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Graphical abstract

Efruxifermin appeared to be safe and well-tolerated, and improved markers of fibrosis and metabolism,
in patients with compensated cirrhosis due to NASH

Improved non-invasive markers of fibrosisAims for evaluation of efruxifermin: 

• Safety and tolerability
in compensated cirrhosis
due to NASH

• Non-invasive markers
of fibrosis, histology
(exploratory) and
metabolic health

Design:
Randomized (2:1), controlled trial evaluating
16 weeks treatment with 50 mg efruxifermin (n = 20)
or placebo (n = 10)

Results:
• Safe and well-tolerated, no treatment

related discontinuations
• Most frequent adverse events (AEs) were mild to

moderate gastrointestinal events 
• No incidence of DILI or decompensation
• Promising evidence of anti-fibrotic and

metabolic activity
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Highlights Lay summary

� Efruxifermin appeared safe and well-tolerated in pa-

tients with NASH and compensated cirrhosis.

� Improvements were noted in serum markers of liver
injury and fibrosis – consistent with histological
trends in efruxifermin-treated patients.

� Improvements in lipoprotein profile, insulin sensi-
tivity, and glycemic control indicate added beneficial
effects of efruxifermin.

� These data support the conduct of larger, adequately
powered studies to test the findings from this
hypothesis-generating study.
https://doi.org/10.1016/j.jhepr.2022.100563
Cirrhosis resulting from non-alcoholic steatohepatitis
(NASH), the progressive form of non-alcoholic fatty
liver disease, represents a major unmet medical need.
Currently there are no approved drugs for the treat-
ment of NASH. This proof-of-concept randomized,
double-blind clinical trial demonstrated the potential
therapeutic benefit of efruxifermin treatment
compared to placebo in patients with cirrhosis due to
NASH.
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Background & Aims: Efruxifermin has shown clinical efficacy in patients with non-alcoholic steatohepatitis (NASH) and F1–
F3 fibrosis. The primary objective of the BALANCED Cohort C was to assess the safety and tolerability of efruxifermin in
patients with compensated NASH cirrhosis.
Methods: Patients with NASH and stage 4 fibrosis (n = 30) were randomized 2:1 to receive efruxifermin 50 mg (n = 20) or
placebo (n = 10) once-weekly for 16 weeks. The primary endpoint was safety and tolerability of efruxifermin. Secondary and
exploratory endpoints included evaluation of non-invasive markers of liver injury and fibrosis, glucose and lipid metabolism,
and changes in histology in a subset of patients who consented to end-of-study liver biopsy.
Results: Efruxifermin was safe and well-tolerated; most adverse events (AEs) were grade 1 (n = 7, 23.3%) or grade 2 (n = 19,
63.3%). The most frequent AEs were gastrointestinal, including transient, mild to moderate diarrhea, and/or nausea. Signif-
icant improvements were noted in key markers of liver injury (alanine aminotransferase) and glucose and lipid metabolism.
Sixteen-week treatment with efruxifermin was associated with significant reductions in non-invasive markers of fibrosis
including Pro-C3 (least squares mean change from baseline [LSMCFB] −9 lg/L efruxifermin vs. −3.4 lg/L placebo; p = 0.0130)
and ELF score (−0.4 efruxifermin vs. +0.4 placebo; p = 0.0036), with a trend towards reduced liver stiffness (LSMCFB −5.7 kPa
efruxifermin vs. −1.1 kPa placebo; n.s.). Of 12 efruxifermin-treated patients with liver biopsy after 16 weeks, 4 (33%) achieved
fibrosis improvement of at least one stage without worsening of NASH, while an additional 3 (25%) achieved resolution of
NASH, compared to 0 of 5 placebo-treated patients.
Conclusions: Efruxifermin appeared safe and well-tolerated with encouraging improvements in markers of liver injury,
fibrosis, and glucose and lipid metabolism following 16 weeks of treatment, warranting confirmation in larger and longer
term studies.
Lay summary: Cirrhosis resulting from non-alcoholic steatohepatitis (NASH), the progressive form of non-alcoholic fatty liver
disease, represents a major unmet medical need. Currently there are no approved drugs for the treatment of NASH. This proof-
of-concept randomized, double-blind clinical trial demonstrated the potential therapeutic benefit of efruxifermin treatment
compared to placebo in patients with cirrhosis due to NASH.
Clinical Trial Number: NCT03976401
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Non-alcoholic steatohepatitis (NASH), the most severe and pro-
gressive form of non-alcoholic fatty liver disease (NAFLD), is
characterized by abnormal accumulation of fat in the liver
(steatosis), hepatocellular ballooning, and inflammation.1–3 The
global prevalence of NAFLD is increasing with recent estimates
Keywords: FGF21; non-alcoholic steatohepatitis/NASH; cirrhosis; clinical trial; liver
disease; efruxifermin; nonalcoholic fatty liver disease/NAFLD; histopathology.
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ranging from 25% to 30% worldwide, with 3% to 5% progressing
to NASH with advanced fibrosis or cirrhosis.4–6

Fibrosis stage is the strongest predictor of adverse clinical
outcomes in NASH.7–11 In a post hoc analysis of phase III inter-
ventional studies, an improvement of >−1 stage from F4 to <−F3
was associated with a reduction in incidence of liver-related
outcomes from 7.2% to 1.1%, corresponding to a greater than
80% reduction in liver-related complications.12

In the most advanced stages, NASH may present as crypto-
genic cirrhosis or burned-out NASH,13 which is associated with
higher probability of liver failure, hepatocellular carcinoma14

and/or major adverse cardiac events.7 NASH is among the lead-
ing causes of liver transplantation,15 a particularly acute need for
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patients with cirrhosis,9 who have an estimated transplant-free
survival rate of approximately 60% over 5 years.8

With no approved drugs for treating NASH there is a clear
unmet medical need to slow, halt, or reverse progression of
disease, particularly for patients with cirrhosis.16 Optimal ther-
apy would improve liver health (steatosis, inflammation, and
fibrosis) while restoring whole-body metabolic health by
reducing prevalent comorbidities of dyslipidemia, impaired gly-
cemic control, obesity, and hyperuricemia. To date, potential
drug candidates have tended to target either the underlying
metabolic dysfunction of the liver, or the downstream conse-
quences of hepatocyte stress and injury, inflammation, and
fibrosis.17

Fibroblast growth factor 21 (FGF21) analogues have emerged
as a promising therapeutic target possessing many of the char-
acteristics of an ideal NASH therapy. FGF21 not only addresses
the underlying disease driver (i.e., excessive accumulation of fat
in the liver), but also the downstream sequelae of inflammation
and fibrosis.18–25 FGF21 appears to act directly and indirectly to
reduce pro-fibrogenic signaling.26 Acting indirectly, FGF21 re-
duces liver fat and lipotoxicity while simultaneously protecting
against cell stress and activation of apoptosis, in turn suppressing
activation of Kupffer cells and hepatic stellate cells.20,21,24,27

Acting directly, FGF21 appears to inhibit activation of hepatic
stellate cells into collagen-secreting myofibroblasts.26 An
increasing number of FGF21 analogues are under clinical evalu-
ation with differences evident in their therapeutic profiles.
Variation in the extent of stimulation of FGF21’s cognate re-
ceptors (FGFR1c, FGFR2c, FGFR3c) in the two tissues contributing
most to the accumulation of fat in the liver, i.e. adipose tissue (via
FGFR1c) or liver (via FGFR2c/3c), may at least partly explain
these differences.26 For example, induction of maximal adipo-
nectin response downstream of FGFR1c signaling in adipose
tissue appears to be weaker for the PEGylated FGF21 analogue
pegbelfermin,28 than reported for other FGF21 analogues at
comparable or lower moles of FGF21.29 Such differences may in
part be attributable to lower exposure of PEGylated analogues in
peripheral adipose tissue than the liver, or the differences in
half-life of pegbelfermin30 and Fc-fusion FGF21 proteins.29

