Association of GLP-1 Use and End-Stage Liver Disease (ESLD) Events in US Adults with Metabolic Dysfunction-

Associated Steatotic Liver Disease (MASLD)

Dominic Nunag’', Nipun Atreja®, Christina Parrinello2, Arushi Chadha', Samantha E. Clark', Matthew Davis', Blake Thomas2, Francis Lobo?2, John O’Donnell?, Anthony Martinez3
"Medicus Economics, LLC, Milton, MA, United States, °Madrigal Pharmaceuticals, Inc., West Conshohocken, PA, United States, 3University of Buffalo, Buffalo, NY, United States

TABLE 2. KM Survival Estimate of Time to First ESLD Event and Frequency of ESLD Events During Follow-up, by GLP-1 Indication
Across Patient Subgroups

FIGURE 1. Sample Selection Diagram

INTRODUCTION

Patients with evidence of MASH/MASLD between December 5, 2017 (approval of ] ) . )
semaglutide) and July 1, 2024 (six months prior to the end of data availability) Overall T2D Obesity T2D + Obesity Sensitivity Analysis
* |ndividuals with metabolic dysfunction-associated steatotic liver disease (MASLD) are at risk of progressing to = 2 rsiehin ) o ovid P ST G"Pr'1 GLF;'1 non- GLPr'1 GLPr'1 non- Ss"epr; 3;;31 non- :1;;-::'31 S;_;; non- S;';; Ss";; non-
end-stage liver disease (ESLD), including complications such as compensated and decompensated cirrhosis GLP-1 users? GLP-1 non-users | SO o o CTWEINEORESEY @ N N bl N = = = N = N = 54.52 N = 54.52
» G _ _ (N = 386,051) (N = 2,382,496) > baseline (N =54,529) (N =54,529) (N =41,824) (N=41,824) (N=46,213) (N=46,213) (N=33,508) (N=33,508) (N =54,529) (N =54,529)
(CC and DCC), hepatocellular carcinoma (HCC), and the need for liver transplantation.’-2 (N = 855,520) KM Survival Estimate of Time to First ESLD Event
: : : : : " . =1 medical claim or EHR record with a diagnosis for T2D or overweight/obesit
Furthermore, patients with metabolic dysfunction-associated steatohepatitis (MASH), a progressive and often ! ! during"{;‘ o basalne p' o venvelg R 6 mo, est 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
. . -— . . Y - - - - - - - - - -
underdiagnosed subtype of MASLD estimated to affect over 115 million people globally, may face increased risk (N = 1.913,027) (95%Cl) (0.98-0.99)  (0.99-0.99) | (0.98-0.99)  (0.99-0.99) | (0.98-0.99)  (0.99-0.99) | (0.98-0.99)  (0.98-0.99) | (0.98-0.99)  (0.99-0.99)
Of experlenCIng ESLD events3-5 GLP-1 users? GLP-1 non-users ‘ <18 years old at StUdy entry 12 mo, est 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
| | . | | | (N = 347 211) (N = 1,565 816) > (N = 23 465) (95%Cl) (0.97-0.98)  (0.97-0.98) | (0.97-0.98) (0.97-0.97) | (0.97-0.98)  (0.97-0.98) | (0.97-0.97)  (0.97-0.97) | (0.97-0.98)  (0.97-0.98)
Obesity and type 2 diabetes (T2D) often precipitate MASH/MASLD, making many patients with MASH/MASLD 18 E——— 24 mo, est 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
. : ; : oy =18 years old at study entry o i _ _ i i i i i i i
eligible for therapies approved to treat these underlying metabolic conditions. (N = 1,889,562) Evidence of other liver disease or (95%Cl) (0.95-0.96)  (0.95-0.95) | (0.95-0.95) (0.95-0.95) | (0.95-0.96) (0.95-0.95) | (0.95-0.95) (0.94-0.95) | (0.95-0.96)  (0.94-0.95)
: : . : _ icati F f Patients with ESLD Event
Glucagon-like peptide-1 (GLP-1) receptor-targeted therapies have transformed the management of obesity and GLP-1 users? l‘ GLP-1 non-users , MASH/MASLD g:[:;lei:ecompllcatlons at T — T Y r::;eg;y o a2|:9n :\SM . :)/e7n s — — —— ——
T2D and may offer benefits to patients with MASH/MASLD at risk of disease progression and ESLD-related (N =345,955) (N'=1,543,607) (N = 688,686) eath, n (%) (0-5) 0.7) 06) 0-9) 0-5) 0.7) 06) 09) ©3) ©.7)
complications. No evidence of other liver diseases or MASH/MASLD-related complications CC, n (%) 1612(3.0) 1,570(29) | 1,314(3.1) 1,302(3.1) | 1,382(3.0) 1,337(29) | 1,084(3.2) 1,069(3.2) | 1,060(19) 1412(2.6)
o _ . _ _ o _ during the baseline period DCC, n (%) 71(0.1) 93 (0.2) 65 (0.2) 89 (0.2) 58 (0.1) 71 (0.2) 52 (0.2) 67 (0.2) 44 (0.1) 83 (0.2)
?.Nh"?.é”al _resul(’;s ftor ?';]P'1 I.rt‘?ratﬁ'es’b‘?’lficr; as Sema?zlgtl'_d; antd t'rzep?t'f?’lha.\’?. Shto‘grl‘oprsohrgﬁ‘?o'ﬂ‘o'mpﬁv'”g (N = 1,200,876) m———— HCC,n (%)  41(0.1) 49 (0.1) 38 (0.1) 46 (0.1) 32 (0.1) 39 (0.1) 29 (0.1) 36 (0.1) 22 (0.0) 42 (0.1)
iver fibrosis and steatohepatitis, the ability to assess outcomes in trials is limited by w-u GLP-1 users? GLP-1 non-users . -
duration and small sample size. (N = 235.665) l‘ (N = 965,211) (N = 119,163) LT, n (%) 4 (0.0) 7 (0.0) 3 (0.0) 7 (0.0) 4 (0.0) 5 (0.0) 3 (0.0) 5 (0.0) 1(0.0) 7 (0.0)

