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Abstract

Background and Aims: Aldafermin, an engineered analog of the human

hormone FGF19, improves liver histology in patients with noncirrhotic NASH;

however, its efficacy and safety in compensated cirrhosis is unknown. No

drug has yet to demonstrate benefit in the compensated NASH population.

Approach and Results: In this multicenter, double-blind, placebo-con-

trolled, phase 2b trial, 160 patients with compensated NASH cirrhosis were

randomized to aldafermin 0.3 mg (n = 7), 1 mg (n = 42), 3 mg (n = 55), or

placebo (n = 56) for 48 weeks. The 0.3 mg group was discontinued to limit

exposure to suboptimal doses. The primary end point was a change in

Enhanced Liver Fibrosis from baseline to week 48. The analyses were

performed in the intention-to-treat population. At week 48, the least-squares

mean difference in the change in Enhanced Liver Fibrosis was −0.5 (95% CI,

−0.7 to −0.2; p = 0.0003) between the 3 mg group and the placebo group.

15%, 21%, and 23% of patients in the placebo, 1 mg, and 3 mg group,

respectively, achieved fibrosis improvement ≥ 1 stage; and 13%, 16%, and

20% achieved fibrosis improvement ≥ 1 stage without NASH worsening.

Improvement in alanine aminotransferase, aspartate aminotransferase,

neoepitope-specific N-terminal pro-peptide of type III collagen, and liver

stiffness favored aldefermin groups over placebo. Diarrhea was the most

frequent adverse event, occurring at 26% and 40% in the 1 mg and 3 mg

groups, respectively, compared to 18% in the placebo group. Overall, 0%,

2%, and 9% of patients in the placebo, 1 mg, and 3 mg group, respectively,

discontinued due to treatment-related adverse events.

Conclusions: Aldafermin 3 mg resulted in a significant reduction in

Enhanced Liver Fibrosis in patients with compensated NASH cirrhosis.

INTRODUCTION

NASH is a serious and slowly progressive liver disease
with an immense public health and economic burden.[1]

Patients can progress through varying stages of fibrosis
before developing cirrhosis, and subsequently, its
complications of hepatic decompensation, liver cancer,
liver transplantation, and death.[2] It is estimated that
more than 200 million people in the world are living with
NASH, and NASH is now the second most common
indication for adults on the liver transplant waitlist and is
the leading indication for liver transplantation for those
over the age of 65 and in women in the United
States.[3,4] The estimated number of deaths associated
with NASH cirrhosis worldwide in 2019 is 134,000.[5]

The journey for compounds in development for the
treatment of NASH across the disease spectrum has
been fraught with failures, particularly in the context of
cirrhosis.[6–10] Despite the tremendous disease burden,
herculean effort, and investment to study promising
therapeutics, there is still no approved pharmacotherapy

for the disease. Even compounds that met the primary
end point in noncirrhotic NASH trials still failed in the
context of NASH cirrhosis,[11] which may reflect the
appropriateness of required regulatory end points as well
as the challenges of reversing disease at advanced
stages. The current regulatory guideline on drug devel-
opment in NASH with compensated cirrhosis recom-
mends the end point of outcome events for full
approval.[12] Cirrhosis is itself a spectrum of disease
where less advanced diseases may be more likely to
respond to a therapeutic intervention but have a low
event rate in contrast to more advanced diseases where
higher event rates need to be balanced with a lower
likelihood of disease reversibility. Thus, the optimal end
points for NASH cirrhosis trials are yet to be defined and
evaluated, as outcome trials may take multiple years, if
not decades, and thousands of patients to complete.
Although data from the STELLAR and simtuzumab trials
showed that fibrosis regression can predict outcome,[13]

histologic fibrosis assessment using current categorical
scoring systems cannot capture the full breadth of anti-
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fibrotic response. Further, adopting a biopsy surrogate to
assess treatment response is ill-advised as it is not used
in routine clinical practice, particularly in cirrhosis, where
liver biopsy may carry additional risks. Liver biopsy in the
context of NASH is fraught with interobserver variability,
particularly when samples are suboptimal in length and
gauge.[14] Although machine-learning technologies can
improve sensitivity to detect fibrosis change and preci-
sion of biopsy read, assessment of treatment response
using noninvasive tests is preferable from a cost and risk
perspective. Noninvasive tests are recommended in
society guidelines for the assessment and risk stratifica-
tion of patients with NASH.[15,16]

Aldafermin is an engineered analog of the human gut
hormone FGF19.[17–19] Aldafermin exhibits biased
FGFR4-KLB receptor signaling through modification
within the amino terminus to eliminate tumorigenicity
while retaining potent activity to suppress CYP7A1,
which encodes the first and rate-limiting enzyme of bile
acid synthesis. Additionally, aldafermin acts on the
FGFR1c-KLB receptor to potentiate insulin sensitivity
and fat metabolism. Since bile acid levels are elevated
in NASH cirrhosis,[19] and accumulation of bile acids is
thought to be hepatotoxic, leading to progressive injury
and dysfunction, aldafermin may improve outcomes
in these patients through modulation of bile acid
metabolism.[20]

Previous phase 2 trials in noncirrhotic NASH
showed that patients who received aldafermin had
significant, rapid, and dose-dependent reductions in
liver fat and improved liver histology at 12 or 24
weeks.[21–23] We conducted the ALPINE-4 trial (Eval-
uation of efficacy, safety, and tolerability of NGM282
[Aldafermin] in a phase 2b, randomized, double-blind,
placebo-controlled, multicenter study in subjects with
compensated cirrhosis due to NASH) to determine the
efficacy and safety of aldafermin at doses of 0.3 mg,
1 mg, and 3 mg versus placebo in patients with NASH
and compensated cirrhosis.

