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Objective: Obesity and type 2 diabetes mellitus (T2DM) are risk factors for nonalcoholic fatty liver disease,
including nonalcoholic steatohepatitis. This study assessed pegbelfermin (BMS-986036), recombinant
PEGylated human fibroblast growth factor 21 (FGF21), in patients with obesity and T2DM predisposed to
fatty liver.

Methods: In this randomized, double-blind, placebo-controlled study, patients with T2DM and BMI of 30 to
50 kg/m? received subcutaneous pegbelfermin (1, 5, or 20 mg daily or 20 mg weekly; n=96) or placebo
(n=24) for 12 weeks. Primary end points were safety, tolerability, and change in HbA1c. Additional end
points included insulin sensitivity, lipids, adiponectin, and disease progression biomarkers.

Results: There were no significant effects of pegbelfermin versus placebo on HbA1c. Pegbelfermin 20 mg/d
significantly improved high-density lipoprotein cholesterol (P=0.015) and triglycerides (P=0.037). All peg-
belfermin regimens significantly increased adiponectin levels; 20-mg daily and weekly regimens decreased
serum PRO-C3. Most adverse events were mild; the most frequent adverse events were injection-site bruis-
ing and diarrhea.

Conclusions: Twelve-week pegbelfermin treatment did not impact HbAlc concentrations, but QW and
higher daily doses were associated with improved metabolic parameters and fibrosis biomarkers in patients
with obesity and T2DM predisposed to fatty liver. These results support evaluation of pegbelfermin in pa-
tients with obesity-related metabolic diseases (e.g., nonalcoholic steatohepatitis).
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and lipid profiles in preclinical and clinical studies (5-7). Pegbelfermin
(BMS-986036) is a polyethylene glycol-modified (PEGylated) recom-
binant human FGF21 analog with a prolonged half-life that supports up

Introduction
Approximately 60% of patients with type 2 diabetes mellitus (T2DM)

are estimated to have obesity (1,2). Additionally, >50% of patients with
T2DM are estimated to have nonalcoholic fatty liver disease (NAFLD)
(3), defined as excess accumulation of fat in the liver in the absence of
secondary causes for hepatic fat accumulation. Nonalcoholic steato-
hepatitis (NASH), the most severe form of NAFLD, may progress to
cirrhosis and hepatocellular carcinoma (4).

Fibroblast growth factor 21 (FGF21), a key regulator of energy metab-
olism, is upregulated in NASH (5). Endogenous FGF21 has a short
half-life; analogs with extended half-lives improve insulin sensitivity

to weekly dosing (Bristol-Myers Squibb [BMS] data on file). In animal
models, pegbelfermin has been shown to improve the histologic fea-
tures of NASH and fibrosis (8), increase levels of adiponectin (a key
adipokine with insulin-sensitizing, anti-inflammatory, and antifibrotic
properties) (9), and decrease the serum levels of N-terminal type III col-
lagen propeptide (PRO-C3) (BMS data on file), an emerging biomarker
of liver fibrosis (10,11). A phase 2 study was conducted to assess the
effects of 12-week treatment with daily or weekly administration of
pegbelfermin in patients with obesity and T2DM, a population at risk
for developing NASH.
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Methods

Inclusion and exclusion criteria

Adults 21 to 75 years old with BMI of 30 to 50 kg/m?, a diagnosis
of T2DM (12,13), a glycated hemoglobin (HbAlc) level > 6.5% and
< 10%, and a fasting C-peptide level > 1.0 ng/mL, who were on a sta-
ble diet and exercise routine with or without metformin for > 12 weeks
prior to the first day of study drug dosing, were enrolled. Patients with
fasting plasma glucose > 240 mg/dL, > 5% weight loss within 8 weeks
of screening, symptoms of poorly controlled diabetes or a history of
any antihyperglycemic therapy other than metformin for > 3 consec-
utive days or 7 nonconsecutive days within 12 weeks of screening,
a history of insulin therapy within 1 year of screening, osteoporo-
sis, or any history of diabetic ketoacidosis, hyperosmolar nonketotic
coma, or bariatric surgery were excluded. Patients with recent alcohol
abuse (within 6 months of enrollment) as defined by Diagnostic and
Statistical Manual of Mental Disorders (Fourth Edition) criteria were
excluded as were patients who tested positive for hepatitis C antibody
or hepatitis B surface antigen.

