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ABSTRACT

Introduction: Metabolic dysfunction-associated steatohepatitis (MASH), an advanced form of fatty liver disease, is charac-
terized by liver inflammation and fibrosis, with an emerging interest in fibroblast growth factor (FGF)-21 analogs, particularly
pegbelfermin (PGBF). This study evaluates the efficacy and safety of PGBF in treating MASH-associated hepatic fibrosis.
Methods: This meta-analysis followed Cochrane guidelines and PRISMA standards. A comprehensive search of databases up
to January 2023 focused on randomized controlled trials (RCTs) comparing PGBF to placebo for MASH. Meta-analyses were
performed with RevMan 5.4 using a random-effects model.

Results: Data from 452 participants across three RCTs were analyzed. Significant improvements in adiponectin concentra-
tion were observed in both the 10mg [MD =18.23, 95% CI (6.35, 30.11), p=0.003] and 20mg [MD =18.09, 95% CI (5.88, 30.31),
p=0.004] PGBF groups compared to placebo. Significant reductions in PRO-C3 concentration were noted in both the 10mg
[MD =-25.50, 95% CI (—43.95, —7.05), p=0.007] and 20 mg [MD = —19.54, 95% CI (-33.33, —5.76), p =0.005] groups. Significant
improvement in MASH was seen in the 10 mg group [RR=2.84, 95% CI (1.18, 6.78), p=0.02] but not in the 20 mg group. No sig-
nificant improvements in liver stiffness, Modified Ishak scores, collagen proportionate area, ALT and AST levels, or treatment-
emergent adverse events (TEAESs) were observed in either dosage group.

Conclusions: Pegbelfermin, a promising therapy for MASH fibrosis, has demonstrated effectiveness at 10 mg, significantly im-
proving MASH and biomarkers including adiponectin and PRO-C3, while maintaining a generally safe profile.

Abbreviations: ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; CI, Confidence Interval; MASH, Metabolic Dysfunction-Associated Steatohepatitis; MD, Mean Difference;
MRE, Magnetic Resonance Elastography; PGBF, Pegbelfermin; PRO-C3, Procollagen Type III N-Terminal Peptide; RCT, Randomized Controlled Trial; RR, Risk Ratio; TEAEs, Treatment-
Emergent Adverse Events.
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1 | Introduction

Metabolic dysfunction-associated steatohepatitis (MASH), an
advanced stage of non-alcoholic fatty liver disease, is identified
by steatosis, hepatocyte ballooning, and inflammation evident
in liver biopsy [1]. Persistent inflammation, coupled with oxida-
tive stress in individuals with MASH, can lead to hepatic fibro-
sis. Recent evidence from a multicenter study in Japan highlights
that hepatic inflammation and fibrosis are significant factors
contributing to mid-term mortality in patients with metabolic
dysfunction-associated steatotic liver disease (MASLD), empha-
sizing the importance of targeting these factors in disease man-
agement [2]. MASH has a global prevalence of 1.5%-6.5% in adults
[3]. As MASH progresses, there is a risk of developing cirrhosis
or hepatocellular carcinoma, often necessitating a liver transplant
[4, 5]. While approximately one-third of all adults worldwide are
estimated to have non-alcoholic fatty liver disease, a quarter of
these are considered to have MASH [4, 6]. With the prevalence of
non-alcoholic fatty liver disease expected to increase significantly
by 2030 and the rising need for liver transplantation due to MASH
cirrhosis, it is imperative to explore better treatment and manage-
ment strategies [7]. Lifestyle changes, including diet and regular
exercise, are the primary treatments for MASH, with weight loss
improving liver fibrosis. In some cases, bariatric surgery may also
be considered [8, 9]. Additionally, medications such as Pioglitazone
and vitamin E can help reduce inflammation, although their
impact on fibrosis is limited [8]. Additionally, sodium-glucose
cotransporter 2 (SGLT2) inhibitors have been explored for their
potential in managing MASLD. Studies suggest that SGLT2 inhib-
itors may exert hepatoprotective effects by reducing hepatic fibro-
sis indices, lowering serum ALT levels, and improving metabolic
markers in individuals with diabetes and suspected MASLD [10].
A pooled meta-analysis of phase III trials demonstrated that lu-
seogliflozin, an SGLT2 inhibitor, significantly reduced fatty liver
index and fibrosis markers in diabetic patients, particularly those
with elevated ALT and FIB-4 scores [10]. Furthermore, a large-
scale nationwide study in Japan indicated that SGLT2 inhibitors
were associated with a decreased incidence of esophageal varices
and extrahepatic malignancies in patients with MASLD and type
2 diabetes [11].

Recently, there has been a surge of interest in fibroblast growth fac-
tors (FGF) that are recognized as pivotal regulators of energy me-
tabolism. FGF-based medications have exhibited notable effects,
including weight loss, improvement of dyslipidemia, and reduction
of steatosis in individuals with MASH [12]. The administration
of FGF21, a distinguished member of the FGF superfamily, has
been associated with pharmacological benefits addressing various
metabolic complications [13]. Several FGF21 analogs under inves-
tigation via clinical trials have demonstrated substantial improve-
ments in hepatic fat fractions and serum markers of liver fibrosis.
These hormones exert their effect on hepatocytes expressing high
levels of FGF receptors and hepatic stellate cells. Notably, FGF21
has demonstrated efficacy in attenuating dimethylnitrosamine-
induced fibrogenesis and downregulating the expression of trans-
forming growth factor-beta, leading to apoptosis in these cells
[13, 14]. Among the FGF21 analogs, pegbelfermin stands out as
a PEGylated human FGF21 analog [15]. Numerous clinical tri-
als have delved into the potential of pegbelfermin for address-
ing MASH-associated hepatic fibrosis. However, a gap exists in
the synthesis of evidence comparing the efficacy and safety of

pegbelfermin against placebo. Therefore, this systematic review
and meta-analysis aim to comprehensively assess the potential of
this drug in treating MASH-associated hepatic fibrosis.