Efruxifermin is a long-acting FGF21 analogue comprised of a
modified sequence of native human FGF21 fused to the Fc region
of human IgG1. The mutations in the FGF21 moiety specific to
efruxifermin increase half-life in humans to more than three
days, and enhance binding affinity to the obligate co-receptor,
beta-klotho.29,31 Efruxifermin has balanced in vitro potency
across FGF21’s receptors, FGFR1c, FGFR2c, and FGFR3c31 and high
systemic exposure in vivo,29 enabling it to act on adipose tissue
and the liver, the major sources of liver fat. It is inactive at FGFR4,
thereby avoiding an undesirable increase in LDL-cholesterol
(LDL-C) levels. In a phase IIa study of patients with F1–F3
NASH, efruxifermin significantly reduced liver fat and markers of
liver injury, decreased fibrosis, improved glucose and lipid
metabolism, and reduced hyperuricemia, with a trend to weight
loss.32 Notable among these improvements was a 2-stage
reversal of fibrosis in 11 of 22 (50%) patients with F2 or F3
NASH after only 16 weeks of treatment.32

This study reports results from Cohort C, an expansion cohort
of the phase IIa study, in patients with compensated cirrhosis
(F4) due to NASH. The primary objective was to assess safety and
tolerability of efruxifermin in these patients, who are at the
highest risk of progressing to hepatic decompensation and liver
failure, and therefore have the greatest unmet medical need.
JHEP Reports 2023
Secondary objectives were to establish proof-of-concept for ef-
ficacy of efruxifermin in patients with compensated cirrhosis by
evaluating its effects on liver stiffness and biomarkers of liver
fibrosis. Exploratory objectives included evaluation of effects on
markers of liver injury, function, and histology, as well as whole-
body metabolism.
Patients and methods
Study design and participants
Cohort C was a randomized, double-blind, placebo-controlled
phase IIa expansion cohort of the BALANCED study
(NCT03976401) that evaluated safety and tolerability of efrux-
ifermin in patients with NASH and compensated cirrhosis (F4
fibrosis). This study was conducted at 18 gastroenterology or
hepatology clinics in the USA.

Eligible patients were 18 to 80 years of age with biopsy-
confirmed compensated cirrhosis due to NASH, as documented
by a local pathologist. Participants were required to have a
FibroScan measurement >13.1 kPa and enhanced liver fibrosis
(ELF) score >9.8, and no evidence of worsening levels of serum
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) between screening and randomization. Patients must have
had a glomerular filtration rate >−60 ml/min; hemoglobin A1c
(HbA1c) <−9.5%; hemoglobin >−11 g/dl; international normalized
ratio (INR) <−1.3; direct bilirubin <−0.3 mg/dl; total bilirubin <−1.3
× upper limit of normal (ULN); creatine kinase <3 × ULN; platelet
count >−125,000/ll; serum triglyceride level <−500 mg/dl; ALT and
AST <5 × ULN; alkaline phosphatase (ALP) <2 × ULN; and albumin
>−3.5 g/dl. Patients with decompensated liver disease, liver
transplantation, hepatocellular carcinoma or other chronic liver
diseases including viral hepatitis were excluded. Patients were
allowed to continue with their anti-diabetic medications
including glucagon like peptide-1 receptor agonists or sodium-
glucose transport protein 2 inhibitors, provided they were on a
stable dose for at least 6 months prior to screening. All partici-
pants provided written informed consent before enrollment. All
inclusion and exclusion criteria are provided in the supplemen-
tary information (Table S1).

Eligible participants were randomly assigned in a 1:2 ratio to
placebo or efruxifermin 50 mg treatment groups, for a total study
period of 26 weeks: 6 weeks for screening, 16 weeks on-
treatment, 4 weeks of safety follow-up (Fig. S1). A qualified
staff member administered the study drug (1.0 ml s.c. injection)
into the abdomen of each participant at weekly intervals. The
50 mg dose of efruxiferminwas chosen based on results from the
BALANCED main study,32 as optimally balancing efficacy with
safety and tolerability.

Interactive response technology (IRT) was used for central-
ized randomization and treatment assignment. Study site
personnel obtained the treatment assignment from the IRT.

Study drug (efruxifermin or placebo) was prepared by an
independent, unblinded, qualified healthcare professional (such
as a pharmacist not associated with the study). Efruxifermin and
placebo were identical in appearance and administered in a
blinded fashion to the participants. All investigators, staff,
sponsor, and patients were blinded to treatment assignment.

Study assessments
Safety and tolerability
Safety and tolerability of efruxifermin were assessed through the
reporting of adverse events (AEs), treatment-emergent adverse
2vol. 5 j 100563



events (TEAEs), clinical laboratory tests, electrocardiograms, vital
sign assessments, body weight, anti-drug antibodies (ADA)
including neutralizing activity (NAb), and concomitant medica-
tion usage. Markers of liver function (albumin, bilirubin, model
for end-stage liver disease [MELD] score, Child-Pugh score [C–
P]); hemostasis (INR, fibrinogen, platelets, and plasminogen
activator inhibitor-1 [PAI-1]), a marker of systemic inflammation
(high-sensitivity C-reactive protein [hs-CRP]), biomarkers of
bone turnover (osteocalcin, procollagen type-I N-terminal pro-
peptide [P1NP], C-terminal telopeptide of type 1 collagen [CTX-
1], bone specific alkaline phosphatase, parathyroid hormone,
and vitamin D), and a marker of hypothalamus-pituitary-adrenal
(HPA) axis activation (salivary cortisol) were obtained at baseline
and every 4 weeks throughout the study. Dual-energy X-ray
absorptiometry (DXA) scan measurements, including bone
mineral density of the lumbar spine, femoral neck, total hip, and
percent body fat, were performed at baseline and week 16. The
safety follow-up visit was performed at week 20, 4 weeks after
the last dose of study drug.

Clinical laboratory tests were performed by Medpace Refer-
ence Laboratories (Cincinnati, Ohio). ADA and NAb assays were
performed by Precision for Medicine Bioanalytical Laboratory
(Redwood City, California). Immunogenicity data analysis and
reporting were conducted by B2S Life Sciences (Franklin,
Indiana).

Non-invasive markers of fibrosis and liver injury
Efficacy was evaluated as change from baseline to week 16 in
non-invasive markers of fibrosis, including liver stiffness by
transient elastography (FibroScan) and serum markers N-termi-
nal type III collagen propeptide (Pro-C3), ELF score and its
components (hyaluronic acid; procollagen type III N-terminal
propeptide [P3NP]; and tissue inhibitor of metalloproteinase-1
[TIMP-1]). ALT, AST, bilirubin, gamma-glutamyltransferase
(GGT), ALP, and urate were measured every 4 weeks as bio-
markers of liver injury.

