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NGM282 Improves Liver Fibrosis and 
Histology in 12 Weeks in Patients With 
Nonalcoholic Steatohepatitis
Stephen A. Harrison,1,2 Stephen J. Rossi,3 Angelo H. Paredes,4 James F. Trotter,5 Mustafa R. Bashir,6 Cynthia D. Guy,7  
Rajarshi Banerjee,8 Mark J. Jaros,9 Sandra Owers,2 Bryan A. Baxter,3 Lei Ling,3 and Alex M. DePaoli3

NGM282, an engineered fibroblast growth factor 19 analogue, rapidly and significantly reduced liver fat content in a 
multicenter, randomized, double-blind, placebo-controlled study in patients with biopsy-confirmed nonalcoholic stea-
tohepatitis (NASH). However, it is unclear whether these changes would be accompanied by histological improve-
ment. In this open-label study, we assessed the histological efficacy of NGM282 in patients with biopsy-confirmed 
nonalcoholic steatohepatitis. Paired liver biopsies from 43 patients who received subcutaneous NGM282 (1 mg, n = 24; 
3 mg, n = 19) once daily for 12 weeks were evaluated blinded to time point, subject, and clinical information. At week 
12, NGM282 significantly reduced nonalcoholic fatty liver disease activity score (NAS; −1.9; 95% confidence inter-
val, −2.6 to −1.2; P < 0.001 in the 1 mg group; −2.2, −3.1 to −1.3; P < 0.001 in the 3 mg group) and fibrosis (−0.5; 
−0.9 to 0; P = 0.035 in the 3 mg group) scores. Overall, 50% and 63% of the patients receiving NGM282 1 mg or 
3 mg, respectively, improved NAS by 2 or more points without fibrosis worsening. Of the patients receiving NGM282 
1 mg or 3 mg, 25% and 42%, respectively, improved liver fibrosis by one stage or more without worsening of steato-
hepatitis. Treatment with NGM282 led to relative reductions in liver fat content (−58% and −67% in the 1 mg and 
3 mg groups, respectively), corrected T1 (cT1; −8% and −9%), alanine aminotransferase (ALT) (−67% and −60%), 
aspartate aminotransferase (−57% and −52%), and fibrogenesis biomarkers neoepitope-specific N-terminal propeptide 
of type III collagen (Pro-C3; −22% and −33%) and enhanced liver fibrosis score (ELF; −3% and −6%) at week 12. 
Greater reductions in Pro-C3, ELF, and cT1, but not in liver fat content, 7alpha-hydroxy-4-cholesten-3-one, or ALT, 
were observed in histological responders than in nonresponders. Conclusion: In this open-label study, NGM282 im-
proved the histological features of NASH in 12 weeks with significant reductions in NAS and fibrosis scores, ac-
companied by improvements in noninvasive imaging and serum markers. (Hepatology 2020;71:1198-1212).
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Nonalcoholic steatohepatitis (NASH), a pro-
gressive form of nonalcoholic fatty liver dis-
ease (NAFLD), is a growing clinical concern 

associated with the increasing prevalence of obesity, 
type 2 diabetes, and metabolic syndrome.(1) NASH 

is characterized by the presence of hepatic steatosis, 
inflammation, and hepatocellular injury and is pre-
dicted to be the leading indication for liver trans-
plantation by 2020.(1,2) Patients with NASH have an 
increased risk of developing cirrhosis and its compli-
cations, such as ascites, variceal hemorrhage, hepatic 
encephalopathy, hepatocellular carcinoma, and liver 

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; C4, 7alpha-hydroxy-4-cholesten-3-one; 
cT1, corrected T1; CYP7A1, cholesterol 7alpha-hydroxylase; ELF, enhanced liver fibrosis; EOT, end of treatment; FGF19, fibroblast growth factor 
19; LDL-C, low-density lipoprotein cholesterol; mITT, modified intention-to-treat; MRI-PDFF, magnetic resonance imaging-proton density fat 
fraction; NAS, nonalcoholic fatty liver disease activity score; NASH, nonalcoholic steatohepatitis; NASH CRN, NASH Clinical Research Network; 
Pro-C3, neoepitope-specific N-terminal propeptide of type III collagen; SD, standard deviation.
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failure. Weight loss and lifestyle modifications are 
the recommended treatments for NASH, yet most 
patients do not achieve or maintain dietary goals and 
weight loss. Currently, there is no approved medicine 
for NASH, and therapies to arrest or reverse disease 
progression are urgently needed.

Liver fibrosis is the most important determinant of 
clinical disease progression and mortality in patients 
with NASH.(3) Although the mechanism underlying 
the development and progression of fibrosis in NASH 
is poorly understood, emerging evidence supports a role 
for bile acids in the pathogenesis of liver fibrosis and 
inflammation.(4) Fibroblast growth factor 19 (FGF19), 
an endocrine gastrointestinal hormone, controls 
bile acid metabolism through actions on cholesterol 
7alpha-hydroxylase (CYP7A1), the first and rate-limit-
ing enzyme in the classic pathway of bile acid synthesis 
from cholesterol.(5) Multiple independent groups have 
reported reduced circulating FGF19 concentrations 
and elevated bile acid levels in patients with NASH.(6-8)  
Although the mechanistic and clinical significance of 
these observations is incompletely understood, accumu-
lating evidence suggests that the supraphysiological bile 
acid concentration may contribute to NASH-related 
liver injury and progressive fibrosis.

