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Abstract

Metabolic dysfunction-associated steatotic liver disease has emerged as a leading cause of chronic liver disease and cirrhosis
in the Western world. With rising rates of obesity, the prevalence of metabolic dysfunction-associated steatohepatitis (MASH)-
related cirrhosis is expected to increase. MASH is associated with chronic hepatic inflammation and progressive liver fibrosis,
and significant research is focused on developing pharmacological therapies to reverse these downstream complications. Re-
cent trials have explored various therapeutic targets across metabolic, inflammatory, and fibrogenic pathways aimed at de-
creasing liver triglycerides, inflammation, lipotoxicity, and fibrosis. Some of these drugs show promise in reversing biomarkers
and/ or histologic markers of steatohepatitis and fibrosis, although most have been primarily studied in non-cirrhotic patients.
However, in the context of the significant unmet medical need of patients with MASH-associated cirrhosis, growing interest in
targeting compensated cirrhosis has prompted renewed investment in numerous early clinical and late-stage programs evalu-
ating novel investigational agents in this population. This review summarizes current therapies under evaluation in phase 2
and 3 clinical trials for MASH-related cirrhosis, highlighting drug mechanisms, outcomes, and future research directions.

Introduction

Hepatic steatosis, or the accumulation of fat within hepatocytes,
is a phenomenon that has long been recognized, with descriptions
dating back to the mid-1800s.! It was quickly associated with the
consumption of alcohol and excessive calorie intake, both of which
account for the vast majority of etiologies. As such, it was charac-
terized as alcoholic versus non-alcoholic fatty liver disease in the
late 1900s, with the latter being associated with overnutrition. As
the global incidence of diabetes and obesity has risen, the preva-
lence of hepatic steatosis has similarly increased. The association
of metabolic syndrome with hepatic steatosis has led to a shift in
nomenclature, in which the presence of hepatic steatosis in the con-
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text of metabolic syndrome without alcohol consumption is termed
metabolic dysfunction-associated steatotic liver disease (MASLD),
formerly known as non-alcoholic fatty liver disease. The estimated
worldwide prevalence of MASLD is at least 15-35%, projected to
increase in tandem with obesity and diabetes.>* Hepatic inflamma-
tion in the context of MASLD, histologically characterized by lobu-
lar inflammation and ballooning degeneration, is termed metabolic
dysfunction-associated steatohepatitis (MASH), formerly known as
non-alcoholic steatohepatitis (NASH), and comprises roughly 20—
25% of patients with MASLD.

The events that result in the development of MASH are complex
and have been summarized in recent reports; however, persistent
hepatocellular injury and progressive fibrosis can result in cirrho-
sis and associated complications such as hepatic decompensation
and hepatocellular carcinoma. The prevalence of cirrhosis among
patients with MASH is currently estimated at 2% and is expected
to rise to 3% by 2050.5 In the U.S,, it is estimated that up to 4.5
million Americans may have advanced fibrosis or cirrhosis due to
MASH.5 In 2017, the lifetime cost for patients with MASH was
estimated at $222.6 billion overall, with $95.4 billion attributed to
those with advanced MASH. The total economic cost of MASH in
Europe has been estimated at €8.5 to €19.5 billion.”

Due to the significant morbidity, mortality, and healthcare re-
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source utilization associated with MASH, multiple investigational
agents are under active evaluation in clinical trials, with the primary
aim of MASH resolution and/or reversal of MASH-related fibrosis.®
However, only a small proportion of these trials focus on patients
with cirrhosis. In this manuscript, we summarize key investigational
drug programs in phase 2 and/or 3 clinical trial development.

Evaluating clinical efficacy in patients with MASH cirrhosis

Until 2024, there were no approved treatments for MASH apart
from lifestyle modifications and effective weight loss. Further-
more, clinical trials in MASH have primarily focused on evaluat-
ing outcomes in patients with F2 to F3 fibrosis. In this popula-
tion, extensive crosslinking of collagen has not yet occurred, and
there is potential for fibrosis reversal. In this context, the presence
of advanced fibrosis drives hepatic outcomes, and the reversal of
such fibrosis would be expected to lead to improvement.® Once
fully established cirrhosis develops, particularly with mature col-
lagen crosslinking and the development of portal hypertension,
fibrosis reversal may be challenging to achieve. As such, the as-
sessment of novel therapies in patients with compensated MASH
cirrhosis is far more nuanced and may extend beyond histological
endpoints (e.g., MASH resolution, fibrosis improvement). In its
current guidance to the industry for the development of drugs for
the treatment of MASH with compensated cirrhosis, the U.S. Food
and Drug Administration (FDA) notes that “reversal of cirrhosis
may not be feasible” and therefore “strongly recommends clinical
outcome trials to support a marketing application” under the tradi-
tional rather than accelerated approval pathway. This could include
a composite endpoint of time from randomization to the first of
any outcome event, such as overt hepatic decompensation (e.g.,
spontaneous bacterial peritonitis, ascites, variceal hemorrhage,
hepatic encephalopathy), worsening of the Model for End-Stage
Liver Disease (MELD) score to >15, liver transplantation, or death
from any cause. However, “histological improvements in fibrosis
can be proposed and justified”.'?