Study design and procedures

In this phase 2, randomized, double-blind, placebo-controlled, paral-
lel-group study (MB130-002, NCT02097277), patients who completed
screening were enrolled in a lead-in period and received training in
subcutaneous injection, finger-stick procedures, glucose monitoring,
and diary completion. Patients who completed the lead-in phase and
were > 80% adherent to treatment were randomized (1:1:1:1:1) to receive
placebo, pegbelfermin 1 mg daily, 5 mg daily, 20 mg daily, or 20 mg
weekly, all subcutaneously administered. Randomization occurred ac-
cording to a computer-generated scheme. After the 12-week treatment
period, patients were monitored for an additional 6 weeks. All patients
were eligible for open-label rescue medication for hyperglycemia.

Study objectives

The primary objective was to assess safety and tolerability of peg-
belfermin and its effects on HbAlc levels in patients with T2DM.
Secondary objectives included assessing the effects of pegbelfermin
on body weight, waist circumference, BMI, glucose homeostasis, and
insulin sensitivity (fasting and following oral glucose tolerance test
[OGTT]). Exploratory objectives included assessing effects of pegbel-
fermin on plasma lipids, total adiponectin, serum PRO-C3, chitinase-
3-like protein 1 (CHI3L1, also known as YKL-40), a biomarker of liver
fibrosis (14), and plasminogen activation inhibitor-1 (PAI-1), a NASH
biomarker (15).

Study assessments

Adverse events (AEs) were monitored throughout the study.
Hematology parameters, serum chemistry, and urinalysis were evalu-
ated at screening, on days 1, 15, 29, 57, and 84 of the treatment period,
at study discharge (day 126), and at all follow-up visits. Body weight
was measured at all study visits. HbAlc was measured at screening,
on days 1, 29, 43, 57, and 84 of the treatment period, and at study dis-
charge. Fasting plasma glucose and insulin levels (LabCorp Clinical
Trials, Cranford, New Jersey) were measured prior to dosing with
study medication on days 8, 15, 29, 57, 91, and 105 and prior to a stan-
dard 75-g OGTT on days 1, 43, and 84. For the OGTT, blood samples
were collected at 0, 30, 60, and 120 minutes post glucose ingestion.
Biomarkers of glucose homeostasis were evaluated in the fasting state
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and after OGTT to calculate insulin sensitivity indices, including the
Matsuda index, the homeostatic model assessment of insulin resis-
tance (HOMA-IR), and the quantitative insulin sensitivity check index
(QUICKI). Fasting serum total cholesterol, low-density lipoprotein
cholesterol, and high-density lipoprotein (HDL) cholesterol (LabCorp)
were measured at days 1, 43, 84, and 105. Fasting serum triglycerides
(LabCorp) and adiponectin (Myriad RBM, Austin, Texas) were mea-
sured on days 1, 8, 15, 29, 43, 57, 84, 91, and 105. Serum PRO-C3 was
measured by enzyme-linked immunosorbent assay (ELISA) (Nordic
Bioscience, Herlev, Denmark) on days 1, 43, and 84. Plasma PAI-1 and
YKL-40 levels were measured by microsphere-based, multiplex im-
munoassays (Myriad RBM) on days 1, 43, 57, and 84. Dual-energy
x-ray absorptiometry was performed to monitor bone mineral density
and body composition at screening, end of treatment, and 6 months
after the end of treatment.

Statistical methods

A planned randomization of 120 patients (24/group) was estimated to
provide > 88% power to detect a difference of 0.7% in HbAlc mean
change from baseline to week 12 at a one-sided significance level
of 0.05. Changes from baseline to week 12 in HbAlc, body weight,
HOMA-IR, QUICKI, Matsuda index, glucose area under the curve,
OGTT insulin, and C-peptide were analyzed using a longitudinal re-
peated-measures analysis model, which provided least-squares mean
estimates, standard error of the mean (SE), and two-sided 90% con-
fidence intervals for within-group changes from baseline and be-
tween-group differences at all time points. Post hoc longitudinal
repeated-measures analyses of changes from baseline to week 12
were performed for adiponectin, low-density lipoprotein, HDL, and
triglycerides. PRO-C3, YKL-40, and PAI-1 data were summarized
with descriptive statistics. Safety and tolerability parameters, includ-
ing changes from baseline in alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) levels, were summarized by treatment
groups. As this was a phase 2 study, there was no plan to adjust alpha
for multiplicity because of multiple end points.