METHODS

Study design and participants

In this placebo-controlled, phase 2b trial, we random-
ized patients at 48 clinical centers in 8 countries
(Australia, Belgium, China [Hong Kong], France,
Germany, Poland, United Kingdom, and the United
States) (appendix p3, http://links.lww.com/HEP/I13).
The trial consisted of a 48-week treatment period and
a 6-week follow-up period. Eligible patients were
18–75 years of age with compensated NASH cirrho-
sis. Key inclusion criteria were liver biopsy consistent
with cirrhosis according to the NASH clinical research
network (CRN) classification (NASH CRN fibrosis
stage 4), as assessed by the central reader, definitive

NASH cirrhosis,[24] total bilirubin of 1.3 mg/dL or less,
glycated hemoglobin no higher than 9.5%, alanine
aminotransferase (ALT)/aspartate aminotransferase
(AST) no more than 5 times the upper limit of normal,
and creatinine clearance of at least 60 mL/min. Statin-
naïve (not on statin) and statin-experienced (on statin)
patients were allowed to enroll, and those on statins
were switched to over-encapsulated rosuvastatin in
the trial. A small number of patients (capped at 10% of
planned enrollment) with a clinical diagnosis of NASH
cirrhosis were allowed to enroll despite a fibrosis
stage of F3 by the central reader. Clinical diagnosis of
NASH cirrhosis must meet at least one of the
following: platelet count ≤ 140,000/mm3 and liver
stiffness measure (LSM) by FibroScan ≥ 13.6 kPa,
fibrosis-4 index ≥ 3.25, or Agile-4 score ≥ 0.57. Key
exclusion criteria were causes of chronic liver disease
other than NASH, excessive alcohol consumption (≥
14 U per week for women; ≥ 21 U per week for men),
Child-Pugh class B/C, or history of hepatic
decompensation. A full list of eligibility criteria is
provided in the Supplemental Appendix (appendix
p5-6), http://links.lww.com/HEP/I13. The study proto-
col was approved by the institutional review board and
ethics committee at each trial site, and the trial was
conducted in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice
guidelines. All the patients provided written informed
consent.

Randomization and masking

Eligible patients were randomly assigned to receive a
once-daily subcutaneous injection of either aldafermin
(at a dose of 0.3 mg, 1 mg, or 3 mg) or placebo for a
48-week treatment period, followed by a 6-week
safety follow-up period. Randomization was per-
formed with the use of an Interactive Web-Response
System and stratified according to type 2 diabetes
(T2D) status (yes/no). Under a protocol amendment
during the global COVID-19 pandemic, randomization
into the 0.3 mg aldafermin treatment group was
discontinued to limit patients’ exposure to a sub-
optimal dose based on a pooled analysis of prior trials
of aldafermin[20]; this decision was approved by the
Data and Safety Monitoring Board, regulatory author-
ities, institutional review boards, and ethics commit-
tees. Subsequently, patients were randomized in a
4:3:4 ratio to receive placebo, 1 mg, or 3 mg
aldafermin, respectively. Aldafermin or placebo (of
identical appearance) was administered by once-daily
subcutaneous injection. Patients, investigators, site
staff, sponsors, pathologists, radiologists, medical
monitors, laboratories, and clinical research organi-
zations remained masked to treatment assignment
throughout the study.
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Procedures

Screening liver biopsy was used as the baseline for
histologic variables, and an additional biopsy was
performed at week 48. Each biopsy was assessed
centrally by an expert liver pathologist (Zachary D.
Goodman) to determine the activity score for NAFLD
activity score and the fibrosis stage (NASH CRN
criteria) (appendix p3, http://links.lww.com/HEP/I13).
The pathologist was unaware of the treatment assign-
ments or patient characteristics. Safety and efficacy
were assessed at weeks 2, 6, 12, 18, 24, 30, 36, 42, 48
(end-of-treatment), and 54 (6 weeks off-treatment).

Enhanced Liver Fibrosis (ELF) was measured in
serum samples using the Siemens ADVIA Centaur XP
system at Medpace central laboratory. The ELF score is
derived from an algorithm that combines 3 direct
markers of liver fibrosis: hyaluronic acid, type III
procollagen peptide (PIIINP), and tissue inhibitor of
matrix metalloproteinase 1. Serum levels of 7alphahy-
droxy-4-cholesten-3-one (C4) and bile acids were
measured at the Mayo Clinic (Rochester, MN, USA).
Concentrations of neoepitope-specific N-terminal pro-
peptide of type III collagen (Pro-C3) were measured at
Nordic Bioscience (Herlev, Denmark) on the Roche
Elecsys platform and converted using the formula 0.17*
(Roche Elecsys Pro-C3)1.27. Liver stiffness was
assessed at local sites using transient elastography
on a FibroScan device (Echosens, Paris, France).
Esophagogastroduodenoscopy was performed locally
within 1 year of screening or during screening to rule out
varices; the expanded Baveno VI criteria[25] was
allowed as a replacement for the esophagogastroduo-
denoscopy during the global COVID-19 pandemic.
Patients underwent liver imaging at screening for HCC
detection and liver ultrasound for surveillance at weeks
24 and 48. Adverse events (AE) were recorded from the
time of screening until week 54 and were graded
according to the National Cancer Institute Common
Terminology Criteria for AE, version 5.0.

LDL cholesterol (LDL-C) concentrations were managed
with over-encapsulated rosuvastatin or placebo by an
independent medical monitor (masked to treatment assign-
ment) according to protocol-specified algorithms (appendix
p3, http://links.lww.com/HEP/I13, p15, http://links.lww.com/
HEP/I13). Patients, investigators, site staff, and the sponsor
were masked to rosuvastatin treatment and LDL-C values.
Briefly, rosuvastatin was added starting from week 2 based
on the 10-year ASCVD risk score and statin status of each
patient. Incremental dose titration to a maximum of 40 mg
rosuvastatin daily was implemented to reach the LDL-C
goal of ≤ 70 mg/dL or ≥ 50% reduction.

An independent Data and Safety Monitoring Board
comprised of experienced hepatologists, independent
statisticians, and other relevant specialists reviewed
unblinded safety data during the trial and recommended
continuation of the study according to the protocol.

Three independent adjudication committees comprised
of experienced clinicians adjudicated liver events,
cardiovascular events, and HCC during the trial (event
definitions are in appendix p3-4, http://links.lww.com/
HEP/I13).

