLD, metabolic dysfunction–associated steatotic liver disease; T2D, type 2 diabetes. Advanced liver chronic disease included hepatic failure, cirrhosis, liver fibrosis, portal hypertension, and esophageal/gastric varices.  Bold text indicates imbalance between comparison groups (SMD >0.10). NA indicates not applicable because balance statistics are not shown for the active comparator within its own comparison cohort. * In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed. ** Includes participants classified as American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or other race. 








[bookmark: _Toc234162105]Supplementary table 11. Baseline characteristics of GLP-1 RA initiators compared with SGLT2i, DPP4i, and sulfonylureas initiators before and after inverse probability of treatment weighting (IPTW) overlapping matching (OM). All-cause mortality after hepatocellular carcinoma diagnosis target trial.
	Characteristics 
	SGLT2i
	GLP-1 RA
	SMD
	SMD after IPTW
	SMD after OM
	DPP4i
	GLP-1 RA
	SMD
	SMD after IPTW
	SMD after OM
	Sulfonylureas
	GLP-1 RA
	SMD
	SMD after IPTW
	SMD after OM

	Total
	16
	148
	
	
	
	58
	131
	
	
	
	63
	128
	
	
	

	GLP-1 RA agent, n (%)
	
	
	NA
	NA
	NA
	
	
	NA
	NA
	NA
	
	
	NA
	NA
	NA

	Semaglutide
	--
	65 (43.9%)
	
	
	
	--
	62 (47.3%)
	
	
	
	--
	58 (45.3%)
	
	
	

	Tirzepatide
	--
	35 (23.6%)
	
	
	
	--
	30 (22.9%)
	
	
	
	--
	35 (27.3%)
	
	
	

	Dulaglutide
	--
	24 (16.2%)
	
	
	
	--
	20 (15.3%)
	
	
	
	--
	16 (12.5%)
	
	
	

	Liraglutide
	--
	21 (14.2%)
	
	
	
	--
	16 (12.2%)
	
	
	
	--
	17 (13.3%)
	
	
	

	Exenatide
	--
	0 (0.0%)
	
	
	
	--
	0 (0.0%)
	
	
	
	--
	0 (0.0%)
	
	
	

	Lixisenatide
	--
	3 (2.0%)
	
	
	
	--
	3 (2.3%)
	
	
	
	--
	2 (1.6%)
	
	
	

	Age at time zero, mean (SD)
	66.66 (11.61)
	63.39 (8.86)
	0.316
	0.126
	0.018
	66.18 (8.98)
	62.99 (9.37)
	0.348
	0.113
	0.004
	65.40 (7.98)
	62.67 (9.36)
	0.314
	0.234
	0.004

	Sex (Males), n, (%)
	10 (62.5)
	95 (64.2)
	0.035
	0.088
	0.017
	42 (72.4)
	85 (64.9)
	0.163
	0.025
	<0.001
	38 (60.3)
	82 (64.1)
	0.077
	0.115
	0.001

	Race/Ethnicity, n, (%)
	
	
	0.409
	0.320
	0.020
	
	
	0.539
	0.056
	0.003
	
	
	0.385
	0.489
	0.005

	White
	<11* (68.8)
	116 (78.4)
	
	
	
	31 (53.4)
	101 (77.1)
	
	
	
	41 (65.1)
	100 (78.1)
	
	
	

	Black or African American
	<11* (18.8)
	15 (10.1)
	
	
	
	<11* (13.8)
	13 (9.9)
	
	
	
	<11* (12.7)
	15 (11.7)
	
	
	

	Asian
	<11* (0.0)
	<11* (3.4)
	
	
	
	<11* (10.3)
	<11* (4.6)
	
	
	
	<11* (6.3)
	<11* (2.3)
	
	
	

	Other**
	<11* (6.2)
	<11* (2.7)
	
	
	
	<11* (8.6)
	<11* (3.1)
	
	
	
	<11* (1.6)
	<11* (2.3)
	
	
	

	Unknown
	<11* (6.2)
	<11* (5.4)
	
	
	
	<11* (13.8)
	<11* (5.3)
	
	
	
	<11* (14.3)
	<11* (5.5)
	
	
	

	Hispanic (%)
	
	
	0.319
	0.158
	0.009
	
	
	0.370
	0.160
	0.002
	
	
	0.298
	0.491
	0.006

	Yes
	<11* (50.0)
	54 (36.5)
	
	
	
	26 (44.8)
	48 (36.6)
	
	
	
	19 (30.2)
	47 (36.7)
	
	
	

	No
	<11*(43.8)
	88 (59.5)
	
	
	