Study oversight

The study was conducted in accordance with Good Clinical Practice
and the Declaration of Helsinki. All patients provided written informed
consent prior to enrollment. The study protocol, amendments, and in-
formed consent received approval by the Institutional Review Board or
Independent Ethics Committee from each study center prior to study
initiation. All authors had access to the study data and reviewed and
approved the final manuscript.

Results

The study was conducted at 15 sites in the United States and Canada
from July 2014 to September 2015. In total, 219 patients were enrolled,
120 were randomized, and 108 (90%) completed double-blind treat-
ment (Figure 1).

Patient demographics and baseline disease characteristics were gener-
ally similar across groups (Table 1). Most patients were white (79%),
and the mean BMI was 35 kg/m?. Nearly all patients (97%) had a fatty
liver index > 60, consistent with NAFLD (16); 21% had an NAFLD
fibrosis score > 0.68, and 4% had a Fibrosis-4 score > 2.67, which were
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Figure 1 CONSORT flow diagram. @Four individuals completed screening but did not receive at least one dose of placebo and were not considered to have entered the
lead-in period. AE, adverse event; LTFU, lost to follow-up; QD, daily dosing; QW, weekly dosing.

suggestive of advanced fibrosis (17,18). Although most patients’ ALT
and AST levels were within the laboratory-defined normal limit, 48%
(57/120) were above an updated upper limit of normal (ULN) that has
shown a higher sensitivity in identifying patients with liver disease (19).
Sixty-eight (57%) patients were receiving stable doses of metformin,
and fifty-three (44%) were receiving statins.

Metabolic and lipid parameters

There were no statistically significant differences between pegbel-
fermin treatment groups and placebo in the change in HbAlc levels
from baseline to week 12 (Table 2). Additionally, there were no sig-
nificant differences in body weight, fasting plasma insulin, C-peptide,
and measures of hepatic insulin sensitivity (HOMA-IR and QUICKI).
Significant differences (P<0.05) versus placebo were observed for a
decrease in fasting plasma glucose (20 mg weekly) and an increase in
whole-body insulin sensitivity (Matsuda index; 20 mg daily). At week
12, significant improvements were observed in HDL and triglycerides
for the 20-mg/d regimen versus placebo (Figure 2).

Parameters associated with NASH and liver
fibrosis

At 12 weeks, significant increases in adiponectin were observed
in all pegbelfermin dosing groups, compared with placebo, with an

apparent dose-response relationship (Figure 3a). A post hoc analysis
suggested that patients treated with the 20-mg daily and weekly regi-
mens had significantly decreased PRO-C3 levels compared with pla-
cebo-treated patients (Figure 3b). Exploratory analyses also suggested
pegbelfermin-associated decreases in PAI-1 (Figure 3c) and YKL-40
(Figure 3d); statistical inference testing was not performed for PAI-1
or YKL-40.

ALT and AST

ALT and AST levels decreased in patients with baseline elevations of
those enzymes (ALT > 44 U/L for men or > 32 U/L for women, 20%;
AST > 40 U/L, 8%; Table 1). There were no clear differences in de-
creases observed between pegbelfermin and placebo groups (Figure 4).
Overall, there were no apparent on-treatment changes in ALT or AST
levels, regardless of the enzyme values at baseline (data not shown).

Safety and tolerability

The most frequently reported treatment-related AEs overall were in-
jection site bruising (5%) and injection site reactions (4%); rates of
these AEs were similar between placebo and pegbelfermin treatment
groups. Most AEs were mild and did not appear to be dose dependent.
In all, 54% of placebo-treated patients experienced an AE compared
with 67% (48/72) across all daily dosing groups and 54% in the 20
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TABLE 1 Baseline demographics and clinical characteristics

Pegbelfermin

Placebo 1mgQD 5mgQD 20mgQD 20mgQW All patients
(n=24) (n=24) (n=24) (n=24) (n=24) (n=96)