In response to requests from participants and investigators,
the protocol was amended to assess the impact of treatment on
NASH histopathology by liver biopsy obtained on a voluntary
basis at week 16. Baseline and end-of treatment biopsies were
read by a single pathologist (central reader, Pacific Rim Pathol-
ogy, San Diego, California). For all biopsies, the reader was
blinded to treatment, sequence, and participant. Imaging aspects
of the study were conducted by Perspectum Diagnostics (Oxford,
United Kingdom).

Markers of metabolism
Markers of lipid metabolism (triglycerides, LDL-C, HDL-choles-
terol [HDL-C], non-HDL-cholesterol [non-HDL-C]), insulin sensi-
tivity (C-peptide, insulin, adiponectin), glycemic control (HbA1c),
and body weight were measured at baseline and at weeks 4, 8
12, 16, and 20.

Outcome measures
The primary endpoint was safety and tolerability of efruxifermin
in patients with compensated cirrhosis due to NASH. Secondary
endpoints included change from baseline to week 16 in liver
stiffness and non-invasive biomarkers of fibrosis: ELF score and
serum levels of Pro-C3. Exploratory endpoints included changes
in liver histopathology, as well as in markers of liver injury and of
glucose and lipid metabolism. A full list of exploratory endpoints
is provided in the supplementary information (Table S2).
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Statistical analyses
Since the primary endpoint was safety and tolerability, sample
size was determined based on clinical considerations. Cross-
treatment comparison of secondary and exploratory endpoints
was not powered to detect pre-specified differences. Statistical
analyses were conducted by Medpace (Cincinnati, Ohio).

Demographic and baseline characteristics were summarized
with descriptive statistics. For the primary endpoint, safety and
tolerability of efruxifermin, the safety set included all individuals
who received at least one dose of study drug. All data collected
during treatment through 30 days after the last dose of study
drug were included in the safety analyses.

For the secondary endpoint of liver stiffness, analysis of
covariance (ANCOVA) was used to determine the absolute and
percent change from baseline to week 16, with treatment group
as a factor and baseline liver stiffness as a covariate using the full
analysis set. Normality of the residuals was tested by the
Shapiro-Wilk test.

For the secondary endpoints of non-invasive biomarkers of
fibrosis (ELF test score and Pro-C3) and exploratory endpoints
including markers of liver injury (AST, ALT, GGT, ALP), liver
function (albumin, bilirubin, MELD score, C–P score), hemostasis
(platelet count, INR,), HPA (salivary cortisol) and body weight, an
ANCOVA model with treatment group as a factor and baseline
value as a covariate was used. Exploratory biomarkers of lipid
metabolism, insulin sensitivity (C-peptide, insulin, adiponectin),
glycemic control (HbA1c), and DXA scan measurements were
also analyzed as absolute and percent change from baseline by
treatment using an ANCOVA model with treatment group as a
factor and baseline value as a covariate. Analysis of urate,
fibrinogen, PAI-1 and hs-CRP was performed using mixed-model
repeated measures with absolute change from baseline as the
dependent variable and treatment group and visit as factors and
baseline value as a covariate, as well as interaction of treatment
group by visit. For all of the above, least squares (LS) mean, 95%
CIs, and p values for change from baseline as well as difference
from placebo were calculated. The Shapiro-Wilk normality test
was performed for residuals from the model; if the p value was
<0.01, non-parametric analyses were conducted. Non-parametric
analyses are presented for the ELF score and for its individual
components (P1NP, hyaluronic acid, TIMP-1), where p values are
from the Wilcoxon rank-sum test.

The liver biopsy analysis set included all patients with week
16 liver biopsies whose stage-4 fibrosis at baseline was
confirmed by the central reader. Data were analyzed according to
the proportion of individuals at week 16 whose fibrosis
regressed by >−1 stage; fibrosis regressed by >−1 stage with no
worsening in non-alcoholic fatty liver disease activity score
(NAS); NAS improved by >−2 points; NAS improved by >−1-point in
any of steatosis, lobular inflammation, or hepatocellular
ballooning; or NASH resolved (i.e., 0- or 1-point inflammation, 0-
point ballooning).

Study oversight
The study protocol and all amendments were approved by an
institutional review board and independent ethics committee for
each site in compliance with the ethical principles of the
Declaration of Helsinki, and consistent with the International
Conference on Harmonization of Good Clinical Practice and
applicable regulatory guidelines. The study was designed and
conducted according to the Sponsor’s (Akero Therapeutics, Inc)
protocol. An independent data monitoring committee reviewed
3vol. 5 j 100563



Assessed for eligibility (n = 75)

Randomized (n = 30)

Excluded (n = 45)

Allocated to efruxifermin (n = 20)
•  Received 16 weeks of treatment (n = 19)
•  Discontinued prior to week 16 due to
   adverse events (n = 1)

Did not consent to end-of-treatment
biopsy (n = 4)

Not confirmed F4 at baseline by central
reader (n = 3)

Analyzed (n = 12) Analyzed (n = 5)

Did not consent to end-of-treatment
biopsy (n = 4)

Allocated to placebo (n = 10)
•  Received 16 weeks of treatment (n = 9)
•  Withdrew consent prior to week 16 (n = 1)

Enrollment

Received treatmenta

Biopsy analysisb

Follow-up

Fig. 1. CONSORT clinical study flow diagram. aComprises the full analysis set and bcomprises the biopsy analysis set.
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progress and provided oversight. Further information regarding
the methods is available in the CONSORT statement.
Results
Patient disposition
Between 4 June 2020 and 23 September 2020, 75 patients were
screened at 18 sites in the USA. A total of 30 patients with
compensated cirrhosis due to NASH were enrolled and ran-
domized to receive either efruxifermin (n = 20) or placebo (n =
10). Follow-up continued until 10 February 2021. All patients
started the study, with two patients discontinuing prior to week
16: one placebo patient withdrew consent, and one efruxifermin
patient withdrew due to adverse events. The remaining patients
(19 efruxifermin and 9 placebo) completed 16 weeks of treat-
ment. Eight patients (4 in each group) did not consent to
optional end-of-treatment biopsy. Three efruxifermin patients
assessed originally by a local pathologist as F4 were not
confirmed as F4 by the central reader, thus were not included in
the biopsy analysis set. Of these three patients, two were
considered difficult to stage by the central pathologist and one
patient was identified as a borderline F3. The remaining 17 pa-
tients with end-of-treatment biopsies were confirmed as F4
patients by the central reader and comprised the biopsy analysis
set: 12 efruxifermin-treated and 5 in the placebo group (Fig. 1).
Non-invasive markers of fibrosis were evaluated in all in-
dividuals (full analysis set) and in the liver biopsy analysis set.

Baseline demographics and disease characteristics
The demographics and baseline characteristics of participants in
this study are representative of patients with compensated
cirrhosis due to NASH and were generally balanced across
treatment groups with a few exceptions (Table 1), potentially
due to the small sample size. The mean age was 61 and 57 years
in efruxifermin and placebo groups, respectively, while baseline
JHEP Reports 2023
body weight was higher in the placebo group. The efruxifermin-
treated group was predominantly female (n = 16; 80%), while the
placebo group was mostly male (n = 7; 70%). Pathophysiological
characteristics reflect the advanced NASH stage of F4 patients, as
indicated by mean AST and ALT values in the low thirties, ELF
scores ranging between 9.7 and 10.4, and relatively high values
for Pro-C3 (22.6 to 25.6 lg/L) and liver stiffness (22.1 to 25.8 kPa).