2 | Methods

This meta-analysis was meticulously conducted adhering to the
guidelines outlined in the Cochrane Handbook for Systematic
Reviews of Interventions and reported per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [16, 17]. Registration was completed with
the International Prospective Register of Systematic Reviews
(PROSPERO) [CRD42024505461]. Given the nature of this
study, which synthesizes data from existing literature, ethical
approval was deemed unnecessary.

2.1 | Search Strategy

A comprehensive literature search was performed across several
databases including the Cochrane Central Register of Controlled
Trials (CENTRAL), PubMed, MEDLINE (via Ovid), Embase
(Elsevier), and Scopus. The search spanned from each data-
base's inception up to January 2023, aiming to capture the most
recent and relevant studies. This review exclusively considered
randomized controlled trials (RCTSs). A combination of Medical
Subject Headings (MeSH) and free-text terms were utilized to
identify pertinent studies. These terms included “Pegbelfermin,”
“non-alcoholic steatohepatitis (NASH)”, “BMS-986036,” and
“NASH.” A detailed description of the search strategy, including
specific search strings are found in Table S1.

2.2 | Study Selection Process

Allidentified records were imported into Mendeley (version 1.19.8)
for de-duplication. Two reviewers (MS and FH) independently
screened titles and abstracts for relevance. Full-text articles were
then assessed against the inclusion criteria. Any discrepancies be-
tween reviewers were resolved through discussion or consultation
with a third, independent reviewer (AJ). A PRISMA flowchart vi-
sually depicts the study selection process (Figure 1).

2.3 | Data Collection Process

Data extraction was independently conducted by two reviewers
(MS and FH) into a predefined Excel template. Discrepancies
were resolved by a consensus or by involving a third reviewer
(AJ). Extracted information included patient characteristics,
intervention and comparator details, outcome data, and study
characteristics based on the PICOS framework.

2.4 | Eligibility Criteria

Inclusion criteria were strictly defined to encompass RCTs
comparing Pegbelfermin (PEG) for the treatment of MASH-
related fibrosis against a placebo. Studies were selected based
on the following criteria: (1) Adults (> 18years) diagnosed with
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FIGURE1 | PRISMA flow diagram illustrating the study selection process for the meta-analysis.

MASH-associated hepatic fibrosis (>1 stage per Nonalcoholic
Steatohepatitis Clinical Research Network (NASH CRN) crite-
ria) (2) Intervention: PEG; (3) Control: Placebo; (4) Outcomes:
Adiponectin concentration, liver stiffness (by MRE), PRO-C3
concentration, Alanine aminotransferase, and Aspartate ami-
notransferase concentrations. Abstracts based on RCTs meet-
ing all these criteria were considered. Exclusions were made for
case reports, case series with fewer than 10 patients, guidelines,
non-comparative studies (e.g., case—control, cohort studies), and
reviews. Observational studies, literature reviews, case reports,
duplicates, conference proceedings, animal studies, and unpub-
lished articles were excluded.

2.5 | Outcomes

Primary outcomes focused on Adiponectin concentration, liver
stiffness (by MRE), and PRO-C3 concentration. Secondary
outcomes encompassed Improvements in Non-alcoholic ste-
atohepatitis (NASH) CRN fibrosis score, changes in Alanine
aminotransferase, Aspartate aminotransferase concentrations,
Modified Ishak score improvement, and any decrease in colla-
gen proportionate area.

2.6 | Bias Assessment

The quality of included studies was evaluated using the RoB 2.0
tool from the Cochrane Handbook [18]. Each study was inde-
pendently assessed across several domains: randomization pro-
cess, deviations from intended interventions, missing outcome
data, measurement of outcomes, and selection of reported re-
sults. Judgments were categorized as low risk, some concerns, or

high risk of bias. To determine the certainty of evidence for each
outcome, we used the five grades of recommendation, assess-
ment, development, and evaluation (GRADE) considerations
[19]. These considerations include evaluating study limitations,
consistency of effect, imprecision, indirectness, and publication
bias. GRADEPro GDT was utilized to construct the Summary of
Findings (SoF) table illustrated in Table S2.

2.7 | Statistical Analysis

Meta-analyses were conducted using RevMan 5.4 (The Cochrane
Collaboration, Copenhagen, Denmark) with a random-effects
model to account for clinical and methodological heterogeneity
among studies. This model was chosen based on the assumption
that variations in effect sizes arise not only from sampling error
but also from real differences in study populations, interven-
tions, and methodologies. The DerSimonian and Laird method
was used to estimate between-study variance (%), providing a
more conservative pooled estimate. Dichotomous outcomes
were expressed as relative risk ratios (RR), and continuous out-
comes as mean differences (MD) with 95% CIs. Statistical sig-
nificance was set at p <0.05. Heterogeneity was assessed using
the Chi-square test and the Higgins I? statistic. Funnel plots
and DOI plots in MetaXL (using Luis Furuya-Kanamori index)
were visually inspected for publication bias in outcomes with
> 10 studies and <10 studies (But more than three studies) re-
spectively. A sensitivity analysis was conducted on the primary
outcome by excluding studies at high risk of bias. Sensitivity
analyses were conducted to explore the sources of heterogeneity.