Male, n (%) 14 (58) 13 (54) 13 (54) 15 (63) 12 (50) 53 (55)
Age, y, mean+SD 58+8 55+9 55+10 56+8 55+13 56+10
White, n (%) 22 (92 20 (83) 18 (75) 20 (83) 15 (63) 73 (76)
Body weight, kg, mean+SD 97+18 95+17 94+13 95+14 103+23 97 £17
BMI, kg/m?, mean +SD 36+5 35+3 34«3 34+3 36+6 35+4
Concomitant diabetes medication use, n (%)

Glimepiride 1(4) 0 14) 0 0 2(2)

Glyburide 0 0 1(4) 0 0 1(1)

Insulin 0 0 0 1(4) 0 1(1)

Metformin 13 (54) 13 (54) 15 (63) 14 (58) 13 (54) 55 (57)
Statin use, n (%) 10 (42) 12 (50) 10 (42) 12 (50) 9 (38) 43 (45)
Fatty liver index, mean (range)? 94 88 84 88 89 9N

(37-100)° (63-99) (46-98) (68-99) (45-100)P (45-100)°

HbA1c, %, mean+SD 76+0.7 77+0.8 77+09 75+1.0 7707 78+1.0
NAFLD score >0.68, n (%) 4.(17) 9(38) 2(8) 3(13) 6 (25) 20 (21)
Fasting plasma glucose, mg/dL, mean+SD 160+33 151+33 147+ 36 151+30 154 +50° 15137
Fasting plasma insulin, pmol/L, mean + SD 115+65 152 +91 180+194 138+88 169 +107¢ 160+126
ALT, U/L, mean+SD 31+25° 2811 31+20¢ 34+23 26+10¢ 30+£17°
ALT >44 U/L (men)® or >32 U/L (women)&, n (%) 4.(17) 5(21) 4.(17) 8(33) 3(13) 20 (21)
ALT >30 U/L (men) or >19 U/L (women), n (%) 10 (42) 13 (54) 9 (38) 14 (58) 11 (46) 47 (49)
AST, U/L, mean+SD 25+17P 22+9 23+9¢ 2715 24 +149 24 +12°
AST >40 U/L, n (%) 3(13) 1(4) 1(4) 3(13) 1) 6 (6)
GGT, U/L, mean = SDf 43+27 4847 69+123 39+26 55+48 53+71
Body triglycerides, mg/dL, mean +SD 193 +57P 166+ 74 170+108¢ 191+102 211 +175¢ 184 £ 117°
LDL cholesterol, mg/dL, mean+SD 102+ 34P 111+29 109+ 324 89+33 109+ 344 104 +33°
HDL cholesterol, mg/dL, mean +SD 50+19° 49+10 48 +11¢ 48+12 48 +114 48 +11°
Adiponectin, yg/mL, mean+SD 3.5+1.50 27+1.2 3.0+1.2 31+14 3.0+1.2d 29+12
PRO-C3, pg/mL, mean +SD9Y 109+£53 11.3+44 11.0+6.4 121+78 10.9+3.5 11.3£5.6

ZFatty liver index determined by BMI, waist circumference, triglycerides, and GGT (16).
n=23.

°n=92.

n=22,

¢Laboratory-defined upper limit of normal.

{GGT measured in a study sponsor’s laboratory.

9PRO-C3 data missing for nine subjects at baseline.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT gamma-glutamyl transferase; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; QD, daily dosing; QW, weekly dosing.

mg weekly group. Diarrhea was more frequent in the pegbelfermin
groups versus placebo (Table 3); events were mild to moderate in in-
tensity and lasted <2 days in 64% (9/14) of affected patients. Other
more frequently reported AEs in pegbelfermin-treated than in place-
bo-treated patients included nausea (6% vs. 0%), dyspepsia (5% vs.
0%), and fatigue (4% vs. 0%). Neither of the two serious AEs reported
during the treatment period (pegbelfermin, 20 mg/d: mitral and tri-
cuspid valve disease; placebo: basal cell carcinoma of the right ear
lobe) were treatment related. The following three patients discontin-
ued treatment because of AEs: a participant in the 20 mg/d group with
mitral and tricuspid valve disease, an individual in the 20 mg/d group
with a severe injection site reaction (erythema and edema; resolved 49

days after discontinuation), and a participant in the 5 mg/d group with
fatigue (resolved 15 days after the last dose). There were no deaths
during the study.