Mean triglyceride levels are also lower than earlier stages of
NASH, likely due to lower capacity for secretion of VLDL resulting
from fewer healthy hepatocytes in patients with cirrhosis. Half of
the patients had type 2 diabetes, with mean baseline HbA1c
values of 6.5–7.3%, compared to 5.7% in patients without
diabetes.

In the full analysis set, based on levels of fibrosis biomarkers
Pro-C3 and ELF, the efruxifermin-treated group appears to be
slightly more advanced compared to the placebo group. How-
ever, in the liver biopsy analysis set (n = 17), baseline levels of
these fibrosis biomarkers were comparable across both treat-
ment groups as shown in Table S3. The small number of patients
in each group likely contributed to the apparent variability across
some of the baseline characteristics.

Safety and tolerability
The primary objective was to determine safety and tolerability of
efruxifermin in patients with compensated cirrhosis due to
NASH. Overall, efruxifermin appeared to be well-tolerated, with
a similar safety profile to that observed in patients with fibrosis
stage 1-3.32 No new population-specific safety concerns were
noted. Twenty-seven (90%) participants reported one TEAE: 19
(95.0%) in the efruxifermin group and 8 (80.0%) in the placebo
group. The majority of TEAEs were grade 1 (n = 7, 23.3%) or grade
2 (n = 19, 63.3%). Table 2 lists all TEAEs reported in >−15% of pa-
tients in either treatment group. Compared to placebo, more
patients in the efruxifermin group experienced TEAEs of special
interest, which included diarrhea, injection site reactions
4vol. 5 j 100563



Table 1. Baseline demographics and disease characteristics.

Parameter Placebo (n = 10) Efruxifermin (n = 20)

Mean age, years (SD) 57.1 (14.4) 61.1 (10.0)
Sex, n (%)

Male 7 (70.0) 4 (20.0)
Female 3 (30.0) 16 (80.0)

Race or ethnicity, n (%)
White 10 (100.0) 18 (90.0)
Black or African American 0 1 (5.0)
Native Hawaiian or other Pacific Islander 0 1 (5.0)
Hispanic or Latino 5 (50.0) 8 (40.0)

Metabolic risk factors and parameters, mean (SD)
Body weight, kg 119.1 (30.5) 97.9 (19.8)
Body mass index, kg/m2 39.1 (8.2) 36.0 (5.6)
Type 2 diabetes, n (%) 5 (50.0) 10 (50.0)

Markers of liver health, mean (SD)
Alanine aminotransferase, U/L 32.7 (20.0) 31.7 (16.8)
Aspartate aminotransferase, U/L 28.9 (21.1) 31.4 (13.7)
Gamma-glutamyltransferase, U/L 46.7 (17.7) 75.8 (39.2)
Alkaline phosphatase, U/L 67.2 (19.0) 77.9 (24.6)
Urate, mg/dl 5.9 (1.4) 6.0 (1.2)
High-sensitivity C-reactive protein, mg/L 4.9 (5.8) 6.7 (8.4)
Liver steatosis, CAP score, dB/m 336.9 (48.5) 299.2 (59.3)

Markers of fibrosis, mean (SD)
Pro-C3, lg/L 22.6 (11.8) 25.6 (27.5)
ELF score 9.7 (0.8) 10.4 (1.2)
Liver stiffness, kPA 25.8 (13.2) 22.1 (10.8)

Markers of liver function, mean (SD)
Bilirubin, mg/dl 0.8 (0.2) 0.7 (0.3)
Albumin, g/dl 4.3 (0.2) 4.2 (0.3)
Platelets, 10

ˇ

9/L 166.8 (29.5) 191.7 (34.5)
Fibrinogen, mg/dl 407.0 (93.7) 452.2 (64.6)
International normalized ratio 1.1 (0.1) 1.1 (0.1)
Plasminogen activator inhibitor-1, IU/ml 14.0 (11.8) 14.5 (10.6)
Model for end-stage liver disease score 6.9 (0.9) 7.4 (1.0)
Child-Pugh score 5.0 (0.0) 5.1 (0.2)

NAFLD activity score, mean (SD) 3.3 (2.1) 4.1 (1.7)
Markers of lipid metabolism, mean (SD)

Total cholesterol, mg/dl 157.1 (42.9) 167.4 (40.4)
Triglycerides, mg/dl 121.7 (59.6) 134.6 (62.8)
LDL-C, mg/dl 89.5 (34.7) 90.1 (34.4)
HDL-C, mg/dl 43.3 (12.4) 50.4 (13.8)
Non-HDL-C, mg/dl 113.8 (43.3) 117.1 (41.2)
Apolipoprotein B, mg/dl 82.8 (26.1) 82.6 (26.5)
Apolipoprotein C-III, mg/dl 6.3 (3.3) 7.8 (4.0)
Lipoprotein-a (nmol/L) 48.7 (71.9) 61.9 (66.7)
Beta -hydroxybutyrate (mmol/L) 0.1 (0.1) 0.1 (0.1)
Bile acids (lmol/L) 10.3 (6.7) 9.5 (8.8)

Markers of glycemic control, mean (SD)
Fasting serum glucose, mg/dl 122.9 (26.4) 107.3 (16.4)
HbA1c, % 6.6 (1.4) 6.1 (1.0)
Patients with type 2 diabetes 7.3 (1.6), n = 5 6.5 (1.1), n = 10
Patients without type 2 diabetes 5.8 (0.7), n = 4 5.7 (0.5), n = 9
C-peptide, lg/L 5.7 (2.1) 5.1 (1.0)
Insulin, mIU/L 38.7 (21.9) 29.4 (9.3)
HOMA-IR 12.5 (8.1) 8.4 (3.7)
Adiponectin, mg/L 4.8 (2.5) 5.8 (2.9)

Concomitant medications of interest, n (%)
Statins 3 (30.0) 6 (30.0)
GLP-1 receptor agonists 3 (30.0) 3 (15.0)

CAP, controlled attenuation parameter; HOMA-IR, homeostatic model assessment of insulin resistance.
(including bruising, erythema, pruritus, and rash), and decreased
blood glucose. The most frequent AEs were gastrointestinal,
predominantly mild or moderate, occurring primarily during the
first 4 weeks of treatment, generally transient and resolving
without treatment. Injection site reactions were infrequent,
transient, and of mild severity (all grade 1). There were no
serious AEs in the efruxifermin group. One placebo-treated
JHEP Reports 2023
patient (3.3%) experienced a grade 4 TEAE of pulmonary embo-
lism, considered unrelated to study treatment or procedures.
One patient treated with efruxifermin discontinued at week 5
due to adverse events, experiencing abdominal distension (grade
1), constipation (grade 1), diarrhea (grade 1) and pruritus (grade
1). There were no deaths and no cases of hepatic decompensa-
tion or drug-induced liver injury. Most hemostasis parameters
5vol. 5 j 100563



Table 2. Safety and tolerability.