NGM282 is an engineered analogue of FGF19 
that potently inhibits de novo bile acid synthesis 

while eliminating FGF19-associated tumorigenic-
ity.(9,10) Preclinical studies have demonstrated that 
NGM282 impacts multiple pathways relevant to 
NASH pathogenesis by inhibiting de novo lipogene-
sis, improving insulin sensitivity, correcting mitochon-
drial dysfunction, and reducing hepatic inflammation 
and fibrosis.(11) In a randomized, double-blind, pla-
cebo-controlled trial in patients with NASH, treat-
ment with NGM282 for 12 weeks produced rapid 
and significant reductions in liver fat content, levels 
of alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST), and serum markers of fibrogen-
esis.(12) However, the histological features of NASH 
were not assessed at the end of that study.(12) We 
therefore designed and conducted an open-label trial 
of NGM282 to test its effect on histological end-
points in patients with NASH.

Patients and Methods
tRIal DeSIgN aND oVeRSIgHt

This open-label, multicenter trial was conducted 
at 3 investigative sites: Pinnacle Clinical Research 
(San Antonio, TX), Brooke Army Medical Center 
(San Antonio, TX), and Liver Consultants of Texas 
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(Dallas, TX). The protocol was approved by the local 
ethics committee prior to study initiation. The trial 
was conducted in compliance with the principles of 
the Declaration of Helsinki and the Good Clinical 
Practice guidelines of the International Conference 
on Harmonization. All patients provided written 
informed consent. The NGM282 dose was selected 
on the basis of previous data that showed similar 
efficacy but better tolerability of 3 mg than 6 mg.(12) 
Data were collected by investigators and managed by 
INC Research.

patIeNtS
Patients were eligible if they met the following 

inclusion criteria: 18-75 years of age at the time of 
screening; histological diagnosis of NASH on the 
basis of liver biopsy performed within 3 months of 
screening; NAFLD activity score (NAS, defined 
by the NASH Clinical Research Network [NASH 
CRN] Histologic Scoring System) ≥4 (with ≥1 point 
in each component of steatosis, lobular inflamma-
tion, and hepatocellular ballooning); stage 1, 2, or 3 
fibrosis; liver fat content ≥8% as assessed by magnetic 
resonance imaging-proton density fat fraction (MRI-
PDFF); and elevated ALT (≥19 IU/L in women; 
≥30 IU/L in men). Detailed inclusion and exclusion 
criteria are included in the Supporting Information.

pRoCeDUReS
During the screening period, patients underwent a 

liver biopsy or provided a liver biopsy tissue specimen 
obtained within the previous 3 months. At the end 

of treatment (EOT) at week 12, patients underwent 
a second liver biopsy (Fig. 1). Tissue samples were 
prepared and read by a qualified local pathologist to 
verify NASH and determine the NAS at enrollment. 
Patients underwent MRI for assessment of MRI-
PDFF and LiverMultiScan (Perspectum Diagnostics, 
Oxford, UK) during screening, at week 6, and at 
EOT/week 12 or early withdrawal (Fig. 1).

Blood samples were obtained for measurements 
of 7alpha-hydroxy-4-cholesten-3-one (C4, a serum 
marker of hepatic CYP7A1 activity), bile acids, chem-
istry, and fibrosis biomarkers at day 1 and week 12. 
Because serum cholesterol concentrations increased 
more in the NGM282-treated patients than in the 
placebo-treated patients in the previously reported 
randomized, double-blind study,(12) a lipid manage-
ment approach was adopted by adding rosuvastatin 
if low-density lipoprotein cholesterol (LDL-C) lev-
els elevated by >10 mg/dL from baseline.(13) Adverse 
events (AEs) were evaluated at each study visit.

aSSeSSMeNtS
We used a modified intention-to-treat (mITT) 

analysis that included all of the patients who enrolled 
and had both baseline and week 12 liver biopsies. 
Histological assessment of paired liver biopsies was 
performed by a pathologist (C.D.G.), blinded to time 
point, subject, and clinical and imaging information. 
Grading and staging of biopsies for the purpose of 
enrollment were done by the local pathologists at the 
site of enrollment but centrally read at the end of the 
study. Biopsies were graded with the use of NASH 
CRN criteria. The histological outcome measure 

FIg. 1. Study schema. Patients received NGM282 at a dose of 1 mg or 3 mg per day subcutaneously for 12 weeks. Liver biopsies 
were obtained at baseline and at week 12 (EOT). Liver fat content was measured by MRI-PDFF at baseline, week 6, and week 12. 
Assessment of cT1 was performed at baseline, week 6, and week 12 by multimetric MRI LiverMultiScan. Serum markers of liver injury 
and fibrosis were measured by standard laboratory methods. Abbreviations: D, day; W, week.
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was change in NAS or fibrosis scores from baseline 
to week 12. Responders were defined as those who 
achieved a decrease in NAS by at least 2 points with-
out worsening of fibrosis (defined as any numerical 
increase in fibrosis stage) or a decrease in fibrosis 
by at least one stage without worsening of NASH. 
Resolution of NASH is defined as a score of 0-1 for 
inflammation, 0 for ballooning, and any value for ste-
atosis. Improvement in fibrosis was defined as any 
numerical decrease in fibrosis stage.