Elevated C-reactive protein was the most frequently reported chem-
istry abnormality, with values > 1.5-fold the ULN in one-third of
patients and similar frequency of elevations across dosing groups.
Elevations were observed in 31.0% and 31.8% of patients who
received pegbelfermin and placebo, respectively, and are unlikely to
be clinically meaningful. Values > 2-fold the ULN for ALT and AST
were observed in three and two patients, respectively. No participant
met predefined criteria for drug-induced liver injury (ALT or AST
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TABLE 2 Changes in metabolic parameters at week 12
Pegbelfermin
Placebo 1 mg QD 5mg QD 20 mg QD 20 mg QW
(n=24) (n=24) (n=24) (n=24) (n=24)
HbA1c, % Change from baseline -0.03 0.32 0.19 0.06 -0.05
(90% Cl) (-0.29t0 0.23) (0.05 t0 0.59) (—0.07 to 0.46) (-0.21 10 0.34) (-0.31t00.21)
P - 0.940 0.838 0.660 0.463
Body weight, kg Change from baseline -0.12 -0.10 -0.44 -1.04 -0.48
(90% Cl) (-1.0210 0.77) (-1.04 10 0.83) (-1.38t0 0.49) (-1.99 to —0.10) (-1.3910 0.43)
P - 0.512 0.341 0122 0.323
Plasma glucose Change from baseline 1.35 2.41 0.26 0.08 -1.62
AUC(0-2), mmoleh/L (90% Cl) (-0.39 10 3.09) (0.56 to 4.26) (-1.61t02.12) (-1.77 10 1.94) (-3.46 10 0.22)
P - 0.756 0.240 0.206 0.028
Plasma insulin Change from baseline -71.3 —77.8 -61.4 -95.8 -142
AUC(0-2), pmoleh/L (90% ClI) (—146 to 3.45) (-156 to 0.46) (14210 19.4) (17510 -16.4) (222 t0 —63.0)
P - 0.460 0.559 0.354 0.142
C-peptide Change from baseline -0.27 -0.13 -0.20 -0.24 -0.75
AUC(0-2), nmoleh/L (90% Cl) (-0.67 t0 0.13) (-0.55t0 0.29) (-0.63100.23) (-0.67 t0 0.18) (-1.18 t0 —0.33)
P - 0.655 0.578 0.527 0.084
Matsuda index Change from baseline -0.25 -0.34 -0.23 0.74 0.47
(90% CI) (~0.86 10 0.37) (-0.99100.32)  (-0.89100.43) (0.11 t0 1.38) (-0.17 to 1.11)
P - 0.564 0.487 0.033 0.093
HOMA-IR Change from baseline -1.38 0.58 -0.75 -213 017
(90% Cl) (-3.11100.35) (-1.24 10 2.40) (—2.56 t0 1.07) (—-3.91 t0 —0.36) (-1.55t0 1.89)
P - 0.902 0.662 0.307 0.852
QuICKI Change from baseline 0.0005 —-0.002 -0.002 0.005 0.001
(90% CI) (~0.0034 t0 0.0045) (~0.007 t00.002) (~0.006 to 0.003)  (0.0004 t0 0.009)  (~0.003 t0 0.005)
P - 0.795 0.734 0125 0.461

Changes from baseline, 90% confidence intervals (Cls), and P values derived from longitudinal repeated-measures model that included treatment group, study day, and treat-
ment-by-study-day interactions, baseline value, and baseline BMI (categorical variable).

P values not adjusted for multiple testing.

AUC(0-2), area under the curve, 0-2 h; Cl, confidence interval; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model assessment of insulin resistance; QD, daily dosing;

QUICKI, quantitative insulin sensitivity check index; QW, weekly dosing.

> 3-fold ULN and total bilirubin > 2-fold ULN). Abnormal laboratory
elevations in creatine kinase occurred in 7% and 13% of pegbelfer-
min- and placebo-treated patients, respectively, and were attributed
to occupational or recreational physical activity. No patients had a
laboratory abnormality of low glucose; however, one individual in
the 20 mg/d group experienced asymptomatic clinical hypoglycemia
(as judged by the Investigator based on a random finger-stick test) on
day 13, attributed to a missed or delayed meal. Rescue medication
was required by five patients to treat hyperglycemia (one each in
placebo, 1 mg, and 5 mg daily dose groups; two from 20 mg weekly
dose group); three patients required medication during the 12-week
treatment period, and two patients started medication several days
after completing treatment. Most patients (4/5) achieved adequate
glucose control with their prescribed medication, while one patient
required additional antihyperglycemic medication to achieve ade-
quate glucose control. Mean bone mineral density at any site (the
femoral neck, total hip, or lumbar spine) and body composition as
measured by dual-energy x-ray absorptiometry were not decreased
from baseline in patients who received pegbelfermin compared with
placebo at any time point (data not shown).