	25 (43.1)
	77 (58.8)
	
	
	
	36 (57.1)
	75 (58.6)
	
	
	

	No information
	<11*(6.2)
	<11* (4.1)
	
	
	
	<11* (12.1)
	<11* (4.6)
	
	
	
	<11* (12.7)
	<11* (4.7)
	
	
	

	T2D duration before time zero, n (%)
	
	
	0.333
	0.246
	0.009
	
	
	0.304
	0.082
	0.002
	
	
	0.161
	0.255
	0.003

	≥5 years (%)
	<11*(50.0)
	50 (33.8)
	
	
	
	11 (19.0)
	42 (32.1)
	
	
	
	17 (27.0)
	44 (34.4)
	
	
	

	HCC duration before time zero, n (%)
	
	
	0.607
	0.298
	0.014
	
	
	0.246
	0.173
	0.001
	
	
	0.756
	0.238
	0.003

	   ≤6 months
	<11* (43.8)
	32 (21.6)
	
	
	
	20 (34.5)
	32 (24.4)
	
	
	
	33 (52.4)
	27 (21.1)
	
	
	

	   6-12 months
	<11* (18.8)
	18 (12.2)
	
	
	
	<11* (13.8)
	16 (12.2)
	
	
	
	<11* (11.1)
	<11* (7.8)
	
	
	

	   ≥12 months
	<11* (37.5)
	98 (66.2)
	
	
	
	30 (51.7)
	83 (63.4)
	
	
	
	23 (36.5)
	91 (71.1)
	
	
	

	Period of treatment initiation, 
n (%)
	
	
	0.053
	0.175
	0.017
	
	
	0.641
	0.209
	0.001
	
	
	1.056
	0.153
	0.001

	   ≤2017
	<11* (6.2)
	11 (7.4)
	
	
	
	14 (24.1)
	<11* (5.3)
	
	
	
	23 (36.5)
	<11* (4.7)
	
	
	

	   2018-2021
	<11* (31.2)
	44 (29.7)
	
	
	
	19 (32.8)
	34 (26.0)
	
	
	
	23 (36.5)
	35 (27.3)
	
	
	

	   ≥2022
	<11* (62.5)
	93 (62.8)
	
	
	
	25 (43.1)
	90 (68.7)
	
	
	
	17 (27.0)
	87 (68.0)
	
	
	

	Prior Diagnosis of any cancer (Yes vs. No), n (%)
	<11* (18.8)
	31 (20.9)
	0.055
	0.334
	0.025
	<11* (15.5)
	24 (18.3)
	0.075
	0.139
	0.001
	17 (27.0)
	25 (19.5)
	0.177
	0.108
	0.001

	Any oncology therapy
 (Yes vs. No), n (%)
	<11* (37.5)
	75 (50.7)
	0.268
	0.378
	0.011
	17 (29.3)
	62 (47.3)
	0.377
	0.142
	0.001
	18 (28.6)
	60 (46.9)
	0.385
	0.280
	0.002

	HCC-directed surgical procedures (Yes vs. No), n (%)
	<11* (37.5)
	62 (41.9)
	0.090
	0.395
	0.004
	21 (36.2)
	50 (38.2)
	0.041
	0.091
	0.002
	18 (28.6)
	50 (39.1)
	0.223
	0.399
	0.001

	Overweight/obesity 
(Yes vs. No), n (%)
	<11* (25.0)
	102 (68.9)
	0.980
	0.216
	0.016
	15 (25.9)
	91 (69.5)
	0.970
	0.154
	0.002
	11 (17.5)
	93 (72.7)
	1.333
	0.028
	0.004

	Cardiometabolic conditions* (Yes vs. No), n (%)
	14 (87.5)
	133 (89.9)
	0.075
	0.042
	0.008
	51 (87.9)
	113 (86.3)
	0.050
	0.126
	0.001
	49 (77.8)
	112 (87.5)
	0.259
	0.238
	0.002

	Advanced chronic liver disease (Yes vs. No), n (%)
	13 (81.2)
	123 (83.1)
	0.049
	0.152
	0.025
	43 (74.1)
	108 (82.4)
	0.202
	0.118
	<0.001
	48 (76.2)
	107 (83.6)
	0.186
	0.144
	0.001

	Advanced stage HCC (Yes vs. No), n (%)
	<11* (18.8)
	<11* (4.7)
	0.446
	0.020
	0.050
	<11* (6.9)
	<11* (3.1)
	0.177
	0.001
	0.001
	<11* (9.5)
	<11* (3.9)
	0.226
	0.213
	<0.001