Noninvasive imaging outcome measures, includ-
ing liver fat content as measured by MRI-PDFF and 
corrected T1 (cT1, a standardized, vendor-neutral 
imaging biomarker of hepatic fibroinflammatory dis-
ease) by LiverMultiScan, were assessed independently 
of each other at the central radiology core facilities 
(MRI-PDFF at Duke University, cT1 at Perspectum 
Diagnostics) by central readers who were unaware 
of the subject, laboratory, clinical and histological 
information. Noninvasive serum outcome measures 
included change from baseline to week 12 in C4, 
bile acids, ALT and AST. Serum fibrosis biomarkers, 
including neoepitope-specific N-terminal propep-
tide of type III collagen (Pro-C3; Nordic Bioscience) 
and enhanced liver fibrosis (ELF) score (with three 
components: the N-terminal propeptide of type III 
collagen, the tissue inhibitor of metalloproteinase 1, 
and hyaluronic acid) were also determined. AEs were 
assessed using the Common Terminology Criteria for 
Adverse Events, v4.03.

StatIStICal aNalySIS
Sample size was empirically chosen on the basis of 

our previous data from a double-blind, placebo-con-
trolled trial in patients with NASH.(12) All patients 
with paired liver biopsies at baseline and week 12 
were included in the mITT analysis. Change from 
baseline at week 12 (EOT) for all outcome mea-
sures was analyzed using a two-sided, one-sample 
t test at the 5% level of significance. To compare 
across treatment groups in changes from baseline to 
week 12, we used analysis of covariance with treat-
ment group and baseline value as covariates at the 
5% level of significance. Means with standard devi-
ations (SDs) and the corresponding P values were 
presented. We also performed sensitivity analysis 
using the Wilcoxon matched-pairs signed rank test. 
SAS version 9.4 (SAS Institute, Cary, NC) was used 

to conduct the analyses. The clinicaltrials.gov trial 
number is NCT02443116.

Results
patIeNt CHaRaCteRIStICS

From April 2017 through June 2018, a total of 50 
eligible patients with histologically proven NASH 
received once-daily NGM282 1 mg or 3 mg treatment 
(Supporting Fig. S1). Seven patients did not have the 
week 12 liver biopsies and were not included in the 
mITT analysis (reasons are listed in Supporting Table 
S1). Baseline demographics and disease characteristics 
of patients in this study are summarized in Table 1. 
The mean total NASs were 5.4 (SD, 1.5) and 5.7 
(SD, 1.5), and the mean fibrosis scores were 2.3 (SD, 
0.8) and 2.5 (SD, 0.8), respectively, in the NGM282 
1 mg (n = 24) and 3 mg (n = 19) groups. On central 
consensus review, stage 3 fibrosis was present in 38% 
and 53% patients in the NGM282 1 mg and 3 mg 
groups, respectively. Fifty patients were included in 
the safety analysis.

HIStologICal oUtCoMeS
Forty-three patients had paired liver biopsies both 

at baseline and at 12 weeks, received treatment, and 
were included in the mITT analysis of the histolog-
ical outcome measure. At week 12, the mean NAS 
improved by 1.9 and 2.2 points in patients treated 
with NGM282 1 mg or 3 mg, respectively (P < 0.001 
versus baseline for both doses) (Fig. 2A and Table 2). 
Significant reduction in components of NAS was also 
noted. Distributions of NAS scores at baseline and 
week 12 are provided in Supporting Fig. S2. At week 
12, the mean fibrosis score fell 0.1 and 0.5 points in 
patients receiving NGM282 1 mg or 3 mg, respec-
tively (P = 0.035 for NGM282 3 mg) (Fig. 2B,C and 
Table 2).

Of the patients treated with NGM282 1 mg or 
3 mg, 50% (12/24) and 68% (13/19), respectively, had 
histological response (2-point or greater improvement 
in NAS without worsening of fibrosis or improvement 
in fibrosis without worsening of NASH). When com-
pared with those at baseline, the NAS decreased in 75% 
and 84% of the patients and the fibrosis score decreased 
in 25% and 42% of the patients in the NGM282 1 mg 
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and 3 mg groups, respectively. Of patients with F3 
fibrosis at baseline in the NGM282 3 mg group, 30% 
(3/10) achieved a two-stage improvement in fibrosis. Of 
the patients in the NGM282 1 mg and 3 mg groups, 
12% and 10%, respectively, achieved NASH resolution 
without fibrosis worsening at week 12.

A sensitivity analysis of the histological out-
come measure, in which patients with a missing 
week 12 liver biopsy were defined as nonrespond-
ers, showed that 43% (1 mg) and 59% (3 mg) of 

patients receiving NGM282 achieved histological 
improvement. Similar results were obtained when 
the Wilcoxon matched-pairs signed rank test was 
used (Supporting Table S2).