Outcomes

The primary end point was the change in the ELF score
from baseline to week 48 with aldafermin versus
placebo. The ELF score is the first and only FDA-
approved noninvasive outcome measure for disease
prognosis in patients with NASH. Secondary histologic
end points included an improvement of at least 1 stage
in liver fibrosis (NASH CRN classification). Histological
fibrosis response was initially the primary end point, but
later made a secondary end point when the protocol
was amended to have a change in the noninvasive
measure ELF as the primary end point. In August 2021,
the FDA approved the ELF as a prognostic test for the
assessment of liver-related disease progression in
patients with NASH and advanced fibrosis (F3 or F4).
A protocol amendment dated November 11, 2021,
documented the change of the primary end point to
ELF while the study was blinded and was approved by
institutional review boards, ethics committees, and
regulatory authorities. This change occurred more than
1 year before the last patient completed the study (the
last patient’s last visit was on February 23, 2023), and
the database was locked on March 28, 2023. Other
secondary end points included changes from baseline
to week 48 in serum C4 and bile acid levels, fibro-
genesis marker Pro-C3, ALT, AST, and LSM as
assessed by FibroScan. Exploratory end points in-
cluded outcome events adjudicated by 3 independent,
external committees (cardiovascular events, liver
events, and HCC). End points were assessed at
baseline and at select trial visits. A complete list of the
trial end points is provided in the Supplemental
Appendix (appendix p7), http://links.lww.com/HEP/I13.

Statistical analysis

The sample size for this trial was estimated based on a
comparison of aldafermin and placebo with respect to
the primary efficacy end point, the change from baseline
at week 48 in the ELF score. On the basis of data from
previous aldafermin NASH trials, and assumptions of a
change in ELF of 0.1 for patients treated with placebo, a
change in ELF of −0.4 at week 48 for patients treated
with aldafermin 3 mg and a 15% subject drop-out rate, a
sample size of 150 patients would provide at least 92%
power to detect a treatment difference at the 5%
significance level (2-sided). The actual enrollment was
160 patients to allow for all patients screened and
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eligible to enter the trial. The study was not powered for
histological fibrosis end point.

Efficacy analyses were done in the intention-to-treat
population, which included all patients who underwent
random assignment. The primary end point of the change
from baseline at week 48 in ELF score was analyzed with
the use of a mixed model for repeated measures that
included the baseline ELF value, baseline T2D status
(yes/no), and randomization ratio as covariates, with
treatment, visit, treatment-by-visit interaction as fixed
effects to compare aldafermin and placebo. The primary
end point was tested for statistical significance with 2-
sided alpha level of 5%. A hierarchical testing procedure
was used to control the family-wise type I error rate in the
following order: if the between-group difference for
aldafermin 3 mg and placebo was significant at the 2-
sided 5% level, then 1 mg was to be tested. Missing data
in ELF were imputed using a multiple imputation method
under the assumption of missing-at-random. Sensitivity
analysis under the assumption of missing-not-at-random
was also performed. Since randomization into the
aldafermin 0.3 mg group was discontinued early, there
was no statistical comparison being done between the
aldafermin 0.3 mg group and the placebo group, and
aldafermin 0.3 mg data were included in safety analysis
only. The secondary histologic outcomes of fibrosis
improvement of ≥ 1 stage (NASH CRN criteria), as well
as fibrosis improvement without NASH worsening, were
analyzed using the Cochran-Mantel-Haenszel test strat-
ified by baseline T2D status (Yes/No) and randomization
ratio. Missing fibrosis data were imputed using a multiple
imputation method under the assumption of missing-at-
random. Sensitivity analyses were performed with
missing-not-at-random assumption and in patients who

had both baseline and end-of-treatment liver biopsies.
Continuous secondary end points were analyzed using
the mixed model for repeated measures model with
baseline outcome value, baseline T2D status (yes/no),
and randomization ratio as covariates, and treatment,
visit, treatment-by-visit interaction as fixed effects. All
statistical tests for the secondary analyses were per-
formed at 2-sided alpha level of 10%. The safety
analyses included all patients who received at least 1
dose of aldafermin or placebo.

Data were collected by investigators and managed,
validated, and analyzed by Medpace (Cincinnati, OH,
USA). The data were analyzed by means of SAS
software, version 9.4. No interim analysis was per-
formed. This trial is registered with ClinicalTrials.gov,
NCT04210245, and is complete.

RESULTS

Study population

Between February 4, 2020 and January 21, 2022, 580
patients were screened, of whom 160 were randomly
assigned to receive once-daily aldafermin at a dose of
0.3 mg (n = 7), 1 mg (n = 42), 3 mg (n = 55) or
placebo (n = 56) for 48 weeks. In total, 137 (86%)
patients completed the study. The intention-to-treat
population included all 160 randomized patients
(Figure 1). The safety analysis population included
160 patients.

The demographic and clinical characteristics were
similar across the groups (Table 1). The mean age was
59.6 years (SD 8.2), the mean bodyweight 96.0 kg (SD

F IGURE 1 Trial profile. Abbreviations: AE, adverse event; ITT, intention-to-treat.
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TABLE 1 Demographics and patient characteristics at baseline in the ITT population

Placebo (n = 56)
Aldafermin 0.3 mg

(n = 7)
Aldafermin 1 mg

(n = 42)
Aldafermin 3 mg

(n = 55)

Age, y 58.3 (8.1) 59.7 (6.8) 61.3 (7.6) 59.6 (8.7)

Sex

Female 39 (69.6) 5 (71.4) 23 (54.8) 36 (65.5)

Male 17 (30.4) 2 (28.6) 19 (45.2) 19 (34.5)

Race

American Indian 0 (0.0) 0 (0.0) 1 (2.4) 1 (1.8)

Asian 5 (8.9) 0 (0.0) 1 (2.4) 4 (7.3)

Black 1 (1.8) 0 (0.0) 0 (0.0) 2 (3.6)

White 46 (82.1) 7 (100.0) 38 (90.5) 47 (85.5)

Other 4 (7.1) 0 (0.0) 2 (4.8) 1 (1.8)

Ethnicity

Hispanic/Latino 18 (32.1) 2 (28.6) 8 (19.0) 12 (21.8)

Non-Hispanic/Latino 38 (67.9) 4 (57.1) 33 (78.6) 43 (78.2)