	CKD 1-3 (Yes vs. No), n (%)
	<11* (31.2)
	23 (15.5)
	0.378
	0.507
	0.034
	<11* (10.3)
	19 (14.5)
	0.126
	0.071
	0.002
	7 (11.1)
	20 (15.6)
	0.133
	0.345
	0.002

	Depression (Yes vs. No), n (%)
	<11* (12.5)
	46 (31.1)
	0.462
	0.088
	0.003
	<11* (12.1)
	39 (29.8)
	0.446
	0.133
	0.001
	12 (19.0)
	40 (31.2)
	0.284
	0.301
	0.007

	Nicotine dependence 
(Yes vs. No), n (%)
	<11* (50.0)
	76 (51.4)
	0.027
	0.315
	0.020
	28 (48.3)
	69 (52.7)
	0.088
	0.214
	0.001
	22 (34.9)
	64 (50.0)
	0.309
	0.080
	<0.001

	Alcohol dependence 
(Yes vs. No), n (%)
	<11* (12.5)
	24 (16.2)
	0.106
	0.751
	<0.001
	<11* (10.3)
	23 (17.6)
	0.209
	0.058
	0.001
	<11* (11.1)
	24 (18.8)
	0.216
	0.328
	0.003

	Prior use of metformin 
(Yes vs. No), n (%)
	<11* (37.5)
	82 (55.4)
	0.365
	0.038
	0.009
	31 (53.4)
	69 (52.7)
	0.016
	0.053
	0.001
	40 (63.5)
	69 (53.9)
	0.196
	0.392
	0.004

	Prior use of insulin 
(Yes vs. No), n (%)
	<11* (43.8)
	96 (64.9)
	0.434
	0.278
	0.008
	30 (51.7)
	83 (63.4)
	0.237
	0.014
	0.002
	17 (27.0)
	80 (62.5)
	0.765
	0.179
	0.005

	Prior use of SGLT2i
 (Yes vs. No), n (%)
	NA
	NA
	NA
	NA
	NA
	<11* (1.7)
	<11* (5.3)
	0.197
	0.195
	0.001
	<11* (1.6)
	<11* (3.9)
	0.142
	0.158
	<0.001

	Prior use of DPP4i
 (Yes vs. No), n (%)
	<11* (25.0)
	31 (20.9)
	0.096
	0.056
	0.006
	NA
	NA
	NA
	NA
	NA
	<11* (12.7)
	26 (20.3)
	0.206
	0.120
	0.004

	Prior use of sulfonylureas 
(Yes vs. No), n (%)
	<11* (6.2)
	36 (24.3)
	0.519
	0.293
	0.005
	16 (27.6)
	33 (25.2)
	0.054
	0.140
	<0.001
	NA
	NA
	NA
	NA
	NA

	Prior use of statins (Yes vs. No), n (%)
	<11* (31.2)
	65 (43.9)
	0.264
	0.494
	0.009
	15 (25.9)
	57 (43.5)
	0.377
	0.172
	0.002
	17 (27.0)
	57 (44.5)
	0.372
	0.129
	0.002

	Prior use of long-term antiplatelet or antithrombotic (Yes vs. No), n (%)
	<11* (25.0)
	27 (18.2)
	0.165
	0.091
	0.021
	<11* (15.5)
	20 (15.3)
	0.007
	0.074
	0.002
	<11* (12.7)
	24 (18.8)
	0.167
	0.144
	0.003

	Prior use of long-term NSAID (Yes vs. No), n (%)
	<11* (18.8)
	37 (25.0)
	0.152
	0.454
	0.041
	11 (19.0)
	30 (22.9)
	0.097
	0.142
	0.002
	<11* (14.3)
	29 (22.7)
	0.217
	0.259
	0.001

	Prior use of glucocorticoids (Yes vs. No), n (%)
	<11* (31.2)
	83 (56.1)
	0.517
	0.014
	0.067
	23 (39.7)
	69 (52.7)
	0.263
	0.069
	0.002
	15 (23.8)
	72 (56.2)
	0.702
	0.207
	0.002


SMD, standardized mean difference; GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors; HCC, hepatocellular carcinoma; MASLD, metabolic dysfunction–associated steatotic liver disease; T2D, type 2 diabetes. Advanced liver chronic disease included hepatic failure, cirrhosis, liver fibrosis, portal hypertension, and esophageal/gastric varices.  Bold text indicates imbalance between comparison groups (SMD >0.10). NA indicates not applicable because balance statistics are not shown for the active comparator within its own comparison cohort. * In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed. ** Includes participants classified as American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or other race. * In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed. ** Includes participants classified as American Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, or other race.