The pragmatic design in the current trial about 
biopsies read by local pathologists to assess enrollment 
eligibility led to unavoidable discordant interpreta-
tions due to interobserver variability, as it did in other 
NASH trials.(14,15) Six patients from the NGM282 
1 mg group and 3 patients from the 3 mg group no 
longer met inclusion criteria (NAS ≥4, with at least 1 
point each in steatosis, ballooning, and inflammation) 
at central pathology review. Further sensitivity analy-
sis of histological outcome measures excluding these 
patients did not alter the principal conclusions regard-
ing histological improvements (Supporting Tables S3 
and S4).

IMagINg oUtCoMeS
At week 12, absolute liver fat content was sig-

nificantly reduced with NGM282 versus base-
line (Fig. 3A and Table 2). Most of the beneficial 
effect of NGM282 related to the reduction in liver 
fat content was achieved as early as week 6 (Fig. 
3B). At week 12, 92% and 100% of patients receiv-
ing NGM282 1 mg or 3 mg, respectively, achieved 
a clinically meaningful ≥5% reduction in absolute 
liver fat content; 92% (1 mg) and 100% (3 mg) of 
patients also achieved a ≥30% relative reduction of 
liver fat content. Liver fat content completely nor-
malized in 33% (1 mg) and 63% (3 mg) of patients 
treated with NGM282.

Assessments by LiverMultiScan revealed that 
NGM282 treatment significantly lowered cT1 values, a 
standardized imaging biomarker of hepatic fibroinflam-
mation(16) (–78.2 milliseconds and –81.6 milliseconds 
in the 1 mg and 3 mg groups, respectively, at week 12; 
P < 0.001 versus baseline for both doses; Fig. 3C-E).

SeRUM paRaMeteRS
Circulating levels of C4, a marker of hepatic 

CYP7A1 activity indicative of target engagement, 
were reduced by 76% and 93% in patients receiving 
NGM282 1 mg or 3 mg, respectively, at week 12 
(Fig. 4A). Greater reductions in C4 were achieved 
in the NGM282 3 mg group than the 1 mg group 
(Supporting Table S5). Serum concentrations of total 

taBle 1. Baseline Demographics and Characteristics

NGM282 1 mg 
(n = 24)

NGM282 3 mg 
(n = 19)

Age (years) 49.5 (10.7) 51.4 (12.6)

Sex

Female 19 (79%) 15 (79%)

Male 5 (21) 4 (21%)

Ethnicity

Hispanic/Latino 20 (83%) 13 (68%)

Non-Hispanic/Latino 4 (17) 6 (32%)

Type 2 diabetes

Yes 9 (38%) 7 (37%)

No 15 (62%) 12 (63%)

Statin status

Naive 20 (83%) 13 (68%)

Experienced 4 (17%) 6 (32%)

Histology

Fibrosis score 2.3 (0.8) 2.5 (0.8)

Fibrosis stage

1 4 (17%) 3 (16%)

2 10 (42%) 5 (26%)

3 9 (38%) 10 (53%)

4 1 (4%) 1 (5%)

NAS 5.4 (1.5) 5.7 (1.5)

Ballooning

0 (none) 4 (17%) 1 (5%)

1 (few ballooned cells) 6 (25%) 2 (10%)

2 (many ballooned cells) 14 (58%) 16 (84%)

Steatosis

0 (<5%) 0 0

1 (5%-33%) 11 (46%) 11 (58%)

2 (34%-66%) 4 (17%) 4 (21%)

3 (>66%) 9 (38%) 4 (21%)

Inflammation

0 (none) 0 0

1 (<2) 3 (12%) 2 (10%)

2 (2-4) 18 (75%) 10 (53%)

3 (>4) 3 (12%) 7 (37%)

Shown are mean (SD) or n (%).
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bile acids also decreased significantly from baseline 
(Fig. 4B).

Treatment with NGM282 resulted in significant 
reductions in ALT and AST from baseline to week 12 
(Fig. 4C and Table 2). Most of the beneficial effects 
of NGM282 related to ALT and AST were achieved 
by 2 weeks of treatment and were sustained through-
out treatment. No increases in gamma-glutamyl-
transferase or alkaline phosphatase were observed 
(Supporting Fig. S3).

Significant reductions in noninvasive serum fibro-
sis biomarkers were observed as early as 6 weeks of 
treatment with NGM282 and were sustained for the 
duration of treatment (Fig. 4D,E). Reductions in con-
centrations of Pro-C3, which directly reflects collagen 
formation during fibrogenesis,(17) were significant at 
both week 6 and week 12 compared with baseline 
(Fig. 4D). Significant reductions in ELF, as well as 
components of ELF, from baseline were observed in 
the NGM282-treated patients (Fig. 4E).