Type 2 diabetes

Yes 42 (75.0) 5 (71.4) 32 (76.2) 42 (76.4)

No 14 (25.0) 2 (28.6) 10 (23.8) 13 (23.6)

Statin status

Not on statin 29 (51.8) 4 (57.1) 21 (50.0) 17 (30.9)

On statin 27 (48.2) 3 (42.9) 21 (50.0) 38 (69.1)

ELF

ELF score 10.6 (1.0) 10.8 (0.4) 10.6 (0.8) 10.6 (1.1)

Hyaluronic acid
(ng/mL)

177.5 (157.2) 149.8 (57.8) 155.6 (104.5) 188.5 (213.0)

PIIINP (ng/mL) 14.0 (6.0) 15.3 (3.1) 14.1 (5.9) 15.9 (8.4)

TIMP-1 (ng/mL) 318.4 (98.7) 330.9 (75.6) 337.9 (114.8) 326.2 (96.3)

Histology

Fibrosis stage

F3 2 (3.6) 0 (0.0) 3 (7.1) 3 (5.5)

F4 53 (94.6) 7 (100.0) 39 (92.9) 52 (94.5)

NAS 5.3 (1.4) 6.0 (0.8) 5.1 (1.5) 5.5 (1.2)

Markers of target engagement

C4, ng/mL 45.4 (33.5) 43.1 (19.5) 38.7 (25.7) 43.7 (37.9)

TBA, µmol/L 10.3 (10.0) 13.8 (6.9) 9.2 (8.2) 12.7 (14.1)

Liver enzymes

ALT, U/L 45.6 (31.2) 50.0 (37.8) 46.4 (23.2) 51.2 (29.6)

AST, U/L 36.9 (21.1) 40.3 (20.9) 39.5 (19.4) 45.0 (25.7)

ALP, U/L 80.9 (25.1) 74.0 (14.7) 74.6 (27.6) 83.9 (32.3)

Total bilirubin, µmol/L 12.8 (4.9) 11.7 (3.9) 12.1 (3.8) 12.2 (5.2)

Fibrogenesis marker

Pro-C3, ng/mL 47.1 (28.3) 53.2 (18.1) 48.7 (27.5) 59.2 (54.9)

Imaging by FibroScan

LSM, kPa 22.9 (12.1) 25.8 (14.6) 23.3 (10.8) 22.7 (13.8)

Lipids

Total cholesterol, mmol/L 4.3 (1.0) 4.5 (1.3) 4.1 (1.0) 4.2 (1.1)

HDL-C, mmol/L 1.2 (0.4) 1.1 (0.3) 1.2 (0.3) 1.2 (0.3)

LDL-C, mmol/L 2.4 (0.9) 2.4 (1.2) 2.2 (0.9) 2.3 (0.9)

Triglycerides, mmol/L 1.7 (0.9) 2.0 (1.0) 1.7 (0.7) 1.6 (0.5)

Metabolic parameters

Weight, kg 93.4 (19.9) 88.2 (9.7) 101.5 (22.2) 95.3 (22.4)
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21.3), and the mean body mass index was 34.8 (SD
6.6). Overall, 103 (64%) of the patients were female, 40
(25%) were of Hispanic or Latino ethnicity, and 121
(76%) had T2D. The baseline ELF score was 10.6 (SD
1.0), consistent with compensated cirrhosis in NASH. A
total of 8 (5%) patients with a clinical diagnosis of NASH
cirrhosis despite stage 3 fibrosis by central read were
allowed to enroll.

Primary end point

In the intention-to-treat population at week 48, the
least-squares (LS) mean change from baseline in
ELF was an increase of 0.2 (SE 0.1) in the aldafermin
1 mg group and a decrease of 0.1 (SE 0.1) in the
aldafermin 3 mg group, as compared with an increase
of 0.3 (SE 0.1) in the placebo group. The least-
squares mean difference between the 3 mg group
and the placebo group was a decrease of 0.5 (95%
CI, −0.7 to −0.2; p= 0.0003), and the difference in this
change between the 1 mg group and the placebo
group was a decrease of 0.1 (95% CI, −0.4 to 0.1; p
= 0.31) (Table 2 and Figure 2A). Similar results were
obtained with sensitivity analysis (appendix p8, http://
links.lww.com/HEP/I13) and subgroup analysis by
baseline ELF value and diabetes status (appendix
p12-13, http://links.lww.com/HEP/I13). Since random-
ization into the aldafermin 0.3 mg group was
discontinued during the global COVID-19 pandemic
to limit patients’ exposure to lower, suboptimal
dose,[20] there was no statistical comparison being
done between the aldafermin 0.3 mg group and the
placebo group, and aldafermin 0.3 mg data were
included in safety analysis only. Dose-dependent
decreases were also seen in individual components
of ELF: hyaluronic acid, PIIINP, and tissue inhibitor of
matrix metalloproteinase 1 (Figure 2B-D), and at an
earlier time point at week 24 (appendix p14, http://
links.lww.com/HEP/I13).

Secondary end points

Overall 132 (83%) patients had biopsies at both baseline
and end-of-treatment (week 48). At week 48, the
percentage of patients who achieved fibrosis improvement
of at least 1 stage was numerically higher in the aldafermin
groups than in the placebo group [15%, 21%, and 23% in
the placebo, 1 mg and 3 mg groups, respectively; with an
OR of 1.7 (95% Cl, 0.5 to 5.8) for aldafermin 1 mg and 1.7
(95% CI, 0.6 to 4.8) for aldafermin 3 mg] (Table 2 and
Figure 3A). Thirteen percent, 16%, and 20% in the
placebo, 1 mg, and 3 mg groups, respectively, achieved
fibrosis improvement without NASH worsening (Table 2
and Figure 3B). Sensitivity analyses produced similar
results (appendix p9, http://links.lww.com/HEP/I13).