Non-invasive tests for liver fibrosis have been widely adopted
in clinical practice and include direct and indirect serum biomarker
assays, as well as imaging-based elastography using ultrasound or
magnetic resonance imaging (MRI). The enhanced liver fibrosis
(ELF) score is generated through the measurement of three com-
ponents of liver collagen biomatrix, and a decrease of 0.3 points
or more in ELF score is associated with histologic improvement in
liver fibrosis and may be predictive of differences in liver-related
outcomes.!1? As such, a decrease in ELF score could potentially
serve as an endpoint for these novel drugs in patients with cir-
rhosis.

Similarly, multiple imaging-based elastography tools have been
validated for the assessment of liver fibrosis, including vibration-
controlled transient elastography (VCTE), shear wave elastogra-
phy, and magnetic resonance elastography. These imaging modali-
ties can be used for liver stiffness measurement (LSM) in units of
kilopascals. A decrease in LSM has been shown to reduce the risk
of liver-related events,'? and therefore, it may also serve as a viable
trial endpoint.

As the disease progresses in patients with MASH cirrhosis,
collagen accumulates within the extracellular matrix, disrupting
the connections between hepatocytes and the sinusoids. This re-
sults in progressive restriction of sinusoidal flow, ultimately lead-
ing to portal hypertension.!*# A hepatic venous pressure gradient
(HVPQG) greater than 10 mm Hg results in clinically significant
portal hypertension, which is associated with complications such
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as ascites, hepatic encephalopathy, and variceal hemorrhage. As
such, there has been interest in evaluating direct and/or indirect
measurement of HVPG as a clinical trial endpoint. Although this
is attractive due to its strong association with clinical outcomes,
a delta change in HVPG may be limited by the invasive nature
of HVPG measurement, which typically requires transjugular or
transvenous introduction of a catheter into the hepatic vein for
measurement of free and wedged hepatic venous pressure, as well
as intra-observer and inter-observer variability in measurement.

Clinical endpoints, including hepatic decompensation events,
liver transplantation, and death, represent well-validated outcomes
and would serve as acceptable trial endpoints for full approval in
the traditional FDA regulatory pathway. However, due to the laten-
cy and variability of disease progression in patients with MASH
fibrosis or cirrhosis, the use of clinical endpoints creates unique
challenges, including the potential need for a larger sample size
to ensure an adequate number of clinical events, a longer time-
frame beyond one year to reach a primary endpoint, and careful
patient selection to appropriately identify patients with compen-
sated cirrhosis with or without portal hypertension and without
prior hepatic decompensation events. Scores such as the MELD
and Child-Pugh-Turcot have been extensively validated in predict-
ing clinical outcomes in patients with cirrhosis. Therefore, a delta
change in these markers may represent complementary measures
for assessing the clinical efficacy of novel agents in patients with
compensated MASH cirrhosis.

Therapeutic strategies and preliminary outcomes

There are currently ten drugs that have been studied in either phase
2 or phase 3 trials to assess their efficacy in patients with MASH
cirrhosis. Table 1 summarizes these trials by drug, mechanism of
action, trial design, and trial outcomes.

Farsenoid X activated receptor pathway

OCA is a synthetic derivative of chenodeoxycholic acid, an en-
dogenous bile acid, and a highly selective agonist for the farnesoid
X-activated receptor (FXR), a nuclear bile acid receptor and
transporter. It was approved for the treatment of primary biliary
cholangitis. FXR agonism has a spectrum of cell-type specific ef-
fects.!51 Activation within ileal enterocytes causes the release of
fibroblast growth factor (FGF) 19, which then acts on hepatocytes
to decrease bile acid synthesis. OCA has also demonstrated modu-
lation of inflammatory cells and inhibition of hepatic stellate cell
activation, thereby having direct anti-fibrotic effects.!” Subsequent
phase 3 studies of OCA in patients with MASH and F1-F3 fibro-
sis demonstrated a significant reduction in fibrosis by one stage
or greater (12% placebo vs 23% OCA 25 mg over 18 months).
However, it was not approved by the FDA due to an unfavorable
benefit/risk balance. OCA was further studied in the REVERSE
phase 3 clinical trial to assess histological improvement in fibrosis
in adults with compensated cirrhosis due to MASH. In this trial,
a cohort of 919 subjects treated with OCA 10-25 mg showed fi-
brosis improvement of one stage or greater at 18 months in 11.9%
of subjects versus 9.9% in the placebo group (not statistically sig-
nificant). Although OCA has demonstrated anti-fibrotic effects in
patients with F2-F3 fibrosis, it remains uncertain if it can be safely
combined with other novel therapies to enhance fibrosis reversal in
patients with either fibrosis or cirrhosis (NCT03439254).18
Aldafermin (formerly known as NGM282) is an engineered
analog of FGF19, a hormone that plays a key role in bile acid me-
tabolism by acting downstream of FXR signaling.'® Its mechanism

DOI: 10.14218/JTG.2024.00040 | Volume 3 Issue 1, March 2025



J Transl Gastroenterol

(0'T = d) ogade|d *sA 8H ww Gz'0-
pamoys dnoud 83/3w g ay1 pue (0°T
=d) ogade|d ul SH ww QT 0+ 'SA SH
wuw gz'0- pamoys dnoud 8%/3w z aya

'97 399M 1€ (DdAH) 3ud

uoisuapadAy [eyiod

11

‘0qaoe|d pue JUaW3EeaJ} U9AIMII] IUD -IpeJ8 aunssaud snouan pue SISoyJJ1d paje|as Joyqiyul ‘ou| sainad
-19)1p 3uedyiudis oN :@8ueyd DdAH qz onneday ur uoidNpay  -HSVN Yim siuaned z9T /96291Z01ON €-ud9en  -eJay] uidd|en uipoadejag
(99 :8w Qg ueuesedlw3
ogade|d §T°0- ‘SA 8w G uesedlw3 (9dAH) 1ua1pesd {69 :3w gz ueseolwg
8"~ SA 8w Gz uesedlw3 18- SA Sw aJnssald snouan dlzed ‘69 :8w g ueseow3  ($0Z096Z0LION) Jouqyul sn1euo)
0G ueseduwy 0/°- :98ueyd OdAH z -3y Ul uoj3Npay /9 :0092e|d) £9C Hd-340DN3 asedse) JuadoisiH uesedlwy
D %8'TT 'SAYId %T'CT 'SA13S
%9°8C 'SA Y4 +13S %S'ST 'SAOTID + (Y14) 1e3s020s.14
T3S %1°6T "SA 011D + YId %6°0¢ :3usW (82:011D +HI4 ‘L +(011D) 40x340]1D
-9noJdwi S1S04qI4 "S3S9) UOIIUNY JBAI| HSVIAl S8uluasiom 011D +13S ‘6L Y4 + 1siuoSe 403 +(13S) gqi4es
pue ‘uondNpal SYN ‘uswanoidwi noyum a8ers TAQ 135 ‘0% (01D ‘Ot *MId ‘6€  (9t¥6VFEOLON) -daoau yxd -uo|as Adesayy
sisoiquy Suisiwoud pamoys 01D + Y4 qc SIS0.ql} JO |BSISARY 73S ‘6€ :0992e|d) T6E SVILY ~ U0NQIYUI THSY ~ S9IU3IIS pes|i uoneuiquoy
ogade|d %92 'sh 8w 05 X43 %09
"SA SW 8T X43 %9 :uoinjosal HSYIN
'0ga2e|d %0T "SA SW 05 X437 %¥T "SA
Sw 87 X43 % :3uswanoidwi sisolqi4 HSVIN 8uluasiom
“Juswanosdwl S1S0Iql4 SPJeMO) pudJ] 1noyum agdess 12 Aq (0S¥6£0S01DN) soianad (x43) ulw
uisiwoud e smoys elep 9¢ 3a9M qc SIS01ql} JO |BSISAdY (43 AYLININAS dlwiw 72494 -BJ3YL o3V -~494IXN443
0gade|d %S0T "SA MO SW 06 97986 (zv :MmD 3w 06
-SING %T'L "SA MO SW St €97986-SINE €97986-SINg ‘¥ :MD
%2 ¢T :3uswanoadwi sisolqi ‘Jusw 2T YoM 1e a8els 12 Sw g €972986-SING qqinbs
-1e3.} 4O Adedly)d WId) 1oYS JO 3oe 4 Aq sisoiqyy jo [esianay ‘0¥ :0992e(d) ¥TT €6E/9CVY0LON  J0Mqlyul Z7dSH s1aAaIN-|03s1ig €97986-SINg
(GG :Bw € ulwudgep|y
9J00S 473 padnpad Zv 8w T ulwusgep|y
ogaoe|d €0 "sA Sw T ulwJdjeple Z:0 Ag painseaw se sis £ 8w grouiwiajeply  (SYZOTZPOLDON) s|eaianadsew
'SA SW € ulwIdjeple Z'0- :uondnpal 413 qc -0.ql} O [esionY ‘95 :0022e|d) 09T 7-3INIdTVY Sojeue 67494 -leydoig INON ulwsiep|y
ogade|d %z 67 "SA apian|Sewas
%9°0T :3uawanoidwi sisouql ‘ogaoe|d 87 99Mm 1e HSYIA Sul
J3A0 UOIIN|0SaI HSYIAl 9A31YdE. U0 SIS -U3SIOM InoyUM a3e31s (Lt :8w 'z 9pnn|3 1siuose 403
-04ql4 dnosdwit Ajpuediyiugis Jou pig T T Aqsisoiqy jo |esianay -Bwas 7 :0q92e(d) TL TSV/86€0LON -da2a.1 1-d19 3SIPION OAON apin|Sewas
0ga2e(d T°0- 'SA 8w Q0L INIS 0°0 (9dAH) 1uaipess (98 :3w 00L IS 2101 38Ul
*SA 3w 00Z IS T°0- :9dAH Ul 88ueyd ainssasd snouan d1jed /8 :8w 00z IS -1984e3 Apoqiaue (INIS)
"jutodpua Adealys 199w J0U pia qc -9y Ul uoidnpay ‘S8 :0qade|d) 85T 6/8C/9TOLON |BUO|DOUOIAl  SDIUBIDS pe3|iH qewnzniwis
0022e[d %8'ZT 'SA 3w 8T 13S
%8°CT 'SA 8W 8T 13S %' vT :3ulua 8 %29M 18 HSVIA 8ul (vS€ 8w 8T
-SIOM INOYHM Judwanolduwl sisouqid -U3SIOM INOYHM 35e3s 13S‘TGE8W9T13IS  (E90ESOE0LON) J0UqIYUI THSV
"jutod pus Asewid 323w 30U pIa € T Aqsisoiquy Jo [esianay ‘71 :00908|d) £/8 $-4VT131S  d|nddjow |[BWS  SIDUIIDS ped|ln  (13S) gIHasuUo|ds
0ga2e|d %66 "SA SW 0T VIO %T°TT
'SA 8w GZ 03 pajesiy 8w 0T VIO %6°TT HSYIAl Suluasiom  (QT€ :8w G 03} pajesyy 1s1uo3y (¥X4) s|eannasew
:Juswanoidwi s1s04ql4 *dnoJd uoljuaAIR} noyum aders T2 AqQ  Sw QT VD0 ‘96C :8w QT (PSTEEYEOLDN) 101da39y X -deyd 1daouaiu| (V20) pv
-ul Aq paysi|qesss jou jujodpus Alewiid € SISOJQl JO [ESI9ARY VDO ‘ETE :0032e|d) 616 EINELER] plouasiey [euwsisey|y 2104213990
synsay  aseyd jujodpua Atewnd azis 9|jdwes  siaynuapj jelL wisiueyd3N Josuods aweu Snig

Nasir S.A. et al: Novel therapies for MASH cirrhosis

SISOULIID HSVIAI YyHM $3193fgns uj sjen3 € pue z aseyd pasajdwo) T 9|qel

DOI: 10.14218/JTG.2024.00040 | Volume 3 Issue 1, March 2025



J Transl Gastroenterol

of action involves binding to and activating the FGF receptor 4
on hepatocytes, which results in the downregulation of bile acid
synthesis through inhibition of cholesterol 7a-hydroxylase, the
enzyme responsible for converting cholesterol into bile acids in
the liver.!” Aldafermin was studied in patients with compensated
MASH cirrhosis in the ALPINE 4 trial,'® in which participants
were randomly assigned to receive either aldafermin 1 mg, 3 mg,
or placebo. The primary endpoint was the change from baseline
ELF score to ELF score at week 48 of treatment. The aldafermin
3 mg group experienced a mean decrease in ELF score of 0.5 at
week 48, and histological fibrosis improvement of one stage or
greater without worsening steatohepatitis was achieved in 20%,
16%, and 13% of patients in the 3 mg, 1 mg, and placebo groups,
respectively. Additional studies may be needed to further examine
the potential effect of aldafermin on histological fibrosis endpoints
and/or clinical outcomes in patients with MASH-related cirrhosis.

Apoptosis signal-regulating kinase 1 inhibitor

Selonsertib is an apoptosis signal-regulating kinase 1 (ASKI)
inhibitor and a member of the mitogen-activated protein kinase
family that activates the JNK and p38 mitogen-activated protein
kinase pathways in conditions of oxidative stress and proinflam-
matory cytokine exposure.!” Animal model studies in ASK1 gene
knockout models have shown no effect on liver weight, triglycer-
ide content, and steatohepatitis in mice fed with high-calorie diets
compared to those fed regular diets. Subsequent studies showed
that inhibition of ASK 1 reduced cell death and hepatic fibrosis.?%2!
In 2016, Selonsertib was studied in a phase 2 protocol that exam-
ined a cohort of patients with biopsy-proven MASH and F2-F3
fibrosis. This trial revealed significant histological improvement
in MASH activity score and reduction in fibrosis, supporting the
development of a phase 3 program, which evaluated Selonsertib
in F3 fibrosis (STELLAR-3) and compensated cirrhosis (STEL-
LAR-4, NCT03053063).2223 The primary efficacy endpoint was
the proportion of patients with >1-stage improvement in fibrosis
without worsening of NASH at week 48; however, no anti-fibrotic
effect was seen in patients enrolled in either STELLAR-3 (F3) or
STELLAR-4 (cirrhosis).

Galectin-3 inhibitor pathway

Belapectin is an investigational drug that targets galectin-3, a car-
bohydrate-binding protein implicated in liver fibrosis and inflam-
mation. Galectin-3 contributes to fibrogenesis in liver disease by
promoting macrophage activation and hepatic stellate cell activ-
ity, leading to collagen deposition and fibrosis development.24 By
inhibiting galectin-3, belapectin represents an attractive approach
to targeting fibrosis and portal hypertension. In a phase 2b ran-
domized controlled trial, subjects received biweekly infusions of
Belapectin at 8 mg/kg, 2 mg/kg, or placebo over 52 weeks.?* The
primary endpoint, delta change in HVPG, was not statistically dif-
ferent between groups: —0.28 mm Hg, —0.25 mm Hg, and +0.10
mm Hg, respectively. However, a subgroup analysis revealed that
belapectin demonstrated a significant decrease in HVPG and inci-
dence of new varices among patients without baseline esophageal
varices. These findings have supported the ongoing NAVIGATE
phase 3 trial, which examines the impact of belapectin on the de-
velopment of varices in MASH cirrhosis NCT04365868.

Fibroblast growth factor analogues

FGF21 is a stress-induced hormone primarily produced by the
liver and adipose tissue. Its signaling is limited to tissues that ex-
press the B-klotho co-receptor, including the liver, where FGF21
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can have paracrine effects. Stressed hepatocytes release FGF21,
which protects hepatocytes from lipotoxicity, increases fatty acid
oxidation, and modulates stellate and Kupffer cells, resulting in
decreased inflammation and fibrosis.?S Efruxifermin is a long-
acting FGF21 analogue, formed by a modified sequence of native
human FGF21 fused to the Fc region of human immunoglobulin
G1. Mutations in the FGF21 moiety in efruxifermin increase its
half-life in humans to more than three days and enhance its binding
affinity to the obligate co-receptor.?® In a phase 2a study involving
patients with F1-F3 MASH, efruxifermin significantly reduced
liver fat, markers of liver injury and fibrosis, and resulted in an
improvement in glucose and lipid parameters.?’ Notably, 50%
of patients with F2 or F3 MASH experienced a two-stage rever-
sal of fibrosis after only 16 weeks of treatment. Based on these
results, efruxifermin was studied in the phase 2b SYMMETRY
trial, which enrolled subjects with compensated cirrhosis due to
MASH.(NCT03976401) Participants were randomized to 50 mg
weekly, 28 mg weekly, or placebo. The primary endpoint of >1
stage improvement in fibrosis without worsening of MASH was
achieved in 24%, 22%, and 14% of subjects at 24 weeks of treat-
ment, and 39%, 29%, and 15% of subjects at 96 weeks of treat-
ment. Although these differences were not statistically significant
at 24 weeks, the 24% placebo-adjusted delta at 96 weeks was sta-
tistically significant (p < 0.01). Significant improvement was also
observed on the MASH resolution endpoint with efruxifermin at
24 weeks (60-63% vs. 26% placebo) and 96 weeks (55-59% vs.
18% placebo). Efruxifermin is currently under evaluation in the
phase 3 SYNCHRONY trial, which includes both a real-world and
outcomes protocol in patients with compensated MASH cirrhosis.