Discussion

Pegbelfermin was generally safe and well tolerated among patients
with obesity and T2DM and a high prevalence of fatty liver. A pro-
portion of these patients may have had undiagnosed NASH, and the
rest were probably at risk of developing NASH (16). Furthermore, 4%
to 21% were likely to have advanced (stage 3 or 4) fibrosis based upon
noninvasive assessments (NAFLD fibrosis and Fibrosis-4 scores).
Overall, 12 weeks of pegbelfermin treatment was not associated with
a meaningful change in HbAlc or body weight, but it was associated
with improvements in metabolic parameters (HDL and triglycerides
[20 mg daily]) and fibrosis markers (adiponectin [all dosages] and
PRO-C3 [20 mg daily and weekly]).

The absence of a lowering effect on body weight, glucose, and insu-
lin contrasts with observations from preclinical studies in rodents and
nonhuman primates (6,20,21). The data presented in this study are con-
sistent with the results of a clinical trial of a different FGF21 analog,
in which 4 weeks of treatment with LY2405319 in patients with T2DM
did not result in a meaningful change in fasting plasma glucose but
did result in significant reductions in fasting plasma insulin (22). The
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Patients with elevated ALT or AST?
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the 1 mg/d and 5 mg/d groups. ALT, alanine aminotransferase; AST, aspartate aminotransferase; SE, standard error of the mean; QD, daily dosing; QW, weekly dosing.

TABLE 3 Safety summary

Pegbelfermin

Placebo 1 mg QD 5mg QD 20 mg QD 20 mg QW Any dose
Event, n (%) (n=24) (n=24) (n=24) (n=24) (n=24) (n=96)
Any AE 13 (54) 16 (67) 18 (75) 14 (58) 13 (54) 61 (64)
Discontinuation due to AEs 0 0 1) 2 (8) 0 303
Serious AEs 1) 0 0 1(4) 0 1)
AEs in >5% of patients in any treatment group
Diarrhea 1(4) 3(13) 2(8) 4.(17) 5(21) 14 (15)
Injection site bruising 5(21) 6 (25) 4.(17) 1(4) 3(13) 14 (15)
Nasopharyngitis 1(4) 3(13) 14) 1(4) 2(8) 7(7)
Increased appetite 2 (8) 1@ 3(13) 1) 14 6 (6)
Nausea 0 2(8) 0 1(4) 3(13) 6 (6)
Dyspepsia 0 3(13) 0 1(4) 1) 5(5)
Fatigue 0 14) 14) 0 2(8) 4 (4)
Injection site erythema 1(4) 1) 0 2(8) 1) 4 (4)
Headache 2(8) 14) 1) 0 1) 319
Upper respiratory tract 0 0 2(8) 0 1) 303
infection
Cough 28 0 1) 0 1) 2(2)
Increased blood CPK 0 2(8) 0 0 0 22
Vomiting 0 2(8) 0 0 0 22

AE, adverse event; CPK, creatine phosphokinase; QD, daily dosing; QW, weekly dosing.
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reasons for the differences between preclinical and human studies are
unclear, though they may include fundamental differences in human
versus nonhuman FGF21 physiology.

At the 20-mg/d dose, pegbelfermin treatment led to improvement in the
Matsuda index, a calculated measure of insulin sensitivity in the liver
and peripheral tissues (23). This finding is consistent with the increased
peripheral insulin sensitivity reported in diet-induced obese mice
treated with recombinant FGF21 (20); however, it is important to note
that these calculations are moderately correlated with data derived from
the euglycemic hyperinsulinemic clamp, a gold standard method, and
that they may not accurately reflect insulin resistance in patients with
diabetes because of B-cell dysfunction (24). In contrast, there was no
observable effect on HOMA-IR and QUICKI, indices that are thought
to reflect insulin sensitivity in the liver and pancreatic p-cells (23). It
is unclear why the Matsuda index improved at the 20-mg/d dose in the
absence of change in HOMA-IR and QUICKI; however, improvement
in whole-body insulin sensitivity suggests a possible effect of pegbel-
fermin treatment on insulin resistance, though additional research is
needed to confirm this observation. Insulin resistance is a risk factor
for NASH (25), and presence of diabetes is an independent predictor of
moderate to severe fibrosis and progression to adverse long-term clini-
cal outcomes in individuals with NAFLD (26,27).