Treatment with aldafermin led to a marked, dose-
depended decrease in serum levels of C4, an intermediate
in the bile acid synthetic pathway, and a marker of target
engagement (Table 2 and Figure 3C). The LS mean
differences in percent change in C4 levels at week 48
between the aldafermin groups and the placebo group
were −65.1% (SE 11.6; p < 0.0001) at the 1 mg dose and
−71.8% (SE 11.0; p < 0.0001) at the 3 mg dose. Similar
results were observed in serum total bile acids, with
−67.3% (SE 19.5; p = 0.0008) at the 1 mg dose and
−82.3% (SE 18.1; p < 0.0001) at the 3 mg dose (Table 2
and Figure 3D).

Dose-dependent reductions in levels of ALT and AST
were observed with aldafermin (Table 2 and Figure 3E-F).
Reductions in both ALT and AST were greater with
aldafermin than with placebo (LS mean difference,
−13.5 U/L and −17.0 U/L in ALT in the 1 mg and 3 mg
groups, respectively; −7.3 U/L and −11.6 U/L in AST; p
<0.001 for all comparisons). Levels of alkaline
phosphatase and total bilirubin remained unchanged
(appendix p10, http://links.lww.com/HEP/I13).

Treatment with aldafermin resulted in dose-dependent
reductions in the fibrogenesis marker Pro-C3 (Table 2 and
Figure 3G). At week 48, the LS mean change from
baseline in Pro-C3 was a decrease of 9.3 ng/mL in the

TABLE 1 . (continued)

Placebo (n = 56)
Aldafermin 0.3 mg

(n = 7)
Aldafermin 1 mg

(n = 42)
Aldafermin 3 mg

(n = 55)

BMI, kg/m2 34.8 (7.1) 32.8 (3.2) 36.0 (6.3) 34.3 (6.7)

Glucose, mmol/L 7.2 (1.9) 8.8 (2.6) 7.2 (2.2) 7.8 (2.8)

Insulin, µIU/mL 35.0 (29.6) 31.0 (11.7) 33.4 (19.9) 50.3 (66.2)

HOMA-IR 11.5 (10.9) 12.7 (8.2) 11.8 (10.0) 20.0 (32.1)

HbA1c, % 6.7 (1.2) 7.8 (2.1) 6.6 (1.1) 6.9 (1.3)

Notes: Values are mean (SD) or n (%).
Percentages may not total 100 because of rounding. To convert the values for cholesterol to milligram per deciliter, multiply by 38.67; to convert the values for
triglycerides to milligram per deciliter, multiply by 88.57.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; C4, 7alpha-hydroxy-4-cholesten-
3-one; ELF, Enhanced Liver Fibrosis; HbA1c, glycated hemoglobin; HDL-C, HDL cholesterol; HOMA-IR, homeostasis model assessment–estimated insulin resist-
ance; ITT, intention-to-treat; LDL-C, LDL cholesterol; LSM, liver stiffness measure; NAS, NAFLD activity score; PIIINP, N-terminal pro-peptide of type III collagen; Pro-
C3, neoepitope-specific N-terminal pro-peptide of type III collagen; TBA, total bile acids.
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TABLE 2 Change from baseline in the primary and secondary outcome measures at week 48 in the ITT population

Placebo
(n = 56)

Aldafermin 1 mg
(n = 42)

Aldafermin 3 mg
(n = 55)

Primary end point

ELF score 0.3 (0.1) 0.2 (0.1) −0.1 (0.1)

Difference vs. placebo — −0.1 (0.1) −0.5 (0.1)

p value vs. placebo — 0.31 0.0003

Individual components of ELF

Hyaluronic acid, ng/mL 44.1 (23.8) 46.5 (27.1) 29.0 (24.9)

Difference vs. placebo — 2.4 (32.7) −15.1 (31.0)

p value vs. placebo — 0.94 0.63

PIIINP, ng/mL 3.2 (1.1) 0.7 (1.3) −2.7 (1.2)

Difference vs. placebo — −2.5 (1.7) −5.9 (1.6)

p value vs. placebo — 0.14 0.0003

TIMP-1, ng/mL 17.8 (13.2) 6.8 (15.3) −14.9 (13.8)

Difference vs. placebo — −11.0 (18.7) −32.7 (17.8)

p value vs. placebo — 0.56 0.068

Secondary end points

Liver histology

Fibrosis improvement of ≥ 1 stage (NASH CRN criteria) 15% 21% 23%

Difference vs. placebo (95% CI) — 7% (−10 to 24) 8% (−8 to 23)

p value vs. placebo — 0.39 0.36

Fibrosis improvement of ≥ 1 stage without NASH worsening 13% 16% 20%

Difference vs. placebo (95% CI) — 4% (−11 to 20) 7% (−8 to 22)

p value vs. placebo — 0.54 0.37

Markers of target engagement

C4, ng/mL −10.2 (2.8) −33.8 (3.3) −37.7 (3.0)

Difference vs. placebo −23.6 (4.1) −27.5 (3.9)

p value vs. placebo < 0.0001 < 0.0001

C4, %, relative −1.8% (7.7) −66.8% (9.4) −73.5% (8.5)

Difference vs. placebo −65.1% (11.6) −71.8% (11.0)

p value vs. placebo < 0.0001 < 0.0001

TBA, µmol/L 0.9 (1.8) −4.7 (2.1) −5.4 (1.9)

Difference vs. placebo −5.6 (2.4) −6.3 (2.2)

p value vs. placebo 0.022 0.0053

TBA, %, relative 31.7% (14.7) −35.5% (17.4) −50.5% (15.4)

Difference vs. placebo −67.3% (19.5) −82.3% (18.1)

p value vs. placebo 0.0008 < 0.0001

Liver enzymes

ALT, U/L −5.7 (2.3) −19.2 (2.6) −22.7 (2.4)

Difference vs. placebo −13.5 (3.3) −17.0 (3.1)

p value vs. placebo 0.0001 < 0.0001

ALT, %, relative −6.3% (4.0) −35.9% (4.7) −41.5% (4.3)

Difference vs. placebo −29.6% (5.8) −35.2% (5.6)

p value vs. placebo < 0.0001 < 0.0001

AST, U/L −2.4 (2.1) −9.7 (2.5) −13.9 (2.3)

Difference vs. placebo −7.3 (3.0) −11.6 (2.9)

p value vs. placebo 0.018 0.0001

AST, %, relative −0.4% (4.5) −19.2% (5.2) −28.3% (4.7)

Difference vs. placebo −18.8% (6.4) −27.9% (6.1)

p value vs. placebo 0.0043 < 0.0001
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aldafermin 1 mg group, a decrease of 13.1 ng/mL in the
aldafermin 3 mg group, as compared with an increase of
12.7 ng/mL in the placebo group (p = 0.017 and p =
0.0034 vs. placebo in the 1 mg and 3 mg groups,
respectively).