Glucagon-like peptide 1 analogues

Glucagon-like peptide-1 receptor agonists (GLP-1RA) have
emerged as a promising drug class with demonstrated weight
loss benefits in patients with obesity and type 2 diabetes mellitus.
This has been associated with significant improvements in meta-
bolic, cardiovascular, and renal outcomes.’?% GLP-1RAs were
first evaluated in the treatment of steatohepatitis in a phase 2 ran-
domized controlled trial, which revealed that liraglutide was as-
sociated with improvement in steatohepatitis, although no impact
on fibrosis was observed.?? Newer GLP-1RAs have shown greater
efficacy for weight loss and were subsequently studied in the con-
text of MASH. A phase 2 study of semaglutide found that 41.6%
of patients treated with semaglutide achieved MASH resolution,
compared to 18.3% in the placebo group; however, no improve-
ment in fibrosis was observed.?? In the context of these findings,
a phase 2 trial evaluated the effect of semaglutide 2.4 mg weekly
for 48 weeks in subjects with compensated MASH cirrhosis, but
no improvement was observed in MASH resolution or fibrosis
improvement between the semaglutide and placebo groups.’! An
additional phase 2 trial examined the combination of semaglutide
with cilofexor (FXR agonist) and/or firsocostat (acetyl-CoA car-
boxylase inhibitor) to assess efficacy in patients with non-cirrhotic
MASH fibrosis. This study revealed a significant decrease in liver
steatosis on MRI-proton density fat fraction (PDFF) and non-inva-
sive fibrosis markers, including LSM and ELF, and has supported
an ongoing protocol in subjects with MASH cirrhosis.?

Other pathways

Other drugs studied for MASLD-related cirrhosis have shown lim-
ited promise. Lysyl oxidase-like 2 (LOXL2) is a secreted enzyme
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that plays a key role in tissue fibrosis by cross-linking collagen
and elastin. In murine models of pulmonary and hepatic fibrosis,
an inhibitory antibody targeting LOXL2 demonstrated preven-
tion and reversal of liver fibrosis.** Simtuzumab is a humanized
monoclonal antibody that inhibits LOXL2 and has been tested
for its ability to reverse and/or halt fibrosis. A phase 2b clinical
trial®* examined the role of simtuzumab in patients with compen-
sated cirrhosis, with primary endpoints being a change in baseline
HVPG at week 96 and time to the first liver-related event (variceal
bleeding, ascites, hepatic encephalopathy, liver transplantation, or
a 2-point increase in the Child-Pugh-Turcot score) or death. Sim-
tuzumab was not associated with a significant reduction in HVPG
or liver-related events.

Emricasan is a first-in-class small molecule pan-caspase inhibitor
that has been examined as a potential anti-fibrotic agent for liver dis-
ease.’’ Lipotoxicity within the liver can activate caspases, resulting
in hepatocyte apoptosis and the release of inflammatory cytokines
such as interleukin 1 and interleukin 18, supporting the hypothesis
that caspase inhibition may be associated with anti-inflammatory
and anti-fibrotic effects beneficial for MASH-associated fibrosis.
This was further supported in mouse models and early human stud-
ies, which revealed a decrease in HVPG by 3.7 mm Hg.3%37 A phase
2 placebo-controlled trial randomized subjects with biopsy-proven
steatohepatitis and F1-F3 fibrosis to emricasan 50 mg, 5 mg, or pla-
cebo for 72 weeks. No significant difference in histologic fibrosis
improvement was found.*® The ENCORE-PH phase 2b trial rand-
omized patients with biopsy-proven cirrhosis and baseline HVPG
> 12 mm Hg to twice-daily oral emricasan (5 mg, 25 mg, 50 mg)
or placebo for 48 weeks.?* The primary endpoints for this study
were reduction in HVPG, development of liver-related events, and
changes in fibrosis biomarkers. No improvement was demonstrated
in HVPG or liver-related events.