Scatter plots were used in Microsoft Excel to visualize the dose—
response relationship between Pegbelfermin dosage (10 and

30f 11



TABLE1 | Baseline characteristics of included studies.

Dosage, frequency

Trial ! Follow Sample size
Study duration of dosing up period (intervention
Study ID design Trial setting (weeks) PGBF Control (weeks) vs. control)
Abdelmalek RCT 48 sites in US 48 weeks 10mg, QW PBO QW 4weeks PGBF 10mg
et al. [21] and 4 in Japan 20mg, QW n=37
PGBF 20mg
n=37
PBO=39
Loomba et al. RCT 83 sites in US 48weeks 10mg, QW PBO QW 4weeks PGBF 10mg
[20] and 6 in Japan 20mg, QW n=49
40mg QW PGBF 20mg
n=>50
PBO =49
Sanyal et al. RCT 17 sites in 16 weeks 10mg OD PBO OD 26 weeks PGBF 10mg
[22] the US 20mg QW n=25
PGBF 20mg
n=24
PBO=26

Abbreviations: OD, once daily; PBO, placebo; PGBF, pegbelfermin; QW, per week; RCT, randomized controlled trials.

20mg) and changes in AST and ALT levels. Due to the limited
number of data points, regression analysis could not be per-
formed reliably. Instead, polynomial trendlines were applied to
illustrate potential patterns in the data. The trendline equations
and R? values were displayed to assess the fit, but the interpreta-
tion was limited by the small sample size.

3 | Results

Our systematic review and meta-analysis comprised three RCTs,
all conducted in the United States and Japan [20-22]. The par-
ticipants' mean ages ranged from 47 to 61.4years and were pre-
dominantly women. Detailed characteristics of these studies are
provided in Table 1. Table 2 summarizes baseline demographics
and characteristics of study participants.

3.1 | Quality Assessment and Publication Bias

The risk of bias in the included studies was evaluated using RoB
2.0. Generally, the studies were deemed high quality, with a low
risk of bias overall, as shown in Figure 2.

3.2 | Efficacy Outcomes

Evaluable data was provided from RCTs which included a total
of 452 participants. One group consisted of 227 participants,
with 113 receiving a Pegbelfermin (PGBF) dose of 10 mg and the
remaining participants receiving placebo. In the other group,
225 participants were divided, with 111 participants receiving
a PGBF dose of 20mg and the remaining participants receiving
placebo.

3.3 | Primary Outcomes
3.3.1 | Changesin Adiponectin Concentration

A statistically significant difference in the adiponectin con-
centration between the 10mg PGBF group and the placebo
group [MD =18.23, 95% CI (6.35, 30.11), p=0.003] was noted.
The 20 mg PGBF group also showed a statistically significant
difference between the PGBF group and the placebo group
[MD =18.09, 95% CI (5.88, 30.31), p=0.004]. The heteroge-
neity tests for the 10 and 20 mg dosage groups demonstrated
low variability among the included RCTs, yielding p-values
of 0.97 and 0.86, respectively, with an I? of 0% in both cases,
indicating negligible heterogeneity (Figure 3). The GRADE
assessment assigned a high level of certainty to the evidence
regarding changes in adiponectin concentrations for both dos-
age groups.

3.3.2 | Changesin PRO-C3 Concentration

For the 10mg group, the results of the pooled analysis revealed
a statistically significant difference between the PGBF group
and the placebo group [MD=-25.50, 95% CI (—43.95, —7.05),
p=0.007]. Similarly, for the 20mg group, the results indicated
a significant difference between the PGBF group and the pla-
cebo group [MD=-19.54, 95% CI (-33.33, —5.76), p=0.005].
The heterogeneity tests for the 10mg and 20mg dosage groups
demonstrated low variability among the included RCTs, yielding
p-values of 0.30 and 0.78, respectively, with I? values of 17% and
0%, respectively, indicating negligible heterogeneity (Figure 4).
The GRADE assessment assigned a high level of certainty to the
evidence regarding changes in PRO-C3 concentrations for both
dosage groups.
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Baseline patient demographics and disease characteristics.

TABLE 2

Female, n (%) Body mass index, mean (SD) Type 2 diabetes, n (%)

Age, mean (SD)

PGBF

PGBF

PGBF

PGBF

PGBF

PGBF

PGBF

PGBF20mg  Control 10mg 20mg Control 10mg 20mg Control 10mg 20mg Control

10mg

Study ID

61.4(7.5) 28(71.8) 25(67.6) 24(61.5) 34.5(5.9) 35.5(6.2) 354(6.4) 27(77.1)  27(79.4)  28(77.8)

58.9(9.3)

60.2 (8.0)

Abdalmalek et al.

[21]

29(59.2)  27(54.0) 29(59.2) 36.3(67) 351(6.4) 352(8.1) 34(72.3) 35(74.5)  34(73.9)
9 (36)

56.3 (10.1) 57.5(8.0)

56.4 (9.6)

Loomba et al. [20]

11 (42)

8 (33)

15 (60) 17 (71) 16 (62) 34 (4) 35(6) 37(7)

52(12) 47 (12)

52 (10)

Sanyal et al. [22]

Abbreviation: PGBF, pegbelfermin.