Liver stiffness, measured by transient elastography,
revealed a reduction with aldafermin treatment. The LS
mean difference between the aldafermin 1 mg group and
the placebo group in the percent change from baseline to
week 48 in LSM was −30.1% (p = 0.036), and the
difference between the aldafermin 3 mg group and the
placebo group was −21.3% (p = 0.12) (Figure 3H). At
week 48, 10%, 23%, and 22% of patients in the placebo,
1 mg and 3 mg groups, respectively, achieved a decrease
from baseline of >10 kPa in LSM; 29%, 37%, and 32%
achieved a decrease from baseline of >5 kPa in LSM.

Lipids

Aldafermin was associated with increases from base-
line to week 2 in LDL-C and total cholesterol levels
that were greater than those in the placebo group,
consistent with the on-target inhibition of CYP7A1, the
rate-limiting step in the conversion of cholesterol to
bile acids. Over-encapsulated rosuvastatin/placebo
was dispensed by an independent medical monitor
according to the protocol-specified lipid management
algorithm. At week 48, LDL-C levels were well
managed and below baseline in all groups (appendix
p10, http://links.lww.com/HEP/I13). Forty-nine (88%)

of 56 patients in the placebo group, 36 (86%) of 42
patients in the 1 mg group, and 43 (78%) of 55
patients in the 3 mg group were receiving rosuvastatin
at week 48. Numeric decreases in triglycerides were
observed in the aldafermin groups. No decreases in
HDL cholesterol levels were seen with aldafermin.

Cardiovascular and liver-related events

Three independent, external adjudication committees
adjudicated cardiovascular events, liver events, and
HCC in this 48-week study (appendix p3-4, http://
links.lww.com/HEP/I13). Two (1%) patients had car-
diovascular events confirmed by the cardiovascular
event-adjudication committee: 1 patient had a sudden
cardiac death after receiving aldafermin 1 mg for 1
week (unrelated to the drug); 1 patient in the 1 mg
group had a 4-vessel coronary artery bypass grafting
procedure due to pre-existing disease (unrelated to
drug). No patient had ascites, jaundice, variceal
bleeding, varices requiring treatment, HE of grade 2
or above according to the West Haven criteria, or liver
transplantation during the study period. No HCC was
observed in the study.

Safety

Overall, 5 (71%) of 7 patients who received aldafermin
0.3 mg, 41 (98%) of 42 who received aldafermin 1 mg,

TABLE 2 . (continued)

Placebo
(n = 56)

Aldafermin 1 mg
(n = 42)

Aldafermin 3 mg
(n = 55)

Fibrogenesis marker

Pro-C3, ng/mL 12.7 (6.2) −9.3 (7.2) −13.1 (6.6)

Difference vs. placebo −22.1 (9.1) −25.9 (8.7)

p value vs. placebo 0.017 0.0034

Pro-C3, %, relative 47.6% (19.2) −6.3% (22.3) −12.1% (20.3)

Difference vs. placebo −54.0% (29.2) −59.7% (27.6)

p value vs. placebo 0.067 0.032

Liver stiffness by FibroScan

LSM, kPa 0.9 (1.7) −3.2 (1.9) −1.3 (1.8)

Difference vs. placebo — −4.1 (2.3) −2.3 (2.2)

p value vs. placebo — 0.078 0.32

LSM, %, relative 15.0% (10.1) −15.1% (11.7) −6.3% (11.0)

Difference vs. placebo — −30.1% (14.2) −21.3% (13.7)

p value vs. placebo — 0.036 0.12

Values are LS mean (SE) or proportions of patients (%).
Fibrosis improvement was defined as ≥ 1 stage decrease in NASH CRN fibrosis score; no worsening of NASH was defined as no increase in NAS for ballooning, no
increase in inflammation, and no increase in steatosis.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; C4, 7alpha-hydroxy-4-cholesten-3-one; ELF, Enhanced Liver Fibrosis; ITT, inten-
tion-to-treat; LS, least-squares; LSM, liver stiffness measure; NAS, NAFLD activity score; NASH CRN, NASH clinical research network; PIIINP, N-terminal pro-peptide
of type III collagen; Pro-C3, neoepitope-specific N-terminal pro-peptide of type III collagen; TBA, total bile acids.
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52 (95%) of 55 who received 3 mg, and 49 (88%) of 56
patients who received placebo reported AEs, most of
which were mild or moderate in severity (Table 3).
Treatment-related AEs led to discontinuation in none
(0%), 1 (2%), and 5 (9%) patients in the aldafermin
0.3 mg, 1 mg, and 3 mg groups, respectively, and none
(0%) in the placebo group.

Serious AE occurred in none (0%) of patients in the
aldafermin 0.3 mg group, 11 (26%) patients in the
aldafermin 1 mg group, 5 (9%) patients in the aldafermin
3 mg group, and 3 (5%) patients in the placebo group.
Detailed information on the serious AEs is provided in
the appendix (p11), http://links.lww.com/HEP/I13. None
of the serious AE were deemed to be related to the
study drug by the investigators.

Aside from COVID-19 (the trial was conducted during
the global Covid-19 pandemic), the most frequent AEs
were gastrointestinal events. Diarrhea occurred in 10

(18%) of 56 patients in the placebo group, 1 (14%) of 7
patients in the 0.3 mg aldafermin group, 11 (26%) of 42
patients in the 1 mg group, and 22 (40%) of 55 patients
in the 3 mg group. The proportion of patients experienc-
ing headache, fatigue, abdominal pain, injection site
bruising, and constipation was similar across all groups
(Table 3). No increases in bodyweight, glucose, insulin,
or glycated hemoglobin were seen in the aldafermin
groups (appendix p10, http://links.lww.com/HEP/I13).
There were no clinically relevant changes in hemato-
logical measures, vital signs, physical examinations, or
electrocardiograms.