Safety overview Placebo (n = 10) Efruxifermin (n = 20)

Study discontinuations 1a 1b

Deaths 0 0
Any treatment-emergent adverse events, n (%) 8 (80) 19 (95)
Treatment-emergent adverse events, n (%)

Life-threatening 1 (10) 0
Severe 0 0
Moderate 5 (50) 14 (70)
Mild 2 (20) 5 (25)
Study procedure related 1 (10) 7 (35)

Treatment-emergent events leading to discontinuation, n (%) 0 1 (5)
Drug-related treatment-emergent adverse events, n (%) 3 (30) 13 (65)
Serious adverse events 1c 0
Treatment-emergent events occurring in >−15% of patients in any group, n (%)
Gastrointestinal disorders 6 (60) 14 (70)

Diarrhea 1 (10) 10 (50)
Nausea 2 (10) 9 (45)
Vomiting 0 4 (20)
Abdominal pain 2 (20) 3 (15)
Constipation 0 4 (20)
Gastroesophageal reflux disease 2 (20) 0

Nervous system disorders 4 (40) 8 (40)
Headache 1 (10) 4 (20)

General disorders and administration site conditions 1 (10) 10 (50)
Injection site reaction 0 6 (30)
Injection site bruising 1 (10) 4 (20)
Injection site erythema 0 5 (25)

Infections and infestations 2 (20) 7 (35)
Sinusitis 0 4 (20)

Skin and subcutaneous tissue disorders 0 9 (45)
Pruritus 0 3 (15)

a Withdrawal of consent.
b Abdominal distention, constipation, diarrhea, pruritus.
c Pulmonary embolism.

Research article
either remained stable (INR) or trended to improve (platelets,
PAI-1) (Table S5, Fig. 2). There were no increases in MELD or C–P
score, and markers of liver function (e.g., total/direct bilirubin,
albumin) were unchanged. A marker of systemic inflammation,
hs-CRP, was significantly reduced from baseline at week 8 and
trended lower after 12 and 16 weeks of efruxifermin treatment
(Fig. 2).

Vital signs including heart rate and blood pressure were un-
changed. Bone mineral density was unchanged over 16 weeks of
treatment. Consistent with this, levels of CTX-1 (a bone resorp-
tion marker) were unchanged relative to baseline (p = 0.2445)
and to placebo (p = 0.7114). However, levels of P1NP (a biomarker
of type-I collagen synthesis in EFX-treated group any tissue or
organ in the body) were approximately 20% lower (p = 0.0211 vs.
placebo). Levels of salivary cortisol (a marker of HPA axis acti-
vation) were unchanged throughout the treatment period.

Of the patients who received efruxifermin, 11 of 20 (55%)
tested positive for treatment-emergent ADAs by week 20. The
observed titers were low (1:26.01 or lower) and were first
detected at week 8. Sensitivity of the ADA assay, at 5.574 ng/ml,
is >15-fold more sensitive than the FDA-recommended 100 ng/
ml.33 No patients developed NAbs to efruxifermin. One ADA-
positive patient had high triglyceride levels which could have
interfered with detection of NAbs. One efruxifermin-treated
patient (8.3% of ADA-positive patients) had antibodies which
cross-reacted with endogenous FGF21. Utilizing individual
patient-level elevation of serum adiponectin or reduction in
serum triglycerides as pharmacodynamic markers, there was no
JHEP Reports 2023
discernible attenuation of response to efruxifermin associated
with development of anti-efruxifermin antibodies.
Non-invasive markers of fibrosis
Liver stiffness was significantly decreased over 16 weeks of
efruxifermin treatment (LS mean absolute change from baseline
[CFB] −5.7 kPa, p = 0.0036 vs. baseline [LS mean relative CFB
−24.4%, p = 0.0007 vs. baseline]) compared to a smaller decrease
for placebo (LS mean absolute CFB −1.9 kPa, p = 0.4519 vs.
baseline; LS mean relative CFB of −7.6% [p = 0.3970 vs. baseline])
(Fig. 3A). The reduction in liver stiffness in efruxifermin-treated
patients over 16 weeks was not statistically significantly
different from placebo (p = 0.1326), and was comparable in pa-
tients with or without type 2 diabetes.

Serummarkers of fibrosis and fibrogenesis, ELF score and Pro-
C3, improved significantly following 16 weeks of treatment with
efruxifermin. ELF score decreased by 0.4 (median absolute CFB,
p = 0.0036 vs. placebo) over 16 weeks of treatment with efrux-
ifermin, while placebo was associated with a median absolute
CFB of +0.4 (Fig. 3A). Components of the ELF score (Table 3) also
appeared to improve, with significant reductions in P3NP in the
treated group (−3.2 lg/L; p = 0.0019 vs. placebo) compared to
placebo (+1.8 lg/L). Significant reductions from baseline were
also noted in hyaluronic acid (CFB −19.4 lg/L in the efruxifermin-
treated group compared to +16.4 lg/L in the placebo group; p =
0.0139) and in TIMP-1 (CFB -35.7 lg/L in the treated group
compared to +17.6 lg/L in placebo; p = 0.0415).
6vol. 5 j 100563
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Fig. 2. Time courses for absolute change from baseline in levels of plas-
minogen activator inhibitor-1, platelets, and high-sensitivity C-reactive
protein. Significance is indicated by asterisks: *p <0.05, **p <0.01 vs. placebo
(MMRM). The vertical line at week 16 indicates the end of the treatment
period, with safety follow-up continuing to week 20.
Sixteen weeks of treatment with efruxifermin significantly
reduced the FibroScan-AST or FAST score, a composite biomarker
for non-invasively identifying patients at risk of progressive
JHEP Reports 2023
NASH, combining liver stiffness measurement, controlled atten-
uation parameter (CAP), and AST (Fig. 3B).34

Pro-C3 was also significantly decreased over 16 weeks (LS
mean absolute CFB −9.0 lg/L, p = 0.0130 vs. placebo [LS mean
relative CFB -16.2%]) compared to a smaller decrease on placebo
(LS mean absolute CFB −3.4 lg/L [LS mean relative CFB +3.9%])
(Fig. 3C, Table 3). Although Pro-C3 declined over time in the
placebo group, potentially as a result of implementation of life-
style intervention and regular clinical evaluation per standard of
care, the magnitude of reduction was significantly less than in
efruxifermin-treated patients.

Non-invasive markers of fibrosis were also evaluated in the
liver biopsy analysis set comprising those individuals with
available end-of-treatment biopsies and confirmed cirrhosis at
baseline; the results were comparable to those observed in the
full analysis set (Table S4).

Exploratory endpoints
Markers of liver injury
ALT levels were significantly decreased over 16 weeks of efrux-
ifermin treatment (LS mean absolute CFB −10.3 U/L [LS mean
relative CFB −22.1%]) by comparison with placebo (LS mean ab-
solute CFB −1.3 U/L [LS mean relative CFB +3.0%], p = 0.0098,
efruxifermin vs. placebo) (Fig. 3D, Table 3). Four weeks after the
last dose, ALT had returned to near-baseline levels. AST showed a
similar numerical trend to ALT for LS mean absolute CFB (SE) in
treated patients of −9.6 (1.6) U/L compared to an LS mean ab-
solute CFB of −4.5 (2.2) U/L for placebo (p = 0.0752, efruxifermin
vs. placebo). The relative reduction in AST at week 16 (LS mean
CFB of −25.8%) for the treated group was significantly (p = 0.0112)
greater than −5.5% for placebo (Fig. 3E, Table 3). Of the other
markers of liver injury, GGT (Fig. 3F, Table 3) and ALP (Fig. 3G,
Table 3) showed numerical but not statistically significant re-
ductions in treated patients as early as week 8 that appeared to
be sustained through week 16, compared to increases in the
placebo group. For GGT, the LS mean (SE) absolute CFB was -14.5
(13.7) U/L for treated patients, compared to +21.3 (19.3) U/L for
placebo (p = 0.1569, efruxifermin vs. placebo). For ALP, the LS
mean (SE) absolute CFB to week 16 was -2.9 (4.8) U/L for treated
patients, compared to +4.6 (6.7) for placebo (p = 0.3748, efrux-
ifermin vs. placebo). Levels of urate, another marker of hepato-
cyte stress, decreased significantly more in treated patients (LS
mean absolute CFB of −0.98 mg/dl; p = 0.0357 vs. placebo [rela-
tive CFB -16.19%]; p = 0.0143 vs. placebo), compared to an LS
mean absolute CFB of -0.34 mg/dl (relative CFB −4.56%) for the
placebo group (Fig. 3H, Table 3).

