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Abstract: Non-alcoholic fatty liver disease (NAFLD) and alcohol-related liver disease (ALD) are highly

prevalent forms of chronic liver diseases globally, associated with rising all-cause morbidity and mortality.

While distinct diseases, NAFLD and ALD share several similarities; both can result in fatty liver disease,

steatohepatitis, associated hepatic fibrosis and cirrhosis-related complications, including hepatocellular

carcinoma (HCC). Our understanding of the pathophysiology and manifestations of these diseases has

advanced significantly, which has established a new foundation to identify therapeutic targets and test new

treatments. This review underscores emerging pathogenic pathways that establish a template for target

identification and clinical trials. Success is critically dependent upon productive interactions between

academic investigators and industry to address unmet therapeutic needs in NAFLD and ALD.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) (1) and alcohol-
related liver disease (ALD) have a rising prevalence worldwide
(1,2); both can lead to similar complications including
end-stage liver disease, increased risk of cardiovascular
disease (3), and hepatocellular carcinoma (HCC) (3,4).
Together, they are the most common indication liver
transplantation (5,6). While the precipitating factors
for NAFLD and ALD are different, there is significant
overlap between these disease (7-9), and when they co-exist
the progression of disease is accelerated. Both disorders
share common pathways resulting in hepatic steatosis,
steatohepatitis (SH) and activation of inflammatory and
fibrogenic pathways. In this review we define emerging
pathogenic pathways and their translation to new
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therapeutic targets that are being evaluated in clinical trials.
Success is critically dependent upon productive interactions
between academic investigators and industry to address
unmet therapeutic needs in NAFLD and ALD.

Why is there so much interest in nonalcobolