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Abstract: Metabolic dysfunction-associated steatotic liver disease (MASLD), the hepatic manifestation of metabolic syndrome, has
emerged as the leading cause of chronic liver disease worldwide. Its global prevalence estimated at 38% between 20162019,
representing a nearly 50% increase compared with 1990-2006. A subset of patients with MASLD will develop Metabolic dysfunction-
associated steatohepatitis (MASH), which can progress to cirrhosis and require transplantation. Until 2024, no therapy was available
for the treatment of MASH. In 2024, resmetirom became the first drug approved for the treatment of MASH. The approval of
semaglutide, a GLP-1 agonist for the treatment of MASH, followed this development. Besides these two drugs, multiple other
pharmacologic therapies targeting metabolic and inflammatory pathways currently under active development. Fibroblast growth factor-
21 (FGF-21) has emerged as a key endocrine regulator with physiological effects on glucose and lipid metabolism. Efimosfermin,
a long-acting once-monthly FGF-21 analogue, is currently under development and represents a promising therapeutic option for
MASLD, with the added advance of long-term adherence. Phase 2 clinical trials have reported efimosfermin to be beneficial in MASH
resolution and fibrosis regression in patients with MASH and F2/F3 fibrosis. This review summarizes the biologic rationale, clinical
development and emerging therapeutic role of efimosfermin in the treatment landscape of MASH.
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Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) is now the most common chronic liver disease
worldwide, with an estimated prevalence of MASLD reported to be at 38%, suggesting that 1 in 3 people has
MASLD.! MASLD is not only a leading cause of liver disease but has also been associated with a higher risk of
cardiovascular mortality.? In approximately 20% of patients, MASLD can progress to metabolic dysfunction-associated
steatohepatitis (MASH), characterised by inflammation and ballooning degeneration of hepatocytes, which can progress
to cirrhosis and hepatocellular carcinoma (HCC).' The burden of MASH continues to rise, and it is now the leading cause
of transplantation among women in the United States.’

Until early 2024, there were no approved pharmacologic therapies, and lifestyle modification remained the corner-
stone of management. This paradigm shifted in March 2024, when resmetirom became the first drug approved for
patients with MASH.? Subsequently, semaglutide, a GLP-1 agonist was approved for patients with MASH. Both
therapies have been reported to have meaningful anti-fibrotic effects in randomized placebo-controlled Phase III clinical
trials., with improvement of >1 fibrosis stage in 25.9%-29.9% of patients receiving resmetirom (vs 9.7% in the placebo

group) and 36.8% of patients receiving semaglutide (vs 22.4% in the placebo group).” Fibrosis regression is a key
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regulatory endpoint, as multiple studies have reported that advanced fibrosis stage is associated with hepatic adverse
events, including liver transplantation and decompensation.®

Several additional therapies are currently being studied as anti-fibrotic therapy among patients with MASH. Among
these, fibroblast growth factor-21 (FGF-21) analogues are of significant interest. FGF-21 is a key metabolic hormone that
regulates lipid oxidation, glucose homeostasis, and hepatic inflammation.” FGF-21 signalling is a key regulator of
multiple pathogenic pathways of MASH, including steatosis, inflammation, and fibrosis.” While resmetirom and
semaglutide exert their anti-fibrotic effects primarily through metabolic improvements, FGF-21 analogues offer a dual
mechanism, combining metabolic improvements with a direct anti-fibrotic effect via hepatic stellate cells (HSC)/
macrophage pathways.® Multiple phase 2/3 clinical studies have reported significant improvement in fibrosis stage
among patients receiving FGF-21 analogues. Efimosfermin, an FGF-21 analogue was recently studied in a phase 2a
clinical trial and reported promising results.” This review aims to summarize the current literature on the mechanism of
action, clinical trials, and future directions for efimosfermin.

The Role of FGF-21

FGF-21 is a member of the FGF superfamily and is closely related to FGF-19 and FGF-23.'"° FGF-21 binds to coreceptor
B-klotho (KLB), which enables it to escape the interstitial environment and enter the systemic circulation to act as an
endocrine hormone."' The major organs regulated by this hormone include the liver, pancreas, adipose tissue, small
intestine, and muscle.'> During human evolution, there was a survival advantage to consuming large amounts of energy
quickly, especially fructose.'® Fructose metabolism rapidly depletes ATP, resulting in substantial stress on the liver."? In
response to stress, hepatocytes upregulate FGF-21 expression.'* FGF-21 acts via endocrine, autocrine, and paracrine
pathways to reduce metabolic stress and protect hepatocytes from injury.

Endocrine Effects

There is a strong correlation between FGF-21 levels and macronutrient levels.'* !¢ During a low-protein, high-
fructose, or carbohydrate diet, the levels of FGF-21 increase.'*'® FGF-21 levels have also been reported to reduce
the desire to eat sweet-tasting foods.'”'® FGF-21 also plays a role in insulin sensitivity. By increasing insulin
sensitivity during positive caloric balance, FGF-21 redirects energy from the liver to the peripheral adipose tissue
and skeletal muscles. Furthermore, due to enhanced insulin sensitivity, FGF-21 reduces the release of free fatty acids
into the circulation, thereby limiting their hepatic uptake.?’ Due to increased sensitivity, insulin promotes the uptake
of chylomicrons from the gastrointestinal tract and very low-density lipoprotein (VLDL) secreted by the
hepatocytes.”! These properties have resulted in development of FGF-21 analogues as treatments for MASLD/
MASH.

Autocrine Effects

FGF-21 protects against endoplasmic reticulum stress and increases the anti-oxidative capacity of hepatocytes by
activating the transcription factor Nrf2.>*>* FGF-21 also increases autophagy of misfolded proteins and suppresses pro-
apoptotic pathways and increasing the expression of transcription factor HNF-4a (hepatocyte nuclear factor-4a),
a regulator of the functional capacity of hepatocytes, including albumin synthesis, gluconeogenesis, lipid metabolism,
and cytochrome P450-mediated oxidative pathways.>> >’ Among patients with MASH, HNF-4a expression is reduced,
providing a rationale for the efficacy of FGF-21 analogues for treatment of this disease.?’

Paracrine Effects

FGF-21, released by stressed hepatocytes, modulates the activity and phenotype of Kupffer cells and HSC.**2° FGF-21
shifts the phenotype of macrophages from an inflammatory to a repair phenotype.?® In vitro studies have reported that
FGF-21 suppresses HSC differentiation into myofibroblasts.”’ In vivo studies have reported that FGF-21 loss accelerates
fibrosis progression in the lungs, pancreas, liver, kidney, and heart.>**** Studies have also reported that loss-of-function

mutations in FGF-21 pathways increase the risk of liver fibrosis.**
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Sympathetic Effects

FGF-21 exerts central nervous system effects that complement its peripheral metabolic action via the ability to cross the
blood-brain receptor and act on receptors that express B-klotho (KLB).**>” Recently, Rose et al used dietary models of
MASH to demonstrate that the weight-loss effects of FGF-21 are secondary to signalling from KLB-expressing cells in
both the central nervous system and adipose tissue.’® Their study suggested that cholesterol metabolism is governed
primarily by neuronal activation. It also reported that FGF-21 increases hepatic sympathetic activity. They also reported
that both the central and peripheral nervous systems are required for FGF-21’s hepatic effects.>® Owen et al using a mice
model reported FGF-21 promotes weight loss by activating sympathetic nervous activity to the brown adipose tissue.’’
However, the relevance of this mechanism in humans remains unclear because human adipose brown tissue is limited and

heterogeneous.>®

Crosstalk with Other Hormones
Besides Insulin, FGF-21 modulates the activity of other hormones that regulate metabolism. FGF-21 has been reported to
increase glucagon receptor expression in the liver, as well as potentiate thyroid hormone receptor signalling in the liver
by upregulating thyroid hormone receptor p (THR-B).>*** These changes result in increased fatty acid oxidation and
triglyceride synthesis in the liver.*

FGF-21 results in increased secretion of adiponectin from the adipose tissue.*' This may contribute to its role as
a mediator of metabolism, inflammation, and fibrosis.**** Among patients with MASH, lower adiponectin levels are
associated with insulin resistance, steatosis, and liver inflammation.**** Increased levels of adiponectin are associated
with increased insulin sensitivity.*> In the liver, adiponectin promotes fatty acid oxidation and inhibits de novo
lipogenesis.*® Adiponectin also suppresses Kupffer cell activation.*” Adiponectin has also been shown to shift differ-
entiation of monocytes from anti-inflammatory phenotype of M2-like macrophages and suppress pro-inflammatory
macrophages.*® Adiponectin also inhibits HSC activation by leptin, thereby preventing fibrosis.*”*** Figure 1 shows
the effect of FGF-21 on various organs.
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FGF-21 Analogues

As mentioned above, FGF-21 has many beneficial effects, but the main limitation is the short circulating half-life
(30 minutes to 2 hours).*’ This is primarily due to inactivation and renal clearance. FGF-21 is cleaved by endopeptidase
FAP (fibroblast activating protein), which reduces its binding capacity to KLB.>*>! Studies have reported that the FAP is
highly expressed in the liver of MASH patients with fibrosis.”> Thus, FGF-21 analogues were engineered to have
a longer plasma half-life. Three FGF-21 analogues, efruxifermin, efimosfermin, and pegozafermin, are currently in phase
33755 (Table 1). All these therapies have been reported to have a longer half-life than native FGF-21 and
are presently being studied with subcutaneous weekly/monthly dosing.

2/3 clinical trials.

Efimosfermin

Efimosfermin is a long-acting genetically engineered variant of human FGF-21, stabilized by amino acid substitutions,
and fused to the N-terminus of the human IgG Fc domain (Fc-FGF-21).> This fusion increases thermodynamic stability,
reduces proteolytic degradation, and prolongs systemic exposure.”> The half-life of this analogue has been reported to be
21 days.°’ While pegozafermin and efruxifermin are being studied for weekly/q2 weeks dosing, the long half-life
supports once-a-month dosing for efimosfermin.”*>°

Phase | Study Involving Hypertriglyceridemia and Obesity

Efimosfermin was initially studied among patients with obesity and hypertriglyceridemia.®® In a phase 1 randomized
controlled trial involving 64 participants, the use of efimosfermin was associated with reductions in triglycerides (54%),
total cholesterol (7%), and low-density lipoprotein cholesterol (12%), and an increase in high-density lipoprotein
cholesterol (36%).°* The study also reported an increase in adiponectin levels.> An improvement in markers of insulin
resistance, including insulin, C-peptide, and the homeostatic model of insulin resistance (HOMA-IR), was also noted.®'

Table | Comparison of Various FGF-21 Analogues Being Developed for MASH. Phase 2 Study Involving Patients with MASH and F2/
F3 Fibrosis

Efimosfermin Efruxifermin Pegozafermin
Pharmaceutical Company Boston/GSK Akero/Novo Nordisk | 89Bio/Roche/Genentech
Molecular Design Fc-FGF21 fusion Engineered FGF-21 Pegylated FGF-21 analogue®*
protein’ analogue®?
Half-life 21 days’ 3-3.5 days 2.5—4 days
Dosing Monthly® Weekly*? Once weekly or every 2 weeks>*
Drug administration Subcutaneous’ Subcutaneous® Subcutaneous™*
Phase of development Phase 2 (Going Phase 3%7 Phase 3°°

into Phase 3)*

>1 stage fibrosis improvement among patients with | Pending® 39% in 50 mg Fibrosis improvement in 9 of |1
Cirrhosis efruxifermin group®® | patients receiving therapy®
> stage fibrosis improvement among patients with | 45%>¢' 96-week data 22% in 15 mg pegozafermin group
F2-F3 fibrosis 46% in efruxifermin weekly
28 mg weekly 26% in 30 mg pegozafermin group
75% in efruxifermin weekly
50 mg weekly®? 27% in the 44 mg pegozafermin
44 mg every 2 weeks™
MASH resolution, without worsening of fibrosis 68%7! 46% in efruxifermin 37% in |5 mg pegozafermin weekly
among patients with F2-F3 fibrosis 28 mg weekly 23% in 30 mg pegozafermin weekly
75% in efruxifermin 26% in 44 mg pegozafermin every 2
50 mg weekly®>> weeks>*
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Hepatic fat fraction among patients receiving efimosfermin decreased by 56% compared to placebo.®? An improvement
in the alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), as well as in the non-
invasive markers of fibrosis, such as the Enhanced liver fibrosis (ELF) score and N-terminal type III collagen propeptide,
was noted.®” This study suggested the potential role of efimosfermin among patients with MASLD, and thus it was
studied in phase 2 trials.

Phase 2 Multiple-Dose Study Involving Patients with Obesity and MASH
In this 12-week study, individuals with MASH, aged 18-75 years and BMI>30, were randomly assigned to one of the
five cohorts: 75 mg every 4 weeks, 75 mg every 2 weeks, 150 mg every 4 weeks, 150 mg once every 2 weeks, or 300 mg
every 4 weeks.”> Of 102 patients, 65 received efimosfermin. At week 12, 47 of 53 patients (89%) receiving efimosfermin
had a 30% reduction in the hepatic fat fraction. All 11 patients who received 300 mg q4 weeks had >30% reduction in the
fat content. This supported the use of once-a-month dosing and was then assessed in a subsequent study.”
Efimosfermin was assessed in a phase 2a multiple-dose study involving 84 participants with biopsy-confirmed MASH
and F2 and F3 fibrosis. Of the 84 participants, 67 patients completed the 24-week biopsy. Patients on efimosfermin
therapy had a statistically significant higher rate of MASH resolution without worsening of fibrosis (68% vs 29%,
p<0.01), as well as fibrosis improvement without worsening of MASH (45% vs 21%, p<0.01.° Fibrosis improvement as
well as MASH resolution was noted in 39% of the participants, compared to 18% of the patients on placebo (p-0.066).”
Efimosfermin use also resulted in a statistically significant reduction in both the absolute and relative hepatic fat fraction
compared to placebo, with 32% of patients on efimosfermin therapy achieving liver fat normalization.” The open-label
extension of this study included 33 participants. Among patients in the open-label extension, 45.5% had >1 stage of
fibrosis improvement without worsening of MASH, and 63.4% achieved MASH resolution without worsening of
fibrosis.® A phase 3 trial is currently underway to assess the safety and efficacy of efimosfermin, as once-a-month
therapy for patients with MASH.*¢

Phase 2 Study Among Patients with MASH and Compensated Cirrhosis

A phase 2 randomized, double-blind, placebo-controlled study assessing the safety, efficacy, tolerability, and pharmaco-
kinetics of efimosfermin among patients with MASH and compensated cirrhosis is currently underway, with results
pending.>® Efruxifermin, another FGF-21 analogue, was studied in a phase 2b clinical trial involving 181 patients with
compensated cirrhosis. The study reported that 29-39% of patients in the efruxifermin group had cirrhosis reversal
compared to 14% in the placebo group.®® In another study, use of pegozafermin among patients with cirrhosis was
associated with a decrease in fibrosis in 45% of the participants receiving pegozafermin therapy, compared to 0% in the
placebo group.®

Safety Data

The most common adverse events reported in the efimosfermin trials are gastrointestinal adverse events and injection-site
reactions.’>*>% In the 12-week phase 2a trial, the most common adverse event noted were gastrointestinal adverse
events such as nausea, vomiting, or diarrhea;>> 40% of patients receiving efimosfermin therapy experienced gastro-
intestinal side effects. No treatment-related deaths were recorded. Efimosfermin is administered by subcutaneous
injection, and trials have reported injection-site reactions as a common adverse event. In the 24-week phase 2 trial, of
the 31 patients receiving efimosfermin, one patient experienced a serious adverse event (biliary colic). Two patients
discontinued therapy due to gastrointestinal side effects.” No cardiovascular or hepatotoxic adverse events were reported

in the clinical trials.’>%%3

Considerations for Combination Therapy and Drug Interactions

Gastrointestinal adverse events are common in both currently approved and investigational therapies for MASH. As more
therapies, including FGF-21 analogues are approved, the question of combination or sequential therapy is likely to
emerge in clinical practice. The timing and sequencing of the agents may be essential to minimize GI intolerance. The
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phase 2a trial of efimosfermin excluded patients on GLP-1 agonists. Phase 3 studies will include patients who have been
on stable GLP-1 therapy for 6 months and results will be important in understanding the role of combination therapy.’®

Currently, there is limited data on drug interactions between FGF-21 analogues and other drugs approved for
MASLD. As FGF-21 analogues undergo protein degradation and are not metabolized by the cytochrome p450 system
(CYP), there is a low likelihood of interactions with drugs that undergo CYP metabolism.’*>" Attention should be paid to
patients with MASLD and diabetes, as efimosfermin has been shown to improve glycemic markers, and its concomitant
use with anti-diabetic medications carries the theoretical risk of hypoglycemia.®® It is reassuring that the current phase 2
trials did not report hypoglycemia as a side effect. Among patients with hyperlipidemia on statins, the use of FGF-21
analogues will likely result in a significant reduction in low density lipoprotein (LDL) cholesterol and triglycerides,
potentially requiring de-escalation of lipid-lowering therapy.®’*®*> The phase 2a trial included patients on concomitant
stable statin therapy for 12 weeks, and no adverse effects have been reported.”

Effect on Cardiovascular Health

One of the significant causes of mortality among patients with MASLD is cardiovascular-related adverse events.® Thus, it
is pertinent to understand the role of efimosfermin on cardiovascular health. By improving insulin sensitivity, hyperli-
pidemia, and adiponectin levels, efimosfermin may improve cardiovascular outcomes in patients with MASLD.*!43:63
A meta-analysis of randomized controlled trials reported FGF-21 analogues reduce triglycerides and LDL cholesterol,
while increasing HDL cholesterol and adiponectin levels.®> FGF-21 may also play have a protective effect on the heart by
reducing myocardial cell apoptosis, oxidative stress and fibrosis.®® A study by He et al did not report a correlation
between a single-nucleotide polymorphism associated with the gain of FGF-21 mutation and the risk of coronary artery
disease and heart failure.®’

Phase 2 studies have not reported an adverse cardiovascular safety signal. Studies have reported that patients
receiving efimosfermin did not experience adverse changes in blood pressure or heart rate in the trials.”>**% To date,
no studies have assessed the impact of FGF-21 analogues on major adverse cardiovascular events. Long-term studies
evaluating the effect of FGF-21 on major adverse clinical events (MACE) will be beneficial in the future.

Effect on Bone Health
Pre-clinical studies have raised concerns regarding the effect of FGF-21 signalling on bone metabolism.®®"° In an animal
model, FGF-21 treatment was shown to inhibit osteoblastogenesis and stimulate adipogenesis in bone marrow, poten-
tially leading to increased bone loss.®® However, another murine model did not report these changes.®” FGF-21 has also
been reported to inhibit growth hormone-induced secretion of insulin-like growth factor (IGF-1), another putative
mechanism that may result in bone resorption.”®

Clinical trials of pegozafermin and efruxifermin, have not shown meaningful change in bone mineral density by dual-
energy X-ray absorptiometry (DEXA) (53.54). Currently, the overall clinical evidence is limited, and the phase 2 study of
efimosfermin excluded patients with osteoporosis. Given that patients with MASLD are at increased risk of osteoporosis
due to metabolic comorbidities, low testosterone levels, and cirrhosis-related bone disease, data on bone safety should
remain an essential consideration as longer-duration trials emerge.”' It is possible that DEXA scan may be
a recommended part of routine screening among patients receiving FGF-21 analogues, although this will be more
clear as these therapies undergo regulatory review. Although efimosfermin has demonstrated a favorable short-term
safety profile in early-phase trials, the available data are limited by small sample sizes and short follow-up durations.
Longer-term studies are required to completely characterize the bone and cardiovascular safety, as well as the durability
of long-term administration. Ongoing Phase 3 trials and post-approval surveillance will be essential to assess the long-
term safety profile of efimosfermin across MASH populations.