[bookmark: _Toc234162106]Supplementary table 12. Subgroup exploratory analysis of 5‑year adjusted all‑cause mortality after HCC diagnosis among GLP‑1 RA initiators versus comparators, stratified by oncology management. 
	Characteristics
	GLP-1 RA (n)
	Comparator (n)
	GLP-1 RA deaths (n)
	Comparator deaths (n)
	 GLP‑1 RA  5‑year mortality (%) (CI 95%)
	Comparator 5‑year mortality (%) (CI 95%)
	RD (95% CI)

	GLP-1 RA vs Metformin
	 
	 
	 
	 
	 
	 
	 

	Overall
	84
	169
	14
	39
	21.85 (15.10, 30.04)
	32.50 (20.26, 48.20)
	10.65 (-3.88, 25.06)

	Oncology therapy: No
	43
	124
	<11*
	26
	12.57 (3.12, 25.12)
	15.32 (10.77, 20.57)
	-2.75 (-14.28, 14.85)

	Oncology therapy: Yes
	41
	45
	<11*
	13
	15.28 (5.52, 29.25)
	23.84 (12.59, 35.42)
	-8.55 (-24.48, 13.43)

	HCC-directed surgical procedures: No
	54
	125
	10
	32
	26.93 (11.33, 42.73)
	19.80 (14.06, 25.82)
	7.13 (-9.63, 24.36)

	HCC-directed surgical procedures: Yes
	30
	44
	<11*
	<11*
	20.03 (0.00, 74.80)
	12.44 (0.00, 57.36)
	7.59 (-21.49, 53.18)

	GLP-1 RA vs Insulin
	 
	 
	 
	 
	 
	 
	 

	Overall
	51
	387
	<11*
	140
	41.16 (34.56, 46.10)
	29.43 (0.00, 51.50)
	-11.73 (-43.36, 9.56)

	Oncology therapy: No
	26
	242
	<11*
	69
	18.22 (0.00, 60.11)
	24.51 (20.76, 28.29)
	-6.29 (-27.79, 37.05)

	Oncology therapy: Yes
	25
	145
	<11*
	71
	17.03 (0.00, 43.44)
	37.76 (32.39, 42.69)
	-20.73 (-40.60, 7.01)

	HCC-directed surgical procedures: No
	34
	249
	<11*
	97
	21.92 (0.00, 49.59)
	31.93 (28.27, 35.52)
	-10.01 (-34.29, 17.98)

	HCC-directed surgical procedures: Yes
	17
	138
	<11*
	43
	4.60 (0.00, 16.85)
	26.04 (21.07, 31.29)
	-21.44 (-30.35, -8.74)

	GLP-1 RA vs SGLT2i
	 
	 
	 
	 
	 
	 
	 

	Overall
	148
	16
	22
	<11*
	46.79 (5.34, 88.70)
	20.64 (11.17, 29.51)
	-26.15 (-64.39, 16.15)

	Oncology therapy: No
	73
	10
	13
	<11*
	15.05 (8.17, 20.96)
	12.41 (0.00, 34.32)
	2.64 (-22.92, 16.85)

	Oncology therapy: Yes
	75
	6
	<11*
	<11*
	10.18 (5.33, 15.43)
	29.55 (0.00, 86.23)
	-19.37 (-77.07, 8.55)

	HCC-directed surgical procedures: No
	86
	10
	15
	<11*
	14.34 (0.00, 61.61)
	67.67 (0.00, 100.00)
	-53.33 (-95.91, 0.07)

	HCC-directed surgical procedures: Yes
	62
	6
	<11*
	<11*
	9.19 (3.95, 14.64)
	19.82 (0.00, 75.68)
	-10.64 (-63.31, 13.50)

	GLP-1 RA vs DPP4i
	 
	 
	 
	 
	 
	 
	 

	Overall
	131
	58
	17
	19
	34.53 (15.23, 50.89)
	27.75 (16.24, 40.64)
	-6.78 (-23.09, 7.84)

	Oncology therapy: No
	69
	41
	<11*
	13
	15.77 (5.30, 25.79)
	17.92 (8.60, 27.77)
	-2.15 (-18.16, 13.97)

	Oncology therapy: Yes
	62
	17
	<11*
	<11*
	9.79 (4.31, 17.62)
	22.28 (4.97, 40.92)
	-12.49 (-31.01, 6.25)

	HCC-directed surgical procedures: No
	81
	37
	13
	11
	15.08 (7.99, 22.80)
	12.46 (4.76, 23.16)
	2.62 (-9.44, 13.98)