FIg. 2. Histological outcome measures. (A) NAS and components at baseline and week 12. Details regarding the scoring systems 
are provided in Patients and Methods. (B) Fibrosis scores at baseline and week 12. Shown is the distribution of patients according 
to the NASH CRN fibrosis score (scores range from 0 to 4, with higher scores indicating more severe fibrosis) at baseline and week 
12. A value of 100% represents all participants who had paired liver biopsies. Percentages may not total 100 because of rounding. (C) 
Representative hematoxylin and eosin and trichrome images of liver biopsies at baseline and week 12 in a patient treated with NGM282 
3 mg. Liver fat droplets appear as white vacuoles in hematoxylin and eosin and trichrome images. Blue stains on trichrome staining 
(measuring collagen content) reveal fibrosis in the liver. Shown are mean ± SEM; P values by one-sample t test. Abbreviations: BL, 
baseline; H&E, hematoxylin and eosin; W, week.
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Consistent with the mechanism by which NGM282 
inhibits the conversion of cholesterol to bile acids, 
serum levels of LDL-C were elevated at week 2 in 
both the NGM282 1 mg (Fig. 5A) and 3 mg (Fig. 
5B) groups. Rosuvastatin was added at week 2, with 
biweekly incremental doses to a maximum of 40 mg 
daily.(13) Both drugs were continued until EOT at 
week 12. NGM282-associated elevation of LDL-C 
was effectively managed with rosuvastatin, reach-
ing levels below baseline at week 12 (Fig. 5). Serum 
concentrations of triglyceride steadily declined over 

time in both NGM282 dose groups. Proportions of 
patients taking rosuvastatin 20 mg or 40 mg at weeks 
2, 4, 8, and 12 are shown in Supporting Fig. S4.

FeatUReS aSSoCIateD WItH 
HIStologICal ReSpoNSe IN 
tHe NgM282 3 mg gRoUp

To investigate factors associated with histologi-
cal outcome, we categorized patients according to 
whether they had a histological response or did not 

FIg. 3. Imaging outcome measures. (A) Absolute liver fat content as measured by MRI-PDFF at baseline, week 6, and week 12. (B) 
Relative change in liver fat content from baseline at week 6 and week 12. (C) cT1 values as measured by LiverMultiScan. (D) Relative 
change in cT1. (E) Representative LiverMultiScan images showing cT1 change over 12 weeks. Shown are mean ± SEM; P values by 
one-sample t test. Abbreviations: BL, baseline; LFC, liver fat content; W, week.
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have a histological response. Among the clinical or 
laboratory test changes that occurred in patients who 
had histological improvement with NGM282 treat-
ment compared with patients who did not have histo-
logical improvement, greater reductions from baseline 
in Pro-C3 (−56% versus −9% for responders and 
nonresponders, respectively; Fig. 6A) and ELF (−7% 
versus −3% for responders and nonresponders, respec-
tively; Fig. 6B) levels were observed for histological 
responders.

cT1 reduction was more marked in histological 
responders (−92 milliseconds) than nonrespond-
ers (−64 milliseconds) (Fig. 6C), in contrast to the 
reductions in liver fat content being similar in both 
groups (−66% and −66% relative change from base-
line for responders and nonresponders, respectively; 
Fig. 6D). Similar reductions in C4 were observed in 
histological responders (−92%) and nonresponders 
(−98%) (Fig. 6E). Changes in ALT were not signifi-
cantly different in the comparison of responders and 

FIg. 4. Serum outcome measures. (A) Concentrations of C4 at baseline, week 6, and week 12. (B) Levels of total bile acids at baseline, 
week 6, and week 12. (C) ALT and AST over time. (D) Concentrations of Pro-C3 at baseline, week 6, and week 12. (E) ELF scores 
at baseline, week 6, and week 12. Shown are mean ± SEM; ***P < 0.001 versus baseline; P values by one-sample t test. Abbreviations: 
BL, baseline; W, week.
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nonresponders (Fig. 6F). No associations were appar-
ent between histological response and age or gender.

SaFety
AEs that occurred during treatment were mild or 

moderate in severity, consistent with the previously 
reported safety profile of NGM282.(12) The most 
common AEs were gastrointestinal (diarrhea, nau-
sea, frequent bowel movements, and abdominal pain). 
Diarrhea was typically transient and was managed by 
separating the timing of injection around meals and 
decreasing meal size. Serious AEs were recorded in 
4 patients, all deemed unrelated to study drug by the 
investigators, and were resolved without sequelae: 

1 patient (from the 1 mg group) had a kidney mass 
detected by MRI during follow-up; 1 patient (3 mg) 
had a grade 2 chest pain during follow-up and was 
briefly hospitalized and discharged the same day; 1 
patient (3 mg) had pleurisy; 1 patient (3 mg) with a 
medical history of congestive heart failure, type 2 dia-
betes, hypertension, and obesity had cardiac arrest. No 
deaths or cases of pancreatitis were reported during 
the trial.

Discussion
In this open-label study, 12-week treatment with 

NGM282, an engineered FGF19 analogue, pro-
duced marked antifibrotic, antisteatotic, and anti-in-
flammatory activities in patients with NASH. High 
response rates were observed in patients with biop-
sy-confirmed NASH, 50% (NGM282 1 mg) to 68% 
(NGM282 3 mg) of whom achieved significant histo-
logical improvement (reduction in NAS of 2 or more 
points with no worsening of fibrosis or improvement 
in fibrosis with no worsening of NASH). Importantly, 
42% of the patients treated with NGM282 3 mg had 
a decrease in fibrosis score from baseline of at least 
one stage in 12 weeks. Moreover, all components of 
NAS (steatosis, hepatocellular ballooning, and lobular 
inflammation) improved significantly from baseline 
upon NGM282 treatment. NGM282 was generally 
well tolerated, with most treatment-related AEs being 
mild in severity.