DISCUSSION

In this phase 2b trial in patients with NASH and
compensated cirrhosis, treatment with aldafermin at a

F IGURE 2 Primary end point. (A) Change from baseline in ELF score at week 48. (B–D) Change from baseline to week 48 in the individual
components of ELF: HA (B), PIIINP (C), and TIMP-1 (D). Shown are LS mean differences between the aldafermin group (1 or 3 mg) and the
placebo group. Enrollment in the aldafermin 0.3 mg group was discontinued during the trial. Abbreviations: ELF, Enhanced Liver Fibrosis; HA,
hyaluronic acid; LS, least-squares; PIIINP, N-terminal pro-peptide of type III collagen.
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F IGURE 3 Secondary end points. (A) Proportion of patients achieving fibrosis improvement of ≥ 1 stage at week 48. (B) Proportion of
patients achieving fibrosis improvement of ≥ 1 stage with no worsening of NASH at week 48. (C) Change in serum C4 from baseline to week 48.
(D) Change in serum TBA from baseline to week 48. (E) Change from baseline in ALT over time. (F) Change from baseline in AST over time. (G)
Change in Pro-C3 from baseline to week 48. (H) Change in LSM from baseline to week 48. Shown are LS mean (SE). Fibrosis improvement of ≥
1 stage was defined by NASH CRN criteria. No worsening of NASH was defined as no increase in NAS score for steatosis, no increase in
ballooning, and no increase in inflammation. *p< 0.05, **p<0.01, ***p<0.001 vs. placebo. Abbreviations: ALT, alanine aminotransferase; AST,
aspartate aminotransferase; C4, 7alpha-hydroxy-4-cholesten-3-one; LS, least-squares; LSM, liver stiffness measure; NAS, NAFLD activity score;
NASH CRN, NASH clinical research network; PBO, placebo; Pro-C3, neoepitope-specific N-terminal pro-peptide of type III collagen; TBA, total
bile acids.
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dose of 3 mg resulted in greater reductions in ELF score
than placebo over 48 weeks, meeting the primary
outcome. Furthermore, markers of liver injury (ALT and
AST) and fibrogenesis (Pro-C3) were reduced in a
dose-dependent manner to a greater extent with
aldafermin than with placebo. All secondary outcomes,
including the percentage of patients who had an
improvement in fibrosis of at least 1 stage, liver
stiffness, and pharmacodynamic markers C4 and serum
bile acids, generally favored aldafermin. Importantly,
aldafermin was generally well tolerated in patients with
compensated NASH cirrhosis.

ELF is the first and only FDA-approved noninvasive
test reflecting NASH prognosis. ELF measures 3 direct
markers of liver fibrosis: hyaluronic acid (a glycosami-
noglycan that is produced by hepatic stellate cells),
PIIINP (a marker of early fibrogenesis and inflamma-
tion), and tissue inhibitor of matrix metalloproteinase 1

(the circulating inhibitor of MMP enzymes that can
enhance fibrogenesis). Multiple studies have shown
that ELF is predictive of hepatic decompensation, liver
transplant, liver cancer, and death in chronic liver
diseases,[26–28] and is superior to fibrosis-4 index,
MELD score and Child-Pugh score for predicting the
risk of liver-related events.[26] The incidence of hepatic
events increased significantly with increased ELF, and
lower ELF scores were associated with a reduced risk
of liver-related outcomes. In a recent analysis involving
1135 patients with compensated NASH cirrhosis,
reduction in ELF relative to baseline, but not fibrosis-4
index or NAFLD fibrosis score, are associated with
cirrhosis regression.[13] A reduction in ELF of 0.5 is
considered to be clinically meaningful and correlated
with 1 stage improvement in fibrosis.[13,27] In the current
ALPINE-4 trial, aldafermin 3 mg achieved a treatment
difference of −0.5 as compared to placebo in patients

TABLE 3 Summary of adverse events

Placebo
(n = 56)

Aldafermin 0.3 mg
(n = 7)

Aldafermin 1 mg
(n = 42)

Aldafermin 3 mg
(n = 55)

Treatment-emergent AEs

Overall 49 (88) 5 (71) 41 (98) 52 (95)

Grade 1 17 (30) 1 (14) 11 (26) 17 (31)

Grade 2 31 (55) 3 (43) 20 (48) 29 (53)

Grade 3 1 (2) 1 (14) 9 (21) 5 (9)

Grade 4 0 (0) 0 (0) 0 (0) 1 (2)

Grade 5 0 (0) 0 (0) 1 (2) 0 (0)

Treatment-related AEs, n (%) 22 (39) 3 (43) 30 (71) 40 (73)

Treatment-related AEs leading to
study drug discontinuation, n (%)

0 (0) 0 (0) 1 (2) 5 (9)

Serious AEs, n (%) 3 (5) 0 (0) 11 (26) 5 (9)

Most common (≥10%a) treatment-emergent AEs

COVID-19 17 (30) 1 (14) 14 (33) 13 (24)

Diarrhea 10 (18) 1 (14) 11 (26) 22 (40)

Nausea 5 (9) 2 (29) 12 (29) 18 (33)

Increased appetite 0 (0) 0 (0) 2 (5) 8 (15)

Headache 5 (9) 0 (0) 4 (10) 8 (15)

Fatigue 5 (9) 0 (0) 6 (14) 7 (13)

Abdominal pain upper 10 (18) 0 (0) 3 (7) 7 (13)

Abdominal distension 5 (9) 1 (14) 3 (7) 6 (11)

Injection site bruising 6 (11) 1 (14) 1 (2) 4 (7)

Constipation 7 (13) 1 (14) 5 (12) 8 (15)

Urinary tract infection 9 (16) 2 (29) 4 (10) 4 (7)

Cough 4 (7) 1 (14) 5 (12) 2 (4)

Arthralgia 6 (11) 0 (0) 5 (12) 7 (13)

Procedure pain 6 (11) 0 (0) 2 (5) 4 (7)

Pruritus 3 (5) 0 (0) 1 (2) 6 (11)