Histology of liver biopsies
The apparent reduction in non-invasive markers of fibrosis
with efruxifermin treatment was associated with evidence of
fibrosis regression in this small cohort of patients with paired
biopsies. Four (33%) of 12 efruxifermin-treated patients with
confirmed cirrhosis at baseline and available end-of-treatment
biopsies achieved fibrosis improvement of >−1 stage without
worsening of NASH. By comparison, in the placebo group, none
of the 5 patients with available end-of-treatment biopsies
achieved this threshold (Fig. 4A). Three (25%) efruxifermin-
treated patients achieved NASH resolution (0 to 1-point
inflammation, 0-point ballooning) compared to none in the
placebo group (Fig. 4B). Patients whose fibrosis improved
without NAS worsening were distinct from those who had
NASH resolution. Seven of 12 patients (58%) in the efruxifermin
7vol. 5 j 100563
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Fig. 3. Absolute change from baseline to week 16 for liver stiffness and ELF score, pre- and post-treatment FAST score, time course for Pro-C3 and liver
enzymes, and absolute change in urate from baseline. Values are shown as LS mean CFB values ± SEs, with p values from an ANCOVA model for FibroScan liver
stiffness, Pro-C3, ALT, AST, GGT, ALP; Wilcoxon rank-sum test for median change in ELF score; and an MMRM for urate. p values for FAST score are from repeated-
measures two-way ANOVA followed by Sidak’s multiple comparisons test. Refer to statistical analysis in methods for details. For ALT, AST, GGT, and ALP, the last
observation carried forward method was used for patients with missing values. For urate, only individuals from the full analysis set with non-missing baseline
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group at week 16 had a >−2-point improvement in NAS
compared with 1 of 5 patients (20%) in the placebo group.
Overall, 9/12 efruxifermin patients (75%) with confirmed
cirrhosis at baseline and end-of-treatment biopsies experi-
enced either fibrosis improvement without worsening of NASH,
NASH resolution, or improvement in NAS by >−2-points,
compared to 1 of 5 (20%) placebo patients.
JHEP Reports 2023
Markers of lipid and glucose metabolism
Markers of lipid (Fig. 5A-D) and glucose metabolism (Fig. 5E-G)
are consistent with efruxifermin restoring a healthier whole-
body metabolic phenotype. Lipoprotein profiles were signifi-
cantly improved after 16 weeks treatment, with reductions of
29% for triglycerides (p <0.0001 vs. baseline; p = 0.0020 vs.
placebo), 14% for non-HDL-C (p = 0.0004 vs. baseline; p =
8vol. 5 j 100563



Table 3. Change from baseline to week 16 in non-invasive markers of fibrosis, ELF score and its components, and markers of liver injury.

Placebo (n = 10) Efruxifermin (n = 20)

p vs. placeboValue p vs. baseline Value p vs. baseline

Liver stiffness (kPa)
Baseline mean (SD) 25.8 (13.2) 22.6 (10.9)
LS mean absolute CFB (95% CI)1 −1.9 (−7.0, 3.2) 0.4519 −5.7 (−9.4, −2.0) 0.0036 0.2226
LS mean percent CFB (95% CI)1 −7.6 (−25.6, 10.5) 0.3970 -24.4 (−37.5, −11.4) 0.0007 0.1326

Pro-C3 (lg/L)
Baseline mean (SD) 22.6 (11.8) 28.9 (30.8)
LS mean absolute CFB (95% CI)1 −3.4 (−6.9, 0.2) 0.0620 −9.0 (−11.5, −6.5) <0.0001 0.0130
LS mean percent CFB (95% CI)1 3.9 (−17.7, 25.4) 0.7168 −16.2 (−31.4, −1.0) 0.0379 0.1309

ELF score
Baseline, median 9.5 10.4
Median absolute CFB (IQR)2 0.4 (0.0, 0.6) NC −0.4 (−0.9, −0.0) NC
Median difference vs. placebo2 −0.8 (−1.3, −0.4) 0.0036

Hyaluronic acid, lg/L
Baseline, median 63.8 116.9
Median absolute CFB (IQR)2 16.4 (1.8, 69.9) NC −19.4 (−58.3, 6.4) NC
Median difference vs. placebo2 −59.3 (−86.6, −11.1) 0.0139

P3NP, lg/L
Baseline, median 8.2 11.6
Median absolute CFB (IQR)2 1.8 (0.3, 3.4) NC −3.2 (−5.7, −1.2) NC
Median difference vs. placebo2 −5.9 (−9.0, −2.7) 0.0019

TIMP-1, lg/L
Baseline, median 230.2 279.5
Median absolute CFB (IQR)2 17.6 (−14.3, 43.0) NC −35.7 (−74.1, 3.6) NC
Median difference vs. placebo2 −52.3 (−112.9, −6.9) 0.0415

ALT, U/L
Baseline mean (SD) 32.7 (20.0) 31.8 (17.2)
LS mean absolute CFB (95% CI)1 −1.3 (−6.7, 4.1) 0.6289 −10.3 (−14.3, −6.4) <0.0001 0.0098
LS mean percent CFB (95% CI)1 3.0 (−14.5, 20.4) 0.7301 −22.1 (−34.8, −9.5) 0.0014 0.0244

AST, U/L
Baseline mean (SD) 28.9 (21.1) 31.6 (14.0)
LS mean absolute CFB (95% CI)1 −4.5 (−9.0, 0.1) 0.0566 −9.6 (−12.9, −6.2) <.0001 0.0752
LS mean percent CFB (95% CI)1 −5.5 (−17.9, 6.8) 0.3654 −25.8 (−34.8, −16.9) <.0001 0.0112

GGT, U/L
Baseline mean (SD) 46.7 (17.7) 76.2 (40.2)
LS mean absolute CFB (95% CI)1 21.3 (−18.4, 61.0) 0.2808 −14.5 (−42.6, 13.6) 0.2996 0.1569
LS mean percent CFB (95% CI)1 42.2 (−16.1, 100.5) 0.1487 −23.0 (−64.2, 18.3) 0.2624 0.0817

ALP, U/L
Baseline mean (SD) 67.2 (19.0) 77.9 (24.6)
LS mean absolute CFB (95% CI)1 4.6 (−9.2, 18.4) 0.4988 −2.9 (−12.9, 7.0) 0.5468 0.3748
LS mean percent CFB (95% CI)1 6.5 (−10.6, 23.7) 0.4412 −2.4 (−14.7, 10.0) 0.6956 0.3999

Urate, mg/dl
Baseline mean (SD) 5.87 (1.41) 6.04 (1.22)
LS mean absolute CFB (95% CI)3 −0.34 (−0.82, 0.14) 0.1526 -0.98 (−1.32, −0.63) <.0001 0.0357
LS mean percent CFB (95% CI)3 −4.56 (−11.95, 2.83) 0.2164 −16.19 (−21.52, −10.86) <.0001 0.0143