Previous NASH trials have traditionally evalu-
ated histological outcome measures after a treatment 
duration of 48-96 weeks. The current study reports 
an effective longitudinal histological assessment of 
a 12-week therapy. To reduce the risk of unneces-
sary exposure of patients in the placebo group to two 
biopsy procedures in short succession, we conducted 
open-label enrollment with a central read on slides 
blinded to time points and compared our results to 
historical placebo responses from a meta-analysis of 
39 randomized controlled trials comprising 1,463 
patients with NASH.(18) A greater proportion of 
patients treated with NGM282 3 mg compared with 
historical placebo control had improvement in fibrosis 
(42% versus 21%), steatosis (74% versus 33%), hepa-
tocellular ballooning (53% versus 30%), and lobular 
inflammation (42% versus 32%). The mean change in 
these parameters was also greater in patients treated 

FIg. 5. Change in lipids over time. (A) Serum LDL-C and 
triglyceride levels over time in the NGM282 1 mg group. (B) 
Serum LDL-C and triglyceride levels over time in the NGM282 
3 mg group. Concentrations of LDL-C and triglycerides were 
measured at baseline (week 0) and weeks 2, 4, 6, 8, and 12 in 
patients treated with NGM282 1 mg or 3 mg. Shown are mean 
± SEM; ***P < 0.001, **P < 0.01, *P < 0.05 versus baseline by one-
sample t test.
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with NGM282 3 mg than historical placebo control 
(−0.5 versus −0.04, −2.3 versus −0.7, −1.1 versus −0.4, 
−0.7 versus −0.2, and −0.5 versus −0.2 for fibrosis, 
NAS, steatosis, ballooning, and inflammation scores, 
respectively).

Furthermore, we show that NGM282 produced 
rapid and sustained improvement in liver imaging 

parameters, potent target engagement as demon-
strated by decreases in C4 and bile acids, and signifi-
cant reductions in ALT, AST, and noninvasive serum 
fibrosis biomarkers (Pro-C3 and ELF score). At pres-
ent, liver biopsy, however imperfect due to its invasive 
and heterogeneous nature, remains a valuable end-
point in NASH trial design and approval. Although 

FIg. 6. Change in key parameters in histological responders and nonresponders in the NGM282 3 mg group. (A) Pro-C3. (B) 
ELF score. (C) cT1. (D) Liver fat content by MRI-PDFF. (E) C4. (F) ALT. Histological response is defined as 2-point or greater 
improvement in NAS without worsening of fibrosis or improvement in fibrosis of one stage or more without worsening of NASH 
(defined as no increase in NAS for ballooning, inf lammation, or steatosis). Shown are mean ± SEM; P values by one-sample t test. 
Abbreviations: BL, baseline; W, week.
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the short-term (12-week) repeat liver biopsy was well 
tolerated with no complications related to liver biopsy 
in experienced centers in the current study, noninva-
sive imaging and biochemical and molecular parame-
ters, such as Pro-C3, ELF, and cT1, are in urgent need 
of identification and validation in order to replace his-
tological procedures in the future.

A lipid management approach was adopted in the 
current trial by coadministration of rosuvastatin,(13) 
given that serum cholesterol concentrations increased 
more in the NGM282-treated patients. Although we 
cannot discount any effect of statin on the outcome 
of NASH, data suggest that statin has a small effect 
on histological endpoints including fibrosis stage 
and NAS. In a randomized, double-blind, placebo- 
controlled trial, treatment of patients with biopsy-proven 
NASH with simvastatin for 12 months resulted in no 
histological improvement in stage of fibrosis, steatosis, 
or necroinflammatory activity, although a 26% reduction 
in LDL-C was seen in the simvastatin group compared 
with placebo.(19) Another study showed that treatment 
with rosuvastatin for 24 months had no effect on fibro-
sis stage or NAS despite significantly improving the 
lipid profile.(20) Overall, statins appear to be a safe and 
effective approach for managing NGM282-associated 
cholesterol changes.

The magnitude of benefit from NGM282 treat-
ment, as measured by reduction in NAS and fibrosis 
scores from baseline to week 12, compares favorably 
with those in other trials of much longer duration. 
The mean changes in NAS was −2.2 (SD, 1.8) after 
12 weeks of NGM282 3 mg treatment, compared with 
−1.7 (SD, 1.8) for obeticholic acid (72 weeks),(14) −1.3 
(SD, 1.6) for liraglutide (48 weeks),(15) −1.9 (SD, 2.1) 
for vitamin E (96 weeks),(21) and −1.9 (SD, 1.8) for 
pioglitazone (96 weeks).(21) A similar or greater pro-
portion of patients receiving NGM282 3 mg achieved 
fibrosis improvement (42% in 12 weeks of treatment 
duration) compared to those previously reported 
with obeticholic acid (35% in 72 weeks),(14) liraglu-
tide (26% in 48 weeks),(15) selonsertib (30%-40% 
in 24 weeks),(22) cenicriviroc (20% in 52 weeks),(23) 
simtuzumab (18%-19% in 96 weeks),(24) and MGL-
3196 (29% in 36 weeks).(25) Our data strengthen the 
notion that the farnesoid X receptor (FXR) mecha-
nism may be largely dependent on the induction of its 
target gene FGF19.