Notes: Values are n (%).
a≥10% AEs in any of the placebo, 0.3 mg, 1 mg, or 3 mg groups are shown.
Treatment-emergent AEs were recorded from the time of screening until 6 weeks after the end of the placebo-controlled treatment period. AEs were graded according
to the National Cancer Institute CTCAE, version 5.0.
Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events.
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with NASH and compensated cirrhosis, which com-
pares favorably to improvements in ELF noted in NASH
cirrhosis trials (eg, −0.3 for semaglutide,[11] −0.2 for
pegbelfermin,[10] +0.1 for belapectin,[8] and no change
for selonsertib[7] or simtuzumab[6]). The primary end
point result was supported by all secondary end points,
and the fibrogenesis marker Pro-C3 in particular. In
contrast to the ELF component PIIINP, which measures
an internal epitope of type III collagen during fibrosis
formation and degradation, Pro-C3 only detects fibrosis
formation and thus reflects true fibrogenesis activity.[29]

Pro-C3 has been shown to predict clinical outcome in
patients with advanced chronic liver diseases including
NASH and compensated cirrhosis; a 2-fold increase in
Pro-C3 was associated with 2.7-fold increased hazard
of liver-related events.[30] In ALPINE-4, LS mean
differences versus placebo in the percent change in
Pro-C3 were −54% and −60% in the aldafermin 1 mg
and 3 mg groups, respectively, providing further support
of ELF and a potentially more precise assessment of
fibrogenic activity than ELF.

The incidence of gastrointestinal AEs was higher in
the aldafermin groups than in the placebo group.
Diarrhea occurred in 14%, 26%, and 40% patients in
the aldafermin 0.3 mg, 1 mg, and 3 mg groups,
respectively, compared with 18% in the placebo group;
all were mild or moderate. No serious AE were attributed
by the investigators to aldafermin. The increase in LDL-C
in the aldafermin groups was due to on-target inhibition of
bile acid synthesis, which was mitigated by co-adminis-
tration of rosuvastatin.[31] LDL increases related to
aldafermin are largely driven by increases in less
atherogenic, large buoyant LDL particles and respond
very rapidly to statin co-administration. There was no
signal for adverse cardiovascular events in this trial
related to aldafermin.

The ALPINE-4 study has several strengths. This is
the first positive, randomized controlled trial in late-
stage development in compensated NASH cirrhosis.
The primary end point ELF was measured at a
rigorously qualified central laboratory; thus, variability
and interpretation bias were minimized. All cardiovas-
cular and liver-related outcomes were adjudicated by
independent, external committees comprised of expe-
rienced experts who were unaware of the treatment
group assignments. This trial enrolled a diverse, global
population, with 25% of patients of Hispanic/Latino
ethnicity, and patients with a clinical diagnosis of NASH
cirrhosis were allowed to participate. Finally, this
trial was conducted during the height of the global
COVID-19 pandemic (the first patient was randomized
on March 23, 2020, and shortly after, many companies
announced a pause of clinical trials due to COVID-19)
and included several pragmatic adaptations through
protocol amendments to enable timely completion:
magnetic resonance imaging-proton density fat fraction
procedures were eliminated given the de-prioritization

of elective procedures in the pandemic; esophagogas-
troduodenoscopy was waived in patients meeting the
expanded Baveno VI criteria; randomization into the
0.3 mg dose group was discontinued to limit patients’
exposure to a lower, suboptimal dose; the primary end
point was changed from histology on liver biopsy to the
noninvasive measure ELF; together, these strategies
accelerated recruitment and reduced the burden on
patients despite the hardship imposed by the COVID-19
pandemic.

This study also has some limitations. First, although
an ELF score of 11.3 or above is considered a poor
prognosis and high risk for liver decompensation, liver
transplant, and death, and an ELF score of 9.8 or lower
indicates low risk, the regulatory recognition of ELF as a
surrogate end point, as well as the threshold of a minimal
clinically important difference, will require further clarifi-
cation. Second, a biopsy panel read methodology has
been recently proposed by the FDA to reduce inter-
reader and intra-reader variability[32]; however, given the
logistic complexity and practical issues surrounding the
biopsy reading process, liver biopsy was read by a
central reader blinded to treatment assignment and
patient information in ALPINE-4 to avoid delays in trial
enrollment. Third, this trial enrolled a well-compensated
population with cirrhosis, thus had a low event rate as
expected and thus a reduced statistical power fromwhich
to draw firm conclusions on the impact on outcomes.[2]

This is a vexing issue in pivotal trial design where the
selection of patients with disease that may still be
responsive to therapeutic intervention needs to be
balanced with the regulatory requirement to show a
positive impact on clinical outcomes, which would require
a very large long-term trial, or the inclusion of patients
with more advanced disease and less likely to respond to
an intervention. A minimum score on ELF was not
required for enrollment, which potentially limited our
ability to enrich the higher-risk population. Fourth, the
study was not powered for pairwise comparison of
histologic end point of fibrosis improvement, though
numerically greater placebo-subtracted response rate
(delta) was seen with aldafermin 3 mg compared with
NASH cirrhosis trials (delta of 8% for aldafermin, 3% for
obeticholic acid, 1% for selonsertib,[7] −2% for
belapectin,[8] −3% for pegbelfermin,[10] and −18% for
semaglutide[11]; negative delta indicating worse fibrosis
response in the drug arm; only highest doses are shown).
Further analysis of histological data to assess change in
fibrosis burden on a linear, rather than categorical scale,
is likely to provide additional confidence that ELF change
and numerical improvement in fibrosis stage reflect a true
improvement in fibrosis. Finally, liver stiffness was
measured at local sites on various models of FibroScan
devices with no central reading, which may cause
variability in the LSM data.

Among patients with compensated NASH cirrhosis,
aldafermin 3 mg reduced serum ELF levels and was
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associated with numerically greater improvement in the
fibrosis stage than placebo at week 48. Larger and
longer trials are required to determine the efficacy and
safety of aldafermin in this disease. The trial under-
scores the need for additional approaches to demon-
strate efficacy and ultimately improve outcomes in our
most at-risk NASH population.
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