Combination Therapy

As more drugs are approved for MASH, combination therapy is likely to become an integral component of clinical
management for optimal therapeutic benefit, especially with therapies with non-overlapping mechanisms of action.
Resmetirom was the first drug approved for this indication, and it acts by selectively targeting hepatic THR-B.* THR-B
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signalling regulates bile acid, triglyceride, and cholesterol synthesis, reducing liver fat content.”* Studies have reported
that thyroid hormone regulates FGF-21 expression in the liver.”> THR-p activation induces secretion of FGF-21.7* Thus,
combining resmetirom with FGF-21 analogues may yield synergistic effects, leading to increased insulin sensitivity,
increased adipocyte glucose uptake, and decreased lipolysis and release.

Semaglutide, a GLP-1 agonist is now FDA approved for patients with MASH.® Thus, combining GLP-1 agonist, with
an FGF-21 analogue, may offer complementary benefits. An animal model noted that the absence of liver FGF-21
expression was associated with resistance to liraglutide-induced weight loss.” The Phase 2 study of efimosfermin did not
include patients on concomitant GLP-1 therapy.’ The phase 3 study is currently underway and will include patients who
have been on a stable dose of GLP-1 for at least 6 months. This will be beneficial in improving our understanding of
combination therapy. A study evaluating the safety and efficacy of efruxifermin as an add-on therapy to GLP-1 agonist
reported a similar tolerability profile.”* Albeit a small study, 88% of patients receiving combination therapy had
normalization of liver fat content, measured by MRI-PDFF.”* More data are needed to assess the efficacy of this
combination.

Future Directions

Efimosfermin has reported promising phase 2 data, meeting liver histology endpoints, while demonstrating a favorable
tolerability profile among patients with MASH and F2/F3 fibrosis.”®> These findings support continued development and
further investigation through phase 2 and 3 trials. The current data on efimosfermin comes from clinical trials among
patients with F2/F3 fibrosis.”' A phase 2 trial assessing the safety and efficacy of the treatment in patients with cirrhosis
is currently underway, and the results are awaited to confirm its potential role in cirrhosis.”® Resmetirom is presently
being studied in patients with cirrhosis.”® In a phase 2 trial assessing the effect of semaglutide on fibrosis regression in
patients with cirrhosis, semaglutide did not significantly improve fibrosis regression, compared to placebo.’® Thus, the
phase 2 trial evaluating the efficacy of efimosfermin in patients with cirrhosis will be essential to define its role as
a potential antifibrotic agent.>”

A Phase 3 trial assessing the impact of efimosfermin in patients with MASH and F2/F3 fibrosis is currently
underway.’® If efimosfermin meets the histological endpoints of MASH resolution and fibrosis improvement in
subsequent trials with acceptable safety and tolerability it may be receive conditional approval as was achieved for
resmetirom and semaglutide. However, to obtain full approval, this medication will need to demonstrate improvement in
the clinical outcomes such as liver transplant-free survival, reduction in decompensations, and complications of portal
hypertension. Phase 3 trials of efimosfermin and the other FGF-21 analogues are currently ongoing, and the results will
inform whether these therapies receive conditional approval, while the clinical outcomes are ongoing.”®>®

Efimosfermin and other FGF-21 analogues, if approved, will represent a novel therapeutic option for MASH with
significant fibrosis that targets both metabolic improvement and direct anti-fibrotic effect. This drug will be suitable for
patients in whom fibrosis regression is the primary therapeutic objective, in patients who are intolerant to weight loss
therapy or have not achieved the therapeutic goal of MASH resolution and fibrosis improvement with incretin-based
therapies, and in those with lean-MASH. The option of once-a-month therapy may be attractive, if adequate efficacy is
demonstrated. Efimosfermin may also be used either in combination or following initial metabolic optimization with
GLP-1 agonists. Studies aimed at head-to-head comparisons and combination regimens will be critical for refining
patient selection and defining their role within personalised treatment algorithms for MASH. The proposed positioning
strategies will remain hypothetical until more data is available.

Regarding the monitoring of efimosfermin effects, non-invasive tests are increasingly used for monitoring patients on
therapy. We expect that recommendations regarding monitoring of treatment response with FGF-21 analogues may be
similar to the recent expert consensus on monitoring of response among patients with resmetirom.”’
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