The pathogenesis of NASH is believed to involve a 
multitude of mechanisms, including insulin resistance 

underlying the metabolic syndrome, lipotoxicity 
attributable to the accumulation of lipids and lipid 
metabolites, and the infiltration of proinflammatory 
cells causing hepatic injury.(26) Emerging studies 
have identified bile acids as an important risk factor 
for chronic liver diseases including NASH.(4) When 
accumulated within hepatocytes, bile acids can cause 
hepatic stellate cell activation, mitochondrial dysfunc-
tion, and endoplasmic reticulum stress, leading to cell 
death, inflammation, and liver injury.(4) NGM282 
targets the FGF receptor 4 (FGFR4)-KLB receptor 
to inhibit CYP7A1, the key enzyme catalyzing the 
classical pathway of bile acid synthesis. Given this 
mechanism of action, our results suggest that the 
reduced bile acid pool may contribute to additional 
anti-inflammatory, antifibrotic benefits beyond those 
associated with liver fat reduction. Of note, levels of 
ALT and AST decline very rapidly, as early as the 
first 2 weeks on NGM282 therapy (ALT, −41% and 
−37% in the NGM282 1 mg and 3 mg groups, respec-
tively; AST, −33% and −26% in the NGM282 1 mg 
and 3 mg groups, at week 2), likely before the disap-
pearance of the liver fat. Despite the relatively short 
duration of this trial, 42% patients in the NGM282 
3 mg group had histological improvement in fibro-
sis. The regression of fibrosis was more substantial 
among patients with advanced fibrosis, with 3 of the 
10 (30%) patients who were F3 at baseline achiev-
ing a two-stage fibrosis reduction. The benefit of 
NGM282 therapy on the biochemical, imaging, and 
histological outcomes, with significant improvement 
in fibrosis in addition to NAS, adds to the weight of 
evidence supporting that bile acids may indeed be a 
driver of inflammation, injury, and fibrosis in patients 
with NASH. In this context, bile acids may be a direct 
contributor to the pathophysiology of NASH rather 
than merely a marker of a diseased liver. Overall, the 
observed histological benefit of NGM282 is probably 
a consequence of its cumulative hepatic and systemic 
actions in modulating bile acid metabolism, decreas-
ing fatty acid synthesis and de novo lipogenesis, and 
improving insulin sensitivity.(11)

Levels of Pro-C3, ELF, and cT1 had greater reduc-
tions in patients with histological response compared 
with nonresponders. However, the effect of NGM282 
on certain biochemical and imaging outcome measures 
(ALT, AST, liver fat content) in histological responders 
was similar in magnitude and direction to that observed 
in nonresponders. Although C4 was suppressed to a 
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similar degree in histological responders and nonre-
sponders, a greater reduction in C4 was observed in the 
NGM282 3 mg group than the 1 mg group, which had 
a less profound fibrosis regression. Furthermore, the 
12-week treatment duration may not yet capture the 
full benefit of the intervention and that nonresponders 
from a 12-week study may become responders after 
24-48 weeks of treatment. Future investigations on the 
genetic status of patatin-like phospholipase domain 
containing 3 p.I148M,(27) HSB17B13,(28) and FGFR4 
p.G488R(29) may shed light on patient response, given 
that single-nucleotide polymorphism variants in these 
genes are associated with risk of developing chronic 
liver disease including NASH and increased hepatic de 
novo lipogenesis in humans.

Despite strong anti-inflammatory activity as 
demonstrated by the rapid decline in ALT and AST 
levels, the rate of NASH resolution with the 12-week 
NGM282 therapy is low (12% and 10% in the 1 mg 
and 3 mg groups, respectively). Seven patients (3 and 
4 in the 1 mg and 3 mg groups, respectively) reached 
a ballooning score of 0 at week 12 from a score of 2 at 
baseline; however, 4 of the 7 patients (57%) still had an 
inflammation score of >1 and therefore did not meet 
the criteria for NASH resolution. Explaining this phe-
nomenon may require a more granular understanding 
of the mechanism of fibrosis resolution. Immune cells 
represent an important component of the liver micro-
environment, providing a defense against pathogens, 
a mechanism for tissue repair and regeneration, as 
well as a clearance process during fibrosis regression. 
Ramachandran and colleagues reported that the pres-
ence of “restorative macrophage,” phagocytic Ly6Clow 
cells that do not conform to the traditional M1-M2 
paradigm is a feature of fibrosis regression(30); and 
there is evidence for intrahepatic aggregates of T 
and B cells in response to antiviral treatment.(31) It 
is possible that in NGM282-treated liver, histological 
improvement in inflammation may not yet be visible 
beneath the background of immunoreparative activ-
ities during fibrosis regression. Future studies should 
examine distinct subsets of intrahepatic immune cells 
by immunohistochemistry or immunofluorescence 
staining and whether longer duration of NGM282 
treatment would improve NASH resolution.