	HCC-directed surgical procedures: Yes
	50
	21
	<11*
	<11*
	7.45 (1.67, 15.14)
	24.46 (9.23, 38.71)
	-17.01 (-33.82, 1.97)

	GLP-1 RA vs Sulfonylureas
	 
	 
	 
	 
	 
	 
	 

	Overall
	128
	63
	16
	17
	33.42 (12.49, 54.57)
	23.73 (9.92, 40.85)
	-9.69 (-32.94, 10.17)

	Oncology therapy: No
	68
	45
	13
	<11*
	14.82 (8.03, 22.89)
	16.98 (8.22, 31.70)
	-2.16 (-14.83, 9.51)

	Oncology therapy: Yes
	60
	18
	<11*
	<11*
	4.17 (0.00, 9.20)
	33.42 (9.39, 63.41)
	-29.25 (-61.00, -5.30)

	HCC-directed surgical procedures: No
	78
	45
	11
	<11*
	12.96 (4.93, 19.76)
	23.26 (5.27, 42.50)
	-10.30 (-32.98, 7.69)

	HCC-directed surgical procedures: Yes
	50
	18
	<11*
	<11*
	7.46 (1.45, 14.25)
	40.49 (12.50, 80.14)
	-33.03 (-75.07, -1.21)


GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors. The target trial was re-specified by baseline status; propensity scores and IPTW were re-estimated after excluding the stratification variable from the propensity score model, and outcome models were re-estimated within each stratum. Oncology therapy includes immunotherapy, radiotherapy, and chemotherapy. HCC‑directed surgical procedures include liver resection, transarterial chemoembolization (TACE), liver transplantation, and ablative therapies.
*	In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed.
[bookmark: _Toc234162107]Supplementary table 13. Sensitivity analysis using overlap weighting to estimate 5-year mortality risk differences between GLP-1 receptor agonists and comparator medications
	Comparator
	Sample size (n)*
	Deaths (n)*
	5-year mortality (%) (95% CI)
	RD (%) (95% CI)

	Intention-to-treat effect
	 
	 
	 
	 

	Metformin
	165
	36
	21.48 (12.29, 31.51)
	Ref

	GLP-1 RA
	82
	14
	33.09 (17.50, 52.79)
	11.61 (-0.45, 24.62)

	Insulin
	380
	134
	46.07 (30.38, 58.41)
	Ref

	GLP-1 RA
	48
	<11**
	16.99 (0.00, 31.01)
	-29.09 (-51.35, -9.72)

	SGLT2i
	14
	<11**
	46.34 (0.94, 95.89)
	Ref

	GLP-1 RA
	146
	22
	39.69 (7.19, 64.50)
	-6.66 (-43.95, 29.45)

	DPP4i
	56
	18
	42.57 (23.76, 59.42)
	Ref

	GLP-1 RA
	129
	17
	33.63 (20.73, 47.82)
	-8.94 (-27.64, 7.08)

	Sulfonylureas
	61
	16
	40.45 (18.72, 60.54)
	Ref

	GLP-1 RA
	126
	15
	29.97 (13.55, 48.46)
	-10.48 (-36.81, 9.92)

	Per-protocol effect
	 
	
	
	

	Metformin
	165
	<11**
	0.77 (0.00, 4.12)
	Ref

	GLP-1 RA
	82
	<11**
	0.25 (0.00, 1.19)
	-0.52 (-3.70, 0.96)

	Insulin
	380
	85
	35.49 (7.80, 66.61)
	Ref

	GLP-1 RA
	48
	<11**
	5.57 (0.00, 15.87)
	-29.92 (-65.74, -2.91)

	SGLT2i
	14
	<11**
	48.43 (0.00, 99.84)
	Ref

	GLP-1 RA
	146
	<11**
	8.34 (0.01, 28.57)
	-40.08 (-91.51, 0.31)

	DPP4i
	56
	<11**
	31.33 (0.31, 97.12)
	Ref

	GLP-1 RA
	129
	<11**
	3.03 (0.15, 9.17)
	-28.30 (-93.21, -0.02)

	Sulfonylureas
	61
	<11**
	0.60 (0.00, 0.70)
	Ref

	GLP-1 RA
	126
	<11**
	0.04 (0.00, 0.62)
	-0.56 (-0.57, 0.32)


GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium–glucose cotransporter-2 inhibitors; DPP4i, dipeptidyl peptidase-4 inhibitors; RD, risk difference; CI, confidence interval. 
* Differences in sample size and events reflect overlapping matching restricted to well‑balanced participants.
** In accordance with PCORnet data privacy policies, and to minimize the risk of re-identification, all counts <11 were suppressed.
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