3.3.3 | Improvement in Liver Stiffness

Pooled analysis showed there was no statistically significant im-
provement in liver stiffness—measured by Magnetic Resonance
Elastography (MRE)—between the 10mg group and the pla-
cebo group [RR=1.31, 95% CI (0.84, 2.04), p=0.23]. Similarly,
the results between the 20mg group compared to the placebo
group did not show any statistically significant difference as
well [RR=1.41, 95% CI (0.98, 2.02), p=0.07]. The heterogeneity
tests for the 10 and 20 mg dosage groups demonstrated low vari-
ability among the included RCTs, yielding p-values of 0.28 and
0.47, respectively, with an I? of 21% and 0%, respectively, indicat-
ing negligible heterogeneity (Figure 5). The GRADE assessment
assigned a high level of certainty to the evidence regarding im-
provement in liver stiffness for both dosage groups.

3.4 | Secondary Outcomes
3.4.1 | Improvement in NASH CRN Fibrosis Score

For the 10mg PEG group, two RCTs contributed evaluable
data on > 1-stage fibrosis improvement in NASH CRN fibro-
sis score, demonstrating no significant difference compared
to placebo [RR=1.28, 95% CI (0.75, 2.19), p=0.36]. Similarly,
when assessing fibrosis improvement without NASH wors-
ening or NASH improvement, no significant difference was
observed between PEG and placebo [RR=1.30, 95% CI (0.74,
2.28), p=0.35]. The heterogeneity across both analyses was
low, with I>?=0% (p =0.41 and p = 0.42, respectively) (Figure 6).

For the 20mg PEG group, two RCTs also evaluated >1-
stage fibrosis improvement in the NASH CRN fibrosis score,
showing no significant difference between PEG and placebo
[RR=1.05, 95% CI (0.59, 1.87), p=0.87]. Similarly, when an-
alyzing fibrosis improvement without NASH worsening or
NASH improvement, no statistically significant difference was
found [RR=1.39, 95% CI (0.81, 2.40), p =0.23]. Heterogeneity
remained low across both analyses (I?=0%, p=0.34 and
p=0.69, respectively) (Figure 6).

The GRADE assessment assigned a high level of certainty to the
evidence across all NASH CRN fibrosis score-related outcomes.

3.4.2 | Liver Enzymes

For ALT, pooled analysis showed no statistically significant
reduction between the 10mg group and the placebo group
[MD =-9.09, 95% CI (-26.21, 8.04), p=0.30] as well as between
the 20mg and the placebo group [MD =-16.87, 95% CI (—34.24,
0.50), p=0.06]. The heterogeneity tests for the 10mg and 20mg
dosage groups demonstrated low variability among the included
RCTs, yielding p-values of 0.83 and 0.93, respectively, with
an I? of 0% in both cases, indicating negligible heterogeneity
(Figures S2.1 and S2.2). The GRADE assessment assigned a
high level of certainty to the evidence regarding ALT for both
dosage groups. For AST, pooled analysis showed no statistically
significant reduction between the 10mg group and the placebo
group [MD =-17.74, 95% CI (—45.69, 10.20), p=0.21] as well as
between the 20mg group and the placebo group [MD =—-26.66,
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FIGURE2 | Risk of bias assessment using the RoB 2.0 tool for included studies.

is 1.16: Adip

)

tin concentration(Mean change from baseline)

Pegbelfermin (PGBF) 10 mg Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Abdelmalek 2024 24.07 133.528709 39 7.4 74.222034 39 6.1% 16.67 [-31.28 , 64.62] J—
Loomba 2024 13.26  98.560914 49 0 114.55835 49 7.9% 13.26[-29.05, 55.57] —_
Sanyal 2018 15.3  24.987111 25 -3.5 21.492925 26 86.0% 18.80[5.99,31.61] 3
Total (95% Cl) 113 114 100.0% 18.23[6.35, 30.11] XS
Heterogeneity: Tau? = 0.00; Chi2 = 0.06, df =2 (P = 0.97); I = 0%
Test for overall effect: Z=3.01 (P = 0.003) -100 .50 50 100
Test for subgroup differences: Not applicable Favours [Placebo] Favours [Pegbelfermin (PGBF)]

Analysis 1.17: Adip tin tration(Mean change from baseline)

Pegbelfermin (PGBF) 20 mg Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Abdelmalek 2024 14.35 107.598122 37 7.4 74.222034 39 8.6% 6.95[-34.82,48.72] R
Loomba 2024 18.36 121.166013 50 0 114.55835 49 6.9% 18.36[-28.08 , 64.80] RN S
Sanyal 2018 15.7  26.011701 24 -3.5 21.492925 26 845% 19.20[5.91,32.49] B
Total (95% Cl) 1 114 100.0%  18.09 [5.88 , 30.31] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.30, df =2 (P = 0.86); I>= 0%
Test for overall effect: Z=2.90 (P = 0.004) -100 50 50 100

Test for subgroup differences: Not applicable

Favours [Placebo]

FIGURE3 | Effect of 10 and 20 mg Pegbelfermin on adiponectin concentration compared to placebo.

Analysis 1.15: PRO-C3 concentration (Mean change from baseline), (Pegbelfermin (PGBF) 20 mg

Favours [Pegbelfermin (PGBF)]

Pegbelfermin (PGBF) Placebo Mean Difference Mean Difference
Study or group  Mean [F ] SDJF ] Total Mean [F ge] SD [Per ge] Total Weight IV, Random, 95% CI[Percentage] IV, Random, 95% CI [Percentage ]
Abdelmalek 2024 -5.4 104.508894 37 0.6 75.656499 39 11.2% -6.00 [-47.20 , 35.20] SR R
Loomba 2024 -6.93 105.314325 50 18.27 186.485884 49 5.3% -25.20 [-85.02 , 34.62] —
Sanyal 2018 -19 27.155072 24 2 27.233875 26 83.5% -21.00 [-36.09 , -5.91] - -
Total (95% CI) 111 114 100.0% -19.54 [-33.33, -5.76] <&

Heterogeneity: Tau? = 0.00; Chi? = 0.49, df =2 (P = 0.78); I = 0%
Test for overall effect: Z = 2.78 (P = 0.005)

-100  -50 50 100
Test for subgroup differences: Not applicable Favours [Pegbelfermin (PGBF)] Favours [Placebo]]
Analysis 1.3: PRO-C3 concentration (Mean change from baseline), (Pegbelfermin (PGBF) 10 mg
Pegbelfermin (PGBF) Placebo Mean Difference Mean Difference
Study or Mean [F ge] SD[F ] Total Mean [Percentage] SD [Percentage] Total Weight IV, , 95% CI [F ge] IV, , 95% CI [F ge ]
Abdelmalek 2024 33 109.204488 39 06 75.656499 39 17.0% 2.70 [-38.99 , 44.39] —_—
Loomba 2024 -6.93 102.373143 49 18.27 186.485884 49 8.9% -25.20 [-84.77 , 34.37] _
Sanyal 2018 -30 23.379753 25 2 27.233875 26 74.1% -32.00 [-45.91 , -18.09] -
Total (95% CI) 13 114 100.0% -25.50 [-43.95 , -7.05] 0
Heterogeneity: Tau? = 69.26; Chi? = 2.41, df = 2 (P = 0.30); I = 17%
Test for overall effect: Z=2.71 (P = 0.007)

Test for subgroup differences: Not applicable

FIGURE4 | Effect of 10 and 20 mg Pegbelfermin on PRO-C3 concentration compared to placebo.

-100 -5
Favours [Placebo]

50 100
Favours [Pegbelfermin (PGBF)]
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Analysis 1.18: Liver stiffness (by MRE) in patients with at least a 15% relative reduction Contro

Heterogeneity: Tau? = 0.04; Chi? = 2.54, df =2 (P = 0.28); I? = 21%

Pegbelfermin (PGBF) 10 mg Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelmalek 2024 3 27 7 33  11.6% 0.52[0.15, 1.83] —
Loomba 2024 14 34 10 33  34.9% 1.36[0.71, 2.62] m—
Sanyal 2018 18 25 12 26 53.5% 1.56 [0.96 , 2.53] -
Total (95% CI) 86 92 100.0% 1.31 [0.84 , 2.04]
Total events: 35 29

1 10

Test for overall effect: Z=1.19 (P = 0.23)
Test for subgroup differences: Not applicable

1(=JO
Favours [Pegbelfermin (PGBF)]

001 0.1
Favours [Placebo]

Analysis 1.19: Liver stiffness (by MRE) in patients with at least a 15% relative reduction Contro

Pegbelfermin (PGBF) 20 mg Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelmalek 2024 8 25 7 33 17.4% 1.51[0.63, 3.60] e
Loomba 2024 10 35 10 33  24.3% 0.94 [0.45, 1.97] —
Sanyal 2018 18 24 12 26  58.3% 1.63[1.01, 2.61] HE-
Total (95% Cl) 84 92 100.0% 1.41 [0.98 , 2.02]
Total events: 36 29

1

Heterogeneity: Tau? = 0.00; Chi? = 1.51, df =2 (P = 0.47); I> = 0%
Test for overall effect: Z = 1.84 (P = 0.07)
Test for subgroup differences: Not applicable

FIGURES |

95% CI (—54.46, 1.15), p=0.06]. The heterogeneity tests for
the 10 and 20mg dosage groups demonstrated low variability
among the included RCTs, yielding p-values of 0.62 and 0.78,
respectively, with an I of 0% in both cases, indicating negligi-
ble heterogeneity (Figures S2.1 and S2.3). PEG (10 and 20mg)
showed no significant reduction in AST and ALT levels, with
a highly non-linear dose-response relationship and no clear
dose-dependent effect (Figure S2.4). The GRADE assessment
assigned a high level of certainty to the evidence regarding AST
for both dosage groups.

3.4.3 | Changes in Modified Ishak Score

Only two RCTs contributed evaluable data for assessing changes
in the Modified Ishak score, comparing doses of 10 and 20mg
to placebo. The results in both the 10mg group [RR=1.25, 95%
CI (0.77, 2.04), p=0.37] and the 20mg group [RR=1.01, 95% CI
(0.59, 1.70), p=0.98] showed that there was no significant differ-
ence between the PGBF group and the placebo group. The het-
erogeneity tests for the 10 and 20 mg dosage groups demonstrated
low variability among the included RCTs, yielding p-values of
0.33 and 0.53, respectively, with an I? of 0% in both cases, indicat-
ing negligible heterogeneity (Figures S2.5 and S2.6). The GRADE
assessment assigned a high level of certainty to the evidence re-
garding the modified Ishak score for both dosage groups.

3.4.4 | NASH Improvement!