This study has a number of strengths. First, it 
reports the longitudinal change in NASH histology in 
response to a therapeutic agent in 12 weeks. The study 
design addressed the most relevant clinical question 

in NASH, according to the American Association 
for the Study of Liver Diseases and the European 
Association for the Study of the Liver guidelines—
namely, the histological changes in NAS and fibrosis 
that are used for the diagnosis of NASH. Second, it 
reports the effect of an FGF19 analogue on liver his-
tology in patients with NASH. Given the continued 
interest in bile acid and FGF19 biology, our results 
affirm that modulating the FGF19-FXR axis has great 
potential as therapy for liver diseases. Third, given the 
intravariability and intervariability in the assessment 
of liver biopsies, we had a NASH CRN liver pathol-
ogist, blinded to treatment time sequences and sub-
ject information, perform rigorous central assessment 
and confirmation of randomized liver biopsies at final 
reading to reduce bias that might have resulted from 
knowledge of time points. Fourth, we included the 
use of innovative, noninvasive imaging methods such 
as MRI-PDFF and cT1 to evaluate changes in liver 
fat content, inflammation, and fibrosis, in addition to 
histological evaluation. We simultaneously evaluated a 
range of histological, imaging, biochemical, and serum 
fibrosis biomarkers, all in 12 weeks. This represents 
a continued evolution in the design of NASH trials, 
incorporating modern clinical science alongside reg-
ulatory approvable endpoints. The state-of-the-art 
imaging systems (MRI-PDFF and LiverMultiScan) 
used in this trial evaluate areas of the liver much 
larger than biopsies, providing an accurate and holistic 
assessment of liver health. All centers were required to 
demonstrate proficiency in image acquisition accord-
ing to standardized protocol on qualified instruments. 
The central evaluation of the images of MRI-PDFF 
and LiverMultiScan blinded to subject, clinical, lab-
oratory, and histological information allow a more 
objective and complete characterization of NASH. 
The robustness of reductions in liver fat content and 
cT1 values, coupled with consistent decreases in lab-
oratory parameters (ALT, AST) and improvements in 
fibrosis biomarkers (ELF, Pro-C3), supports the valid-
ity of the principal findings. Lastly, 49% of patients 
with paired biopsies in this trial had advanced fibrosis 
(F3/F4) at baseline, a population that contributes dis-
proportionately to the disease burden and cost of care 
and that is in urgent need of therapy.

An important limitation of the present study is 
the lack of a placebo group. While the results from 
this study are encouraging, it should be noted that 
in short-term trials such as ours with a 12-week 
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treatment period, patients are more susceptible to 
the Hawthorne (placebo) effect due to frequent 
office visits, regular monitoring, and associated 
behavior change.(32) The lack of a placebo-controlled 
arm was due to ethical concern to perform serial 
liver biopsy after only 12 weeks in placebo-treated 
patients. Although the effects of NGM282 on his-
tological outcome measures compare favorably to 
other studies, we should note that comparison with 
historical placebo rates or other trials is of limited 
value due to heterogeneity between studies, includ-
ing patient population, study design, study duration, 
and the inherent sampling variability associated 
with the liver biopsy procedure. The open-label 
design of the study and small sample size require 
that a larger group of patients be evaluated in a pla-
cebo-controlled trial, given that durable efficacy of 
therapeutics is of particular importance for the treat-
ment of a chronic disease such as NASH. The prag-
matic design in the current trial about biopsy read 
by local pathologists to assess enrollment eligibility 
led to unavoidable discordant interpretations due to 
interobserver variability, as it did in other NASH 
trials. Some patients were actually F4 or NAS = 3 at 
baseline despite inclusion criterial specifying F1-F3 
and NAS ≥4 for enrollment. Further sensitivity 
analysis of histological outcome measures excluding 
these patients did not alter the principal conclusions 
regarding histological improvements. Lastly, rosu-
vastatin was administered to manage NGM282-
associated cholesterol elevation. Although statins 
have been shown not to affect fibrosis stages in 
patients with NASH, we cannot exclude the pos-
sibility that statins might have some influence on 
the trial results. Despite these limitations, this trial 
builds on and adds to the accumulating evidence 
that the use of an FGF19 analogue in patients with 
NASH not only results in lower liver fat content 
and transaminases but also leads to reverse matrix 
remodeling, as indicated by improvements in histo-
logical endpoints.

NASH now afflicts approximately 6% of the 
global population. This high burden represents 
one of our most urgent and most neglected global 
health crises, with broad impact on public health. 
Developing therapeutics for NASH poses a vex-
ing challenge for clinicians and researchers, which 
requires invasive procedures and lengthy trials. 
Fibrosis regression is generally presumed to take a 

long time; however, our results demonstrate that it 
is possible to shift the needle on fibrosis in a very 
short period (12 weeks). Longer-term intervention 
may further enhance the histological improvements 
observed in the current study. Further studies are 
needed to determine whether histological improve-
ment observed in this study can translate into 
benefits in clinical outcome, such as prevention 
of progression to cirrhosis and its complications. 
A phase 2b, randomized, double-blind, placebo- 
controlled, 24-week paired biopsy study in patients 
with NASH is enrolling patients.

In conclusion, 12-week treatment with NGM282 
resulted in improvements in histological outcomes, as 
evidenced by reductions in NAS and fibrosis scores, in 
patients with NASH.
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