The improvements in HDL and triglycerides observed in the 20 mg/d
treatment group are consistent with findings from clinical trials of
other FGF21 analogs and studies of exogenous FGF21 in obese rhe-
sus monkeys with dyslipidemia (6,22). These findings, if confirmed in
subsequent studies, could be of clinical significance, as a lipid-lower-
ing agent could reduce the overall cardiovascular risk of patients with
obesity and T2DM (28).

Compared with placebo, all pegbelfermin treatment groups experi-
enced dose-dependent increases in adiponectin, an adipokine associ-
ated with hepatic benefits. Adiponectin levels are decreased in patients
with NAFLD and are even lower in patients with NASH (29). In addi-
tion, in patients with NAFLD, adiponectin expression decreases with
the development of insulin resistance, which may predispose patients
to NASH (30). Adiponectin regulates the activation of hepatic stellate
cells, major profibrotic protagonists (31), and in vitro, adiponectin
has a potent antifibrotic effect in fibroblast cultures (32). In animals,
recombinant adiponectin alleviates hepatomegaly and steatosis, atten-
uates inflammation, reduces ALT elevations, and has beneficial effects
on lipid metabolism (33). In humans, low adiponectin is correlated with
obesity and insulin resistance (34). In a recent meta-analysis of clini-
cal trials with antidiabetes medications pioglitazone and rosiglitazone,
increases in adiponectin were associated with improvements in steato-
sis and fibrosis (35).

The significant effect on serum PRO-C3 in patients treated with 20 mg
pegbelfermin daily and weekly is also of clinical interest. PRO-C3 is
a biomarker for type III collagen formation (10) and is indicative of
hepatic fibrogenesis. For example, in patients with chronic hepatitis C
virus infection, PRO-C3 has been shown to correlate with severity of
liver fibrosis (10), and high baseline PRO-C3 levels have been associ-
ated with increased fibrotic disease progression (36). In patients with
NASH, PRO-C3 levels have been associated with disease activity (37)
and fibrosis stage (38). Furthermore, longitudinal decreases in PRO-C3
have been correlated with improvements in hepatic fibrosis, as assessed
by biopsy (39).

Pegbelfermin treatment also led to reduced levels of PAI-1 and YKL-40,
though statistical inference testing was not performed for PAI-1 or YKL-
40. PAI-1 is associated with fibrosis (40), and it has been shown to be
elevated in patients with NASH (41). YKL-40 is a marker of liver fibrosis
(14) and has been associated with fibrosis in NAFLD (42). To our knowl-
edge, no other FGF21 study, in humans or animals, has reported changes
in serum PRO-C3, PAI-1, or YKL-40. Future studies will need to confirm
the effect of pegbelfermin on these biomarkers and elucidate in more
detail their relationship with established markers of hepatic fibrosis.

A key limitation of this trial is the small sample size, which limits inter-
pretation of data. In addition, to more definitively assess the long-term
effects of pegbelfermin, studies with a longer treatment duration are
needed. Finally, although results from this study suggest that pegbel-
fermin improves biomarkers relevant to NASH in a patient population
with NASH risk factors, whether pegbelfermin improves NASH, as
measured by histologic assessment of liver biopsy in NASH patients,
will require further study.

In summary, these results suggest that pegbelfermin is generally safe,
well tolerated, and associated with improvement in liver-related bio-
markers and multiple metabolic parameters in patients with obesity and
T2DM who have a high prevalence of fatty liver and who are at risk
for developing NASH. These results, together with data from a recent
phase 2 study in patients with NASH (A. Sanyal et al., unpublished data,
2018), support larger, long-term studies of pegbelfermin in patients with
metabolic syndrome-related disorders and, in particular, NASH.O
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