Evaluable data for assessing the improvement in NASH were
only provided by two RCTs. These trials compared two doses

10 100
Favours [Pegbelfermin (PGBF)]

001 0.1
Favours [Placebo]

Effect of 10 and 20 mg Pegbelfermin on liver stiffness compared to placebo.

of PGBEF, specifically 10 and 20 mg, to a placebo. A statistically
significant improvement in NASH was found when the 10 mg
PGBF group and the placebo group were analyzed [RR =2.84,
95% CI (1.18, 6.78), p=0.02]. However, for the 20 mg group,
the results showed no statistically significant difference be-
tween the PGBF group and the placebo group [RR=3.24,
95% CI (0.66, 15.77), p=0.15]. The heterogeneity test for the
10mg group yielded a result of p=0.43, I>=0%, indicating
low heterogeneity among the RCTs. For the 20mg group, the
heterogeneity test result was p=0.14, I*=53%, indicating
high heterogeneity among the RCTs (Figures S2.7 and S2.8).
The GRADE assessment assigned a high level of certainty to
the evidence regarding NASH improvement for both dosage
groups.

3.4.5 | Changes in Collagen Proportionate Area

Only two RCTs contributed evaluable data for assessing change
in collagen proportionate area, comparing two doses of PGBF,
specifically 10 and 20 mg, to placebo. The results showed no sta-
tistically significant difference between the PGBF group and the
placebo group for both the 10 mg PGBF group [RR=0.87,95% CI
(0.49,1.53), p=0.63] as well as the 20mg PGBF group [RR=0.88,
95% CI(0.66, 1.17), p=0.38] respectively. The heterogeneity test
result in the 10mg group was p =0.05, I>=73%, suggesting that
the heterogeneity among RCTs was high. However, the heteroge-
neity test result in the 20 mg group was p =0.46, I> = 0%, suggest-
ing that the heterogeneity among RCTs was low (Figures S2.9
and S2.10). The GRADE assessment assigned a high level of
certainty to the evidence regarding the decrement in collagen
proportionate area for both dosage groups.
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Analysis 1.4: 21-stage improvement in NASH CRN fibrosis score, (Pegbelfermin (PGBF) 10 mg

Pegbelfermin (PGBF) Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Abdelmalek 2024 14 37 13 39 77.8% 1.14[0.62 , 2.08]
Loomba 2024 8 50 4 49  22.2% 1.96[0.63 , 6.09]
Total (Wald ?) 87 88 100.0% 1.28[0.75, 2.19]
Total events: 22 17
Test for overall effect: Z=0.91 (P = 0.36) 005 02 1 5 20
Test for subgroup differences: Not applicable Favours [Placebo] Favours [Pegbelfermin (PGBF)]

Heterogeneity: Tau? (DL, 95% CI) = 0.00 [0.00 , >100]; Chi? = 0.69, df = 1 (P = 0.41); I? = 0%

Footnotes
2 Cl calculated by Wald-type method.
b Tau? calculated by DerSimonian and Laird method.

Analysis 1.5: 21-stage improvement in NASH CRN fibrosis score, (Pegbelfermin (PGBF) 20 mg

Pegbelfermin (PGBF) Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelmalek 2024 11 37 13 39 75.4% 0.89[0.46 , 1.73]
Loomba 2024 7 50 4 49  24.6% 1.72[0.54 , 5.49]
Total (Wald ?) 87 88 100.0% 1.05[0.59 , 1.87]
Total events: 18 17
Test for overall effect: Z=0.16 (P = 0.87) 005 02 1 5 20
Test for subgroup differences: Not applicable Favours [Placebo] Favours [Pegbelfermin (PGBF)]

Heterogeneity: Tau? (DL ® , 95% Cl) = 0.00 [0.00 , >100]; Chiz = 0.91, df = 1 (P = 0.34); 12 = 0%

Footnotes
2 Cl calculated by Wald-type method.
b Tau? calculated by DerSimonian and Laird method.

Analysis 1.6: 21-stage improvement in NASH CRN fibrosis score without NASH worsening or NASH improvement, (Pegbelfermin (PGBF) 10 mg

Pegbelfermin (PGBF) Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelmalek 2024 13 37 12 39 757% 1.14[0.60, 2.17]
Loomba 2024 8 50 4 49  24.3% 1.96 [0.63, 6.09]
Total (Wald ?) 87 88 100.0% 1.30[0.74, 2.28]
Total events: 21 16
Test for overall effect: Z=0.93 (P = 0.35) 005 02 1 5 20
Test for subgroup differences: Not applicable Favours [Placebo] Favours [Pegbelfermin (PGBF)]

Heterogeneity: Tau? (DL, 95% Cl) = 0.00 [0.00 , >100]; Chi = 0.66, df = 1 (P = 0.42); I> = 0%

Footnotes
2 Cl calculated by Wald-type method.
b Tau? calculated by DerSimonian and Laird method.

Analysis 1.7: 21-stage improvement in NASH CRN fibrosis score without NASH worsening or NASH improvement, (Pegbelfermin (PGBF) 20 mg

Pegbelfermin (PGBF) Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelmalek 2024 15 37 12 39 78.4% 1.32[0.71, 2.43]
Loomba 2024 7 50 4 49  21.6% 1.72[0.54 , 5.49]
Total (Wald @) 87 88 100.0% 1.39[0.81, 2.40]
Total events: 22 16
Test for overall effect: Z=1.21 (P = 0.23) 005 02 1 5 20
Test for subgroup differences: Not applicable Favours [Placebo] Favours [Pegbelfermin (PGBF)]

Heterogeneity: Tau? (DL ® , 95% CI) = 0.00 [0.00 , 35.16]; Chi? = 0.15, df = 1 (P = 0.69); I> = 0%

Footnotes
2 Cl calculated by Wald-type method.
b Tau? calculated by DerSimonian and Laird method.