BMS-986263 is a retinoid-conjugated lipid nanoparticle de-
livering small interfering RNA designed to inhibit the synthesis
of heat shock protein 47.40 Heat shock protein 47 is a collagen-
specific chaperone, helping to correct the triple-helix formation of
procollagen within the endoplasmic reticulum. Conjugation with
retinoids enhances targeted delivery to hepatic stellate cells. Based
on early studies that demonstrated robust improvement in fibro-
sis in animal models,***> BMS-986263 was studied in a phase 2
randomized controlled trial in patients with hepatitis C-associated
cirrhosis who achieved sustained virological response. They were
randomized to receive BMS-986263 45 mg or 90 mg weekly or
placebo for 12 weeks. The primary endpoint (>1 stage fibrosis im-
provement at week 12) was achieved in 21%, 17%, and 13% of
subjects, respectively. These findings supported further examina-
tion of BMS-986263 in a phase 2 trial in subjects with MASH-
associated cirrhosis. No significant reduction in HVPG or liver-
related events was observed in the BMS-986263-treated patients
versus placebo. (NCT04267393).

Therapies being studied in clinical trials

While certain drugs have already been studied, ongoing trials con-
tinue to assess the efficacy of others for patients with MASH cir-
rhosis. Table 2 highlights these drugs, their mechanisms of action,
and their current trials.

The NAVIGATE study is a phase 2b/3, randomized, double-
blind, placebo-controlled clinical trial assessing belapectin’s po-
tential to prevent esophageal varices in patients with MASH and
Child-Pugh A cirrhosis without esophageal varices. Participants
are randomized in a 2:1 ratio to receive belapectin 2 mg/kg or
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placebo intravenously every two weeks for 78 weeks (primary
outcome) or 156 weeks (secondary outcomes). The primary end-
point is the proportion of patients who develop new esophageal
varices, as confirmed by endoscopy. Secondary endpoints include
the development of ascites requiring hospitalization, hepatic en-
cephalopathy (West Haven score >2 and requiring hospitalization),
all-cause mortality, or the need for liver transplant. This study will
demonstrate the effectiveness of belapectin in preventing decom-
pensation in patients with MASH cirrhosis.

The phase 3 MAESTRO-NASH-Outcomes trial is an event-
driven, randomized controlled trial in which a cohort of 700 pa-
tients with MASH cirrhosis is randomized in a 3:1 ratio to receive
resmetirom 80 mg daily or placebo for a duration of two to three
years. The trial will be evaluated based on the primary endpoint
of time to a composite clinical outcome, including liver-related
events (e.g., ascites, hepatic encephalopathy, variceal bleeding),
liver transplant, or all-cause mortality.

Survodutide has been evaluated in a phase 1 trial, which was a
two-stage, open-label study assessing its safety, pharmacokinetics,
and efficacy in compensated or decompensated MASH-related cir-
rhosis. In the initial phase, all 41 participants received a 0.3 mg dose,
showing consistent pharmacokinetics in patients with and without
cirrhosis, suggesting that no dose adjustments are needed for patients
with cirrhosis. In the second phase, participants were administered
weekly subcutaneous doses starting at 0.3 mg, titrated to 6.0 mg over
24 weeks, and maintained for four additional weeks, permitting as-
sessment of dose tolerability and efficacy. At week 28, significant
reductions were noted in key liver and metabolic parameters such as
liver fat content, measured by MRI with PDFF, in patients with cir-
rhosis compared to those without. Additionally, LSM, measured by
MRI elastography, as well as ELF scores, also showed a decrease.
Given these findings, survodutide represents a potential therapeutic
target in the treatment of MASH cirrhosis.

Pegozafermin is a specifically engineered glycoPEGylated
analog of FGF21. FGF21 is an endogenous hormone involved in
multiple metabolic pathways, including regulating glucose and li-
pid metabolism and energy expenditure. Pegozafermin has direct
anti-fibrotic and anti-inflammatory properties, as well as metabol-
ic effects such as reduced triglyceride levels, and improvement in
insulin sensitivity and glycemic control. ENLIGHTEN-Cirrhosis
is a phase 3, randomized, double-blind, placebo-controlled trial ex-
amining the efficacy and safety of pegozafermin for the treatment
of MASH in 760 patients with compensated cirrhosis (F4), who
will be randomized 1:1 to receive either pegozafermin 30 mg sub-
cutaneously weekly or placebo. The primary endpoint is time to
the first event of disease progression, based on a composite of pro-
tocol-specified clinical events, and the proportion of participants
achieving fibrosis regression. Key secondary endpoints include the
proportion of participants who develop clinically significant por-
tal hypertension, change from baseline in enhanced liver fibrosis
(ELF) score, and change from baseline in fibroscan VCTE.

WAYFIND is a phase 2, randomized, double-blind, double-dum-
my, placebo-controlled 72-week study evaluating the safety and effi-
cacy of semaglutide and the fixed-dose combination of cilofexor and
firsocostat, alone and in combination, in 457 subjects with compen-
sated cirrhosis due to MASH. The primary outcome is the percent-
age of participants who achieve >1-stage improvement in fibrosis
according to the NASH Clinical Research Network classification,
without worsening of MASH in participants treated with safety and
efficacy of semaglutide + cilofexor/firsocostat versus placebo.