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CFB, change from baseline; ELF, enhanced liver fibrosis; GGT, gamma-
glutamyltransferase; NC, not calculated; LS, least squares; Pro-C3, N-terminal type III collagen propeptide; P3NP, procollagen type III N-terminal propeptide; TIMP-1, tissue
inhibitor of metalloproteinase-1.
1 p values from ANCOVA.
2 p values from Wilcoxon rank-sum test.
3 p values from mixed-effects model of repeated measure.
0.0002 vs. placebo), and 8% for LDL-C (p =0.0961 vs. baseline;
p = 0.0056 vs. placebo), compared to placebo patients, who
experienced increases of 0.8% for triglycerides (p = 0.9289 vs.
baseline), 11.8% for non-HDL-C (p = 0.0211 vs. baseline), and 16%
for LDL-C (p = 0.0198 vs. baseline). Consistent with restoration
of a healthier lipoprotein profile, HDL-C increased by 33% (p
<0.0001 vs. baseline; p = 0.0062 vs. placebo) in efruxifermin-
treated patients compared to 3% for placebo (p = 0.7581 vs.
baseline). Among other evaluated markers of lipid
metabolism, efruxifermin treatment appeared to significantly
(p = 0.0004 vs. placebo) reduce apolipoprotein B levels (LS
mean CFB: -11.1%) compared to an increase of 7.1% for placebo,
but apolipoprotein C-III was unchanged (LS mean CFB +15% for
JHEP Reports 2023
the treated group compared to +20% for placebo; p = 0.7220),
and lipoprotein-a levels appeared to increase significantly (LS
mean CFB +32.7% for treated group compared to +8.4% for
placebo, p = 0.0203). Efruxifermin treatment was associated
with a numerically higher serum concentration of beta-
hydroxybutyrate (LS mean CFB +68.4% for the treated group
compared to +37.8% for placebo, p = 0.4448). Levels of bile acids
in the treated group did not appear to be different from placebo
(LS mean CFB +39% for the treated group compared to +54% for
placebo, p = 0.7083).

After 16 weeks of treatment, efruxifermin elicited statisti-
cally significant and potentially clinically meaningful improve-
ments in multiple serum markers of glucose metabolism. Mean
9vol. 5 j 100563
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Fig. 4. Proportion of patients with NASH cirrhosis achieving an improve-
ment in fibrosis stage or NASH resolution after 16 weeks. The study was not
powered to assess statistical significance of histological endpoints. NAS, non-
alcoholic fatty liver disease activity score; NASH, non-alcoholic steatohepatitis.
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HbA1c declined by 0.4% (absolute CFB, p = 0.0011 vs. placebo)
across all treated patients, compared with an increase of 0.1%
for placebo. For the subset of patients with type 2 diabetes, all
of whom remained on their existing anti-diabetic medications,
the absolute change from baseline in HbA1c was -0.5% (p =
0.0013 vs. baseline; p = 0.0579 vs. placebo) compared to a 0.1%
decrease for the corresponding subset of placebo patients. In
patients without type 2 diabetes, efruxifermin was associated
with a decrease of 0.3% (p = 0.0019 vs. baseline; p = 0.0023 vs.
placebo) compared to an increase of 0.2% for placebo. Efrux-
ifermin appeared to improve glucose control by enhancing
peripheral insulin sensitivity, as indicated by a 20% LS mean
relative reduction in C-peptide (p = 0.0073 vs. baseline)
compared to a decrease of 7% for placebo (p = 0.2817 vs. pla-
cebo). Reflecting the enhanced insulin sensitivity associated
with efruxifermin treatment, adiponectin increased by 95.2% (p
<0.0001 vs. baseline) compared to an increase of 4.1% for pla-
cebo (p <0.0001 vs. placebo).

As shown in Fig. 5A,E,F, changes in metabolic parameters
(triglycerides, adiponectin, and HbA1c) occurred early and were
sustained throughout 16 weeks of treatment.
JHEP Reports 2023
In contrast to the insulin-sensitizing peroxisome proliferator
activating receptor gamma class of oral anti-diabetic medica-
tions, efruxifermin treatment was associated with a trend to-
ward reduction in body weight (Fig. 5H) of −2.2 kg (p = 0.0814 vs.
baseline; p = 0.1325 vs. placebo) or a relative loss of 2.2% (p =
0.0628 vs. baseline; p = 0.1490 vs. placebo), as opposed to a trend
toward body weight gain observed in the placebo group of 1.2 kg
(absolute CFB, p = 0.5004 vs. baseline) or 0.9% (relative CFB, p =
0.6124 vs. baseline).

Significant improvement was also noted in liver steatosis
assessed by CAP (FibroScan) with an absolute change from
baseline (LS mean) of −37.6 dB/m, p = 0.0027 vs. placebo (relative
CFB: −10.5%; p = 0.0037 vs. placebo) in the efruxifermin-treated
group compared to an increase of 12.1 dB/m (relative CFB:
4.6%) for the placebo group.
Discussion
Up to 20% of patients with NASH develop cirrhosis (F4) within 10
years.35 Patients with NASH cirrhosis have a poor prognosis,
carrying a high risk of liver decompensation and progression to
end-stage liver disease, including ascites, variceal hemorrhage,
hepatic encephalopathy, liver failure, and liver cancer,35 as well
as liver-related and all-cause mortality.9,17 In a recent post hoc
analysis of two interventional studies, reversal of cirrhosis in
patients with NASH, i.e. 1-stage improvement of fibrosis, was
associated with a greater than 80% reduction in relative risk of
liver-related clinical events.12 Such a reduction in risk represents
significant potential medical benefit for patients who may
otherwise progress to decompensation and end-stage liver dis-
ease. Treatment of this population should aim to prevent hepatic
decompensation and liver-related and all-cause mortality,
reverse cirrhosis, and ultimately restore liver function. To date,
experimental medicines with diverse modes of action have failed
to meaningfully improve fibrosis in patients with compensated
cirrhosis due to NASH, despite showing promising results in less
advanced NASH in prior clinical studies (simtuzumab,35 selon-
sertib,36 cilofexor,37 firsocostat,37 semaglutide [NCT03987451],
pegbelfermin [Abdelmalek, 2021]).

While patients with compensated cirrhosis due to NASH
suffer from more advanced disease, efruxifermin appeared to
demonstrate a tolerability and safety profile similar to that re-
ported for patients with less advanced disease (F1–F3 NASH) in
the BALANCED main study.32 Although the trial’s duration was
not long enough to evaluate clinical outcomes, there were no
decompensation events reported for patients with cirrhosis
treated with efruxifermin. Circulating biomarkers of liver func-
tion (albumin, bilirubin, MELD, C–P scores) appeared unchanged,
while most markers of hemostasis were either preserved
(platelets, clotting time) or showed a trend towards improve-
ment (PAI-1).

Although this study was not designed to evaluate histologic
improvements, an exploratory analysis demonstrated a numeric
difference between treated patients compared to placebo
following 16 weeks of treatment. Four of 12 patients (33%)
treated with 50 mg efruxifermin who opted to receive an end-
of-study biopsy showed an improvement in fibrosis stage
without worsening of NASH, and an additional 25% showed
NASH resolution. Consistent with the apparent improvement in
histopathology, liver stiffness was reduced by 26%, a magnitude
previously associated with a 1-stage improvement in fibrosis in
F3–F4 patients.36,38 The association between liver stiffness or
10vol. 5 j 100563
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Fig. 5. Mean change (%) from baseline to week 16 of markers of lipid metabolism, glycemic control, and body weight. Relative (A, B, C, D, G, H) or absolute
(E, F) change from baseline. ***p <0.0001, **p <0.01, *p <0.05 vs. placebo (ANCOVA); ††p <0.01 vs. baseline (ANCOVA). ANCOVA, analysis of covariance; HbA1c,
hemoglobin A1c.
other non-invasive tests and resolution of features of NASH
histopathology remains to be validated.