FIGURE 6 | Effectof 10 and 20mg Pegbelfermin on improvement in NASH CRN fibrosis score compared to placebo.
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3.5 | Safety Outcomes

3.5.1 | Drug-Related Treatment-Emergent
Adverse Events

Pooled analysis of TEAEs associated with 10mg PGBF did
not show statistically significant risks compared to placebo
[RR=1.05, 95% CI (0.95, 1.16), p=0.33]. The heterogeneity test
result in this group was p=0.38, I’=0%, indicating that the
heterogeneity among RCTs was low. As per the GRADE assess-
ment, the certainty of evidence was high. Evaluation of specific
TEAES, nausea, and diarrhea (each occurring in >10% of pa-
tients) showed no statistically significant risks. For nausea, the
risk was 1.15 [95% CI (0.38, 3.46), p=0.8], and for diarrhea, it
was 1.09 [95% CI (0.39, 3.08), p=0.87]. The heterogeneity test
result was p=0.16, I>?=45% for nausea and p=0.17, I>=44% for
diarrhea respectively, indicating high heterogeneity among the
RCTs. As per the GRADE assessment, the certainty of evidence
for both nausea and diarrhea groups, respectively, was high.
Pooled analysis of TEAEs associated with 20 mg Pegbelfermin
did not show statistically significant risks compared to placebo
[RR=1.06, 95% CI (0.97, 1.17), p=0.21]. The heterogeneity test
result in this group was p=0.58, I’=0%, indicating that the
heterogeneity among RCTs was low. As per the GRADE assess-
ment, the certainty of evidence was high. Evaluation of specific
TEAEs occurring in >10% of patients showed the following
results. For nausea, there was no statistically significant risk
[RR=1.69, 95% CI (0.94, 3.03), p=0.7] however, for diarrhea, the
risk was statistically significant [RR =2.28, 95% CI (1.28, 4.04),
p=0.005]. The heterogeneity test result was p=0.70, I>=0% for
nausea and p=0.67, I>=0% for diarrhea respectively, indicating
low heterogeneity among the RCTs. As per the GRADE assess-
ment, the certainty of evidence for both nausea and diarrhea
groups, respectively, was high.

4 | Discussion

This systematic review and meta-analysis assessed the efficacy
and safety of Pegbelfermin, a PEGylated human FGF21 analog,
in treating MASH-associated hepatic fibrosis. Our analysis re-
veals that MASH patients administered 10 mg of Pegbelfermin
experienced a significant MASH improvement compared to
those given a placebo. However, when the dose was increased
to 20mg, there was no statistically significant improvement
observed compared to a placebo. Additionally, irrespective of
dosage, Pegbelfermin treatment led to statistically significant
increases in adiponectin concentration, an adipokine associated
with hepatic benefits, and statistically significant reductions in
PRO-C3 levels, a biomarker of fibrosis, compared to those receiv-
ing a placebo. Notably, Pegbelfermin did not improve the NASH
CRN Fibrosis Score relative to placebo. Moreover, its use was
not associated with a significant increase in treatment-emergent
adverse effects. Pegbelfermin did not significantly contribute to
any treatment-emergent adverse effects compared to placebo.
Various factors such as high-carb diets, fructose, and protein
restriction influence circulating FGF21 levels, indicating its po-
tential in regulating carbohydrate intake centrally [23]. Elevated
FGF21 levels are associated with obesity-related conditions like
type 2 diabetes and hypertension, primarily correlating with

BMI [24]. Despite suggesting FGF21 resistance, pharmacologi-
cal administration improves metabolic health [25].

Pegbelfermin, a polyethylene glycol-modified (PEGylated) re-
combinant human FGF21 analog with an extended half-life, has
been evaluated in clinical trials for treating MASH, with sev-
eral studies reporting promising results [12, 26]. However, this
study represents the first quantitative analysis of Pegbelfermin's
efficacy in treating liver fibrosis. Previous research overlooked
the assessment of Pegbelfermin’s side effects due to its novelty
and recent trial status [27]. Thus, this study provides valuable
insights for clinical practitioners by synthesizing and quantita-
tively analyzing both the efficacy and safety of Pegbelfermin.
Given that Resmetirom is the only FDA-approved treatment for
MASH to date, there is a significant need for novel therapeu-
tic strategies. Pegbelfermin, a systemic therapy that impacts
multiple tissues, has shown encouraging results in improving
various outcomes associated with MASH [28]. The analysis in-
dicates that individuals with MASH who received a 10mg dose
of Pegbelfermin demonstrated a substantial improvement in
MASH compared to those who were administered a placebo.
However, individuals with MASH who received a 20mg dose
of Pegbelfermin did not demonstrate any significant improve-
ment in MASH compared to a placebo. This is comparable to
the findings of Loomba et al. who reported a lack of dose-related
changes in Pegbelfermin response rates in a randomized phase
2b study [20]. The data doesn't clearly show whether the limited
efficacy seen was due to the drug's modest activity in this group
of advanced patients or if neutralizing antibodies might have
had a bigger impact [21].