Abbreviations: CC, compensated cirrhosis; Cl: confidence interval; DCC: decompensated cirrhosis; ESLD: end stage liver disease; GLP-1: glucagon-like peptide-1; HCC: hepatocellular

No evidence of GLP-1 use (including in-office administration) any time prior carcinoma: LT: liver transplant: mo, month: T2D: type 2 diabetes

to study entry
(N =1,081,713)
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OBJECTIVE

GLP-1 users?
(N = 167,065)

GLP-1 non-users
(N =914,648)

% 0,
* To evaluate the association between GLP-1 therapies (semaglutide or tirzepatide) and risk of progression to W% 97%

ESLD outcomes among patients with MASH/MASLD in real-world data.

METHODS

* Aretrospective cohort study was conducted using Optum Market Clarity data from December 5, 2015, through

' Patients were eligible for inclusion if their study entry was defined as the later of their first MASH/MASLD diagnosis and completion of 24 months of continuous
enrollment (baseline period), with medical and prescription claims coverage required during this period.

2 Count of GLP-1 users is based solely on the presence of a future paid claim for semaglutide/tirzepatide. These claims may not qualify as eligible index dates (e.qg.,
patient experiences ESLD event prior to GLP-1 initiation).

3 Only birth year was available, so all patients were assumed to be born on July 1.

Abbreviations: EHR: electronic health record; GLP-1: glucagon-like peptide-1; MASH: metabolic dysfunction-associated steatohepatitis; MASLD: metabolic
dysfunction-associated steatotic liver disease; T2D: type 2 diabetes

RESULTS

a0

* No statistically significant differences were
observed in incidence of ESLD events among
60 patients with MASH/MASLD treated with GLP-
1 therapies and matched GLP-1 non-users,
suggesting little real-world benefit of GLP-1

Proportion without ESLD event, %

December 31, 2024, with cohort entry starting between December 5, 2017, and July 1, 2024, for two cohorts: 407 treatment in MASH/MASLD.
MASH/MASLD patients initiating GLP-1 therapy and MASH/MASLD patients not using GLP-1s. The GLP-1 Long-term studies are needed to further
therapies of interest include SC (subcutaneous) semaglutide and tirzepatide only (Figure 1). TABLE 1. Demographic and Clinical Characteristics 20 - evaluate the benefit of GLP-1 therapy for

MASH/MASLD progression.

* During the 24 months prior to study entry, patients were required to have continuous enroliment, a .