Along with regression of fibrosis in this small patient cohort,
reductions were observed in markers of liver injury and
inflammation (ALT, urate, hs-CRP) as well as liver-specific bio-
markers of fibrogenesis and fibrosis (Pro-C3, ELF). While de-
creases over time were also noted in the placebo group for Pro-
C3, it is not unusual to see clinical improvement in individuals
receiving placebo, possibly due to them adopting a healthier
lifestyle when receiving regular clinical evaluation (Hawthorne
effect). However, the magnitude of changes in Pro-C3 in
efruxifermin-treated patients were significantly larger than for
placebo. Another biomarker of fibrogenesis in both soft tissues
and bone, P1NP, which is elevated in patients suffering from
cirrhosis,39 was also significantly reduced. As with patients with
F1–F3 NASH, the decline in serum markers of fibrogenesis or
fibrosis was rapid, reaching a nadir after as few as 4-8 weeks
treatment.32

In F1–F3 patients, the reduction in serum markers of fibro-
genesis and fibrosis preceded the maximal decrease in liver fat,32

suggesting part of the reduction may be ascribable to a direct
antifibrotic action of efruxifermin, as opposed to indirect effects
mediated by improvements in liver metabolic health. There is
preclinical evidence of direct inhibition of fibrogenesis by FGF21
in vitro26,40,41 and in vivo,42 independent of metabolic improve-
ment. Direct antifibrotic activity is also consistent with the high
JHEP Reports 2023
proportion (50%) of patients with F2/F3 NASH achieving 2-stage
regression of fibrosis,32 as well as reversal of cirrhosis in 33% of
patients with cirrhotic NASH after only 16 weeks efruxifermin
treatment, despite high baseline levels of collagen present in
cirrhosis.43

The magnitude of improvement in markers of liver injury
(ALT, AST, ALP, GGT, urate) associated with efruxifermin treat-
ment was somewhat smaller for Cohort C than for the BALANCED
main study.32 This may be ascribed to a declining population of
hepatocytes as fibrosis progresses to cirrhosis,14 consistent with
the lower baseline levels of these markers in Cohort C compared
to the main study. Nevertheless, the overall pattern of
improvement in liver histopathology, as well as whole-body and
liver metabolic health, is consistent with that observed in pa-
tients with F1–F3 NASH.32

Improved lipid and glucose metabolismwere also observed in
an earlier study in patients with type 2 diabetes treated with
efruxifermin for 4 weeks.29 The consistency of responses across
three distinct patient populations highlights the reproducible
effects of efruxifermin in addressing components of metabolic
syndrome. In patients with or without type 2 diabetes, efrux-
ifermin treatment has consistently improved markers of glucose
metabolism and insulin sensitivity while restoring a healthy li-
poprotein profile without increasing body weight. Should these
broad improvements be confirmed with longer term treatment
in a larger patient population, efruxifermin could be of
11vol. 5 j 100563
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considerable therapeutic utility since type 2 diabetes is
frequently inadequately controlled and highly prevalent among
patients with NASH, increasing from 30-40% in F1/F244–46 to 70-
90% in F3/4 NASH.47

The time courses for changes in serum markers of meta-
bolism and liver health during 16 weeks of treatment with
efruxifermin appeared to reach a maximum after 4-8 weeks,
which was maintained through 16 weeks in both F1-332 and F4
patients with NASH; this durability will be further assessed in
longer-duration, ongoing clinical trials. This pattern contrasts
with the waning magnitude of responses for adiponectin and
triglyceride during treatment for 24-to-48 weeks with the
FGF21 analogue pegbelfermin (Sanyal 2021). A potential expla-
nation could be insufficient agonism by pegbelfermin of the
FGF21 receptors (FGFR1c/2c/3c) throughout the dosing interval.
Biologically active (i.e., intact C-terminal) pegbelfermin has a
reported half-life of approximately one day which appears un-
likely to sustain high levels of receptor agonism with once-
weekly dosing.30 In contrast, efruxifermin has a 3–4-day half-
life and 2–3.5-day Tmax.29 Maintaining high levels of agonism
of FGF21’s receptors between doses of FGF21 analogues appears
necessary to maximize the full range of metabolic improve-
ments. Dosing either efruxifermin or pegozafermin (BIO89-100),
which have similar half-lives, once-every-two-weeks was
associated with diminished metabolic responses relative to
once-weekly dosing.29,48

Based on preclinical reports of effects of FGF21 on bone
health, the impact of efruxifermin on biomarkers of bone
metabolism was evaluated. No changes were observed in CTX-1,
a widely reported biomarker of type-I collagen degradation
linked to bone resorption. However, decreases were observed in
P1NP, a biomarker of type-I collagen synthesis linked to bone
formation. While P1NP and CTX-1 have been proposed to be
standard markers for evaluating bone health,39,49,50 type-I
collagen is a ubiquitously expressed protein not specific to
bone. Active fibrogenesis in soft tissues such as the liver, lungs,
or heart contributes significantly to circulating levels of P1NP
and C-terminal type-1 collagen extension peptide.39 In this
JHEP Reports 2023
study, baseline PINP levels were similar in F4 (56.00 ug/L), and
F1-3 BALANCED32 (55.14 ug/L) patients. Given the reduction of
liver fibrosis by efruxifermin, as indicated by histology and
serum-based markers of soft tissue fibrosis, i.e., ELF score and
Pro-C3, decreases in P1NP may be attributable to reduced syn-
thesis of fibrils (type-I and -III collagen) and extracellular matrix
(type-I and -IV collagen) in the liver.39,51 The reduction of P1NP
levels associated with efruxifermin may therefore not reflect
altered bone turnover, especially in the context of no change in
CTX-1.

Limitations to this study include relatively short (16-week)
duration of treatment and a small sample size. The observations
of acceptable tolerability and safety and encouraging albeit
preliminary signs of efficacy will require confirmation in larger
and longer-duration studies of efruxifermin. While liver biopsies
were obtained from 12 out of 20 efruxifermin- and 5 out of 10
placebo-treated patients, (i.e., all of those who consented to bi-
opsy), the small sample size for evaluating histology precluded
statistical analysis. Despite the relatively short treatment period,
the pattern and extent of improvement in histopathology was
consistent with that seen with F1–F3 patients treated over the
same duration of treatment. Moreover, the pattern of improve-
ments in markers of liver health, of liver fibrosis, and of whole-
body metabolism was also consistent with that observed in
F1–3 patients with NASH.

The breadth of desirable effects in patients with cirrhosis, if
confirmed in larger and longer term studies, potentially sets
efruxifermin apart from other treatments under development for
NASH. Efruxifermin was generally safe and well-tolerated. Im-
provements in non-invasive markers of liver injury and fibrosis
appeared consistent with a trend towards inhibition of fibro-
genesis and reversal of cirrhosis, as indicated by a greater
number of patients whose fibrosis improved by >−1-stage on end-
of-treatment biopsy. The observed results are encouraging, and
further evaluation of efruxifermin as a treatment for compen-
sated cirrhosis due to NASH, in sufficiently powered, longer-
duration studies, is warranted.
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