No significant improvement in liver stiffness was observed in
this study. However, liver stiffness is regulated by various fac-
tors, including exercise habits, as highlighted by Nakano et al.
[29]. Their study demonstrated that individuals aged >65years
with MASLD and ALT >30U/L had a significantly higher prev-
alence of hepatic fibrosis, but exercise habits were associated
with a lower prevalence of significant fibrosis. This suggests that
lifestyle interventions such as regular physical activity may have
a modifying effect on liver stiffness even when pharmacological
treatments do not yield significant improvements. Given these
findings, future studies should explore the combined impact
of pharmacological interventions like Pegbelfermin and struc-
tured exercise programs to better address fibrosis progression
and liver stiffness in MASH patients.

MASLD has been identified as a significant risk factor for he-
patocellular carcinoma (HCC) development in elderly patients
following HCV eradication, as demonstrated in Sano et al. [30].
Their study showed that elderly patients with MASLD who
achieved sustained virologic response (SVR) after direct-acting
antiviral (DAA) therapy had a significantly higher risk of HCC
than those without MASLD. Notably, the HCC incidence was
similar between MASLD patients with low alpha-fetoprotein
(AFP <7ng/mL) and those with high AFP (>7ng/mL), sug-
gesting that MASLD serves as a distinct oncogenic factor in-
dependent of traditional AFP-based risk stratification. Given
that MASLD remains a persistent driver of hepatic inflamma-
tion and fibrosis even after viral eradication, this highlights the
need for targeted therapies like Pegbelfermin to mitigate fibrosis
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progression and potentially reduce HCC incidence in this high-
risk population.

Our meta-analysis consistently demonstrates Pegbelfermin's fa-
vorable outcomes in improving MASH biomarkers, specifically
adiponectin, and PRO-C3, aligning with findings in previous
studies [22, 31]. This supports the notion that Pegbelfermin’s
benefits in MASH may stem from the proposed beneficial role of
adiponectin in the disease [27]. Adiponectin is a key adipokine
with insulin-sensitizing, anti-inflammatory, and anti-fibrotic
properties, whose levels are decreased up to 50% in patients
with MASH [32]. In humans, a correlation has been observed
between low adiponectin levels and conditions such as obesity
and insulin resistance [33]. Notably, a recent meta-analysis of
clinical trials involving diabetes therapeutics including piogli-
tazone and rosiglitazone revealed that elevated adiponectin lev-
els were linked to improvements in both steatosis and fibrosis
[34]. Simultaneously, our analysis reveals a significant dose-
dependent reduction in PRO-C3 with Pegbelfermin, suggesting
the drug's antifibrotic properties. PRO-C3 has been evaluated as
a diagnostic marker for significant fibrogenesis by marking the
formation of type III collagen and a dynamic biomarker of treat-
ment response [35, 36]. In individuals with chronic hepatitis C
virus infection, PRO-C3 levels have been found to correspond
with the severity of liver fibrosis, with higher baseline levels
associated with more advanced fibrotic disease progression
[36, 37]. Similarly, in patients with MASH, PRO-C3 levels have
been linked to disease activity and fibrosis stage [38]. Moreover,
reductions in PRO-C3 over time have been associated with im-
provements in hepatic fibrosis, as confirmed by biopsy [39].

The overall safety profile of Pegbelfermin has been positive, as it
was generally well tolerated. The most frequent adverse effects
observed were gastrointestinal, such as nausea and diarrhea;
however, their incidence was not statistically significant. This
is reflected in the comparable and generally low rates of discon-
tinuation observed in the Pegbelfermin arm when compared to
the placebo group [21]. While the initial trials of Pegbelfermin
did not achieve the efficacy thresholds required by Bristol Myers
Squibb (BMS) to show significant improvement in liver fibro-
sis without exacerbating MASH, these findings underscore the
importance of continued research [40]. These results contribute
valuable insights that can guide future studies and the develop-
ment of treatments for MASH.

The primary limitations of our meta-analysis stem from the lim-
ited number of available studies and their short treatment dura-
tion. Although all the studies we included were of high quality,
it is important to note that in the study conducted by Sanyal
et al. [22], 63% of the 20 mg weekly group and 92% of the 10mg
daily group developed anti-pegbelfermin and anti-FGF21 anti-
bodies, the implications of which have not been studied yet [31].
Additionally, a larger sample size would have increased the sta-
tistical power to detect a possible dose-response trend, which is
difficult to establish with limited data points. Studying subjects
with intermittent dosing and over a variety of doses like 5, 15mg
etc. can help bridge the gap between clinical and statistical ef-
ficacy thresholds. Another key limitation is the geographical
scope of the included studies, as all were conducted in either the
United States or Japan, which may limit the generalizability of

our findings to broader, more diverse populations. Our findings
highlight the potential of Pegbelfermin in improving MASH-
related outcomes and provide valuable insights for future drug
development endeavors targeting MASH. As the demand for
innovative therapeutic approaches in MASH treatment remains
critical, our meta-analysis serves as a foundation for guiding
future research and clinical practice in addressing this unmet
medical need.

5 | Conclusion

Pegbelfermin, a promising treatment for MASH-related fibrosis,
showed significant efficacy at a 10 mg dosage, improving MASH
and biomarkers like adiponectin and PRO-C3. While it main-
tained a favorable safety profile with minimal gastrointestinal
side effects, the absence of significant fibrosis improvement
highlights the need for further investigation. Future studies
should assess its long-term effects, optimal dosing strategies,
and potential synergy with agents like Resmetirom to optimize
therapeutic outcomes in MASH and fibrosis management.

Conflicts of Interest

The authors declare no conflicts of interest.

Endnotes

INASH is now referred to as MASH. It is written as NASH here to re-
flect the outcome reported in the studies.
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