. o ) : . . . o GLP-1 users GLP-1 non-users 94,529 GLP-1 initiators were successfully 1:1 propensity score
MQ?I:II/DMASLI? dlﬁgnos::s_ with e1V|dence of obesity or T2D, and no evidence of other liver diseases or severe Characteristics (N = 54.529) (N = 54,529) matched to 54,529 GLP-1 non-users, resulting in a final analytic ' | | | | | | * Key limitations include reliance on pharmacy
complications (Figure 1). Age cohort of 109,058 patients. : b “ e miiﬁrstESL[:- m:f Monthe . rz . claims to define GLP-1 use and diagnosis
* The GLP-1 user cohort included patients with a dispensed prescription claim for GLP-1 therapy (any dose Mean (SD) 52.3 (11.8) 52.3 (11.8) . : | codes for ESLD outcomes, inability to capture
following study entry, with no rioF; GLP-1 use, and Zt least zix morﬁths before data cutoff Thepga(rlie);t ) Median (IQR) 53.0 (45.0, 60.0) 53.0 (45.0, 60.0) The matched cohorts were predominantly female (61.3%) and had disease severity or unmeasured cgnfounzlers
ng y entry, with no p - ’ _ _ - Gond Y a high prevalence of obesity (84.7%) (Table 1). — GLP-1 non-users (N =54,523) — GLP-1 users (N = 54,529) . y : ’
prescription date was defined as the index date for this cohort (Figure 2). ,f:m:’en ) 33,411 (61.3) 33,411 (61.3) underdiagnosis and heterogeneity of
’ ' ’ ' Patients were predominantly Caucasian (>69%), had commercial _ _ _ _ i i
* Each GLP-1 user was 1:1 propensity score matched to a non-user without prior GLP-1 use based on age, sex, Male 21,110 (38.7) 21,110 (38.7) P y ( 0) TABLE 3. KM Survival Estimate of Time to Eirst ESLD Event and MASH/MASLD at baseline, and possible

MASH/MASLD status, and indication (obesity and/or T2D) using a risk-set sampling approach. In this approach,

—_—t)

Race, n (%)

insurance coverage (>67%), and a mean (SD) age of 52.3 (11.8)
years (Table 1).

Frequency of ESLD Events During Follow-up, by Maximum GLP-1

selection bias between study cohorts.

non-users were eligible for matching if they were still under observation and had no evidence of a prescription ﬁ‘;‘;‘s” American ‘1‘22‘5‘ 22‘2‘; ‘1"%2 g:; Dose Received in Treated Patients with Obesity
claim for GLP-1 therapy at the time of the matched user’s index date. Their index date was defined based on the Caucasian 38.137 (69.9) 30,043 (71.6) The mean (median) follow-up was 16.8 (12.9) months in the GLP-1 Max Dose Less than Max Dose
relative index date of the matched GLP-1 user (Figure 2). Other/Unknown 10,593 (19.4) 10,114 (18.5) user and marginally longer at 17.2 (14.1) months in the GLP-1 non- GLP-1 non- GLP-1 non- REFERENCES
e F f patient ith ESLD t luated for th I lati f b defined b Payer Type, n (%)’ user cohort (Table 1)- C:JL_P-; 9u7s4ers users C:IL_P-:ZUZS:Q"S users 1. Fishman J, et al. Estimating the underdiagnosis of nonalcoholic fatty liver
reque.nCY O _pa lents VY' events were _eva uate F)r € overall population, pr Su groups _e Ine y Commercial 36,666 (67.2) 37,496 (68.8) . . ] ] i (N=3, ) (N = 3,974) (N =42, ) (N = 42,239) disease and nonalcoholic steatohepatitis in Medicare claims data. Presented at:
GLP-1 indication (obesity, T2D, T2D and obesity), by maximum dose for treated patients with obesity, and for the L ’ ’ Patients in the overall population and in subgroups defined by GLP- : : : : AMCP Nexus 2024; October 14-17, 2024; Las Vegas, NV. 2. Loomba R, et al.
Medicaid 9,750 (10.5) 5,666 (10.4) BT KM Survival Estimate of Time to First ESLD Event : N - L :
sensitivity analysis in which follow-up was censored at discontinuation for users and at initiation for non-users. Medicare 11,993 (22.0) 11,254 (20.6) 1 indication showed comparable frequency for all ESLD events (all Nonalcoholic fatty liver disease progression rates to cirrhosis and progression of
e e p > 0.05 except death) (Table 2) v e e - e e, 2020 Jun31(H): 114559, 3. Kim' et al. Progreseion fiom Noraloshol
. . . _ . Index Dru N % 2 . . 95%Cl 0.98-0.99 0.99-0.99 0.98-0.99 0.99-0.99 ata. un; : —J0JY. 9. AIM Y, et al. Frogression rrom Non-aiconolic
* Time to ESLD events (CC’ DCC, I._ICC’ liver transplant, or de.ath) was assess_ed using Kaplan Meler (KM). Curves, Semaglu?ide( g 43,405 (79.6) - . : : : . (95%C1) ( ) ( ) ( ) ( ) Steatohepatitis to Advanced Liver Diseases and Mortality Among Medicare
followed by extended Cox proportional hazard models to estimate hazard ratios (HRs) for survival analysis. Tirzepatide 11.108 (20.4) In KM survival analysis accounting for censoring, the cumulative 12 mo, est 0.98 0.98 0.97 0.97 Patients. 2024 Nov;41(11):4335-55. 4. Loomba R, et al. Mechanisms and
’ : incidence of ESLD events in the GLP-1 user cohort of the overall (95%Cl) (0.98-0.98) (0.97-0.98) (0.97-0.98) (0.97-0.98) disease consequences of nonalcoholic fatty liver disease. Cell. 2021 May
FIGURE 2. Studv Desian Diagram 4 of follow-u T2D, n (%) . 13;184(10):2537—-64; 5. British Liver Trust. International NASH Day. Available at:
y g g : gs:c;el\llem i Yes 41,824 (76.7) 41,824 (76.7) pOPUIatlon was 1%, 3%, and 5% at 6, 12, and 24 months, 24 mo, est 0.96 0.96 0.95 0.95 https://britishlivertrust.org.uk/nashday/. Last accessed: August 2025.
LD o | ’ respectively, nearly identical to the GLP-1 non-user cohort (HR = (95%Cl) (0.96-0.97)  (0.95-0.97) | (0.95-0.95)  (0.95-0.95)
24-mo washout period Outcome assessment period E?gp%fu?ata availability NO 12,705 (233) 12,705 (233) p y’ .y - .
Obesity, n (%) 0.97; p = 0.28) (Figure 3). Frequency of Patients with ESLD Events
Yes 46,213 (84.7) 46,213 (84.7) Sensitivit s i q foll { GLP-1 di finuat Death, n (%) 3 (0.1) 11 (0.3) 206 (0.5) 321 (0.8)
| No 8,316 (15.3) 8,316 (15.3) ensitivity analysis, censoring Tollow-Up a -1 discontinuation CC. n (%) 118 (3.0) 84 (2.1) 1264 (3.0)  1.253 (3.0)
Cohort 1: GLP-1 Users it ) 1512024 for users and at initiation for non-users, found nearly identical KM
, (ending ) Observed follow-up (mo) : _ o DCC, n (%) 2 (0.1) 7 (0.2) 56 (0.1) 64 (0.2) S5 s
MASH/MASLD dx v estimates (HR =1.00; p = 097) (Table 2) S
Mean (SD) 16.8 (12.9) 17.2 (13.2) o o%es § §
I Index GLP-1 Rx (On or after 12/05/17 and 26 months prior to data cutoff) I . HCC’ n (/0) 1 (OO) O (00) 31 (01) 39 (01) es o o "3 3238
T Median (IQR) 13.8 (7.6, 22.3) 14.1(7.6,23.3) Patients with obesity exhibited similar frequencies and cumulative ST gTeake el oS
Cohort 2: GLP-1 Non-Users (endinng;/2024) ' Patients whose gender and payer type were categorized as unknown were excluded y q LT, n (%) 0 (O'O) 0 (0'0) 4 (0'0) o (O'O) e’ : ::= e e o

MASH/MASLD dx :
Y

| Relative index date of matched GLP-1 User |

Abbreviations: dx: diagnosis; ESLD: end stage liver disease; GLP-1: glucagon-like peptide-1; MASH: metabolic dysfunction-associated steatohepatitis;
MASLD: metabolic dysfunction-associated steatotic liver disease; Rx: prescription

from the table but included in the overall study population (<1%)

2 Patients who had index prescription claims for both GLP-1 therapies following study
entry were excluded from the table but included in the overall study population (<1%)
Abbreviations: IQR, interquartile range; GLP-1: glucagon-like peptide-1; SD, standard

deviation; T2D, type 2 diabetes

incidence of all ESLD events regardless of whether the maximum

dose was received (all p > 0.05 except death and CC) (Table 3).

Abbreviations: CC, compensated cirrhosis; Cl: confidence interval, DCC: decompensated
cirrhosis; ESLD: end stage liver disease; GLP-1: glucagon-like peptide-1; HCC:

hepatocellular carcinoma; LT: liver transplant; mo, month
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