Efinopegdutide (MK-6024) is a dual GLP-1 receptor and gluca-
gon receptor agonist being studied as part of a phase la trial for
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efficacy and safety in compensated MASH cirrhosis. The primary
outcome is a change in MRI-estimated PDFF. Secondary outcomes
include changes from baseline in iron-corrected T1 (ctl), enhanced
liver fibrosis (ELF), and LSM assessed by VCTE. A study to test
whether avenciguat (BI 685509), alone or in combination with
empagliflozin, improves portal pressures in compensated cirrhosis
caused by viral hepatitis or MASH was terminated early.

Limitations

Our review uniquely focuses on summarizing therapeutic modali-
ties that have been studied within the context of MASLD-related
cirrhosis. It has important limitations, including the exclusion of
studies examining the larger group of investigational agents in
clinical trials for subjects with F2-F3 fibrosis. Additionally, this
review only encompasses drugs that have been publicly reported
on ClinicalTrials.gov, with formal reports of study design and/or
trial results as of November 2024, and is subject to publication bias
due to the exclusion of unreported studies or trial results.

Conclusions

MASH-associated cirrhosis is increasingly prevalent among pa-
tients with MASLD and is associated with substantial morbidity
and mortality due to hepatic decompensation, hepatocellular carci-
noma, major adverse cardiovascular events, and all-cause mortali-
ty. The unique challenges of this population require novel, differen-
tiated approaches to drug development and support an independent
regulatory framework for rational clinical trial endpoints. These
endpoints should include a combination of histologic outcomes
(MASH resolution and/or fibrosis improvement of one stage or
greater), liver-related events (hepatic decompensation, worsening
MELD score), and both liver-related and all-cause mortality. Re-
cent clinical trial history in MASH cirrhosis has been sobering due
to multiple failures in a growing “graveyard” of drug development.
These setbacks highlight both the difficulty in achieving statisti-
cally significant fibrosis improvements in this population and the
urgent need for innovative approaches targeting liver fibrosis and
portal hypertension. Previous programs in the F4 population have
failed for several reasons, including weak potency in liver-directed
effects on fibrosis, short trial duration below the threshold required
to observe histologic benefits, inadequate validation in phase 2 due
to small sample sizes, absence of placebo controls, reliance on sub-
group analyses, intrinsic variability in the placebo arm response
rate, and methodological limitations in study population, endpoint
selection, and trial design. Current ongoing phase 2 and 3 trials
evaluating novel agents such as THR-beta receptor agonists, ga-
lectin-3 inhibitors, FGF21 analogues, GLP-1/glucagon receptor
agonists, and novel combination approaches offer hope for future
advances in drug therapy for patients with MASH cirrhosis.
Based on available data, FGF21 analogues appear to be best po-
sitioned to demonstrate efficacy in the compensated cirrhosis pop-
ulation on the fibrosis endpoint (reversal of F4 to F3 or less) due to
their potent direct antifibrotic properties, mediated through inhibi-
tion of stellate cell activation, as well as indirect antifibrotic effects
through significant decreases in liver triglycerides, inflammation,
and lipotoxicity. The recent report of 96-week data from the phase
2 SYMMETRY trial (ClinicalTrials.gov; ID NCT05039450) re-
vealed that 39% of subjects in the efruxifermin 50 mg dose arm
achieved fibrosis reversal (versus 15% in the placebo arm), mark-
ing the first demonstration of histologic cirrhosis reversal in a ran-
domized controlled trial to date. Future studies with efruxifermin
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and pegozafermin will further clarify the potential role of FGF21
analogs in the F4 population. Future advances in drug develop-
ment for MASH cirrhosis will require further exploration of novel
two- or three-agent combination approaches with metabolic, anti-
inflammatory, and anti-fibrotic mechanisms that may enhance syn-
ergy on MASH and fibrosis endpoints. There will also be a need
for further validation of histologic and biomarker endpoints, such
as elastography or ELF, which may serve as surrogate endpoints
for accelerated approval, separate from clinical outcomes.

Drug development for MASH with F2-F3 fibrosis has been exten-
sively summarized in multiple recent reviews. Therefore, this con-
cise review aimed to provide a focused summary and interpretation
of drug development for MASH cirrhosis and may help inform clini-
cians, patients, investigators, and industry partners on current pro-
gress and future directions in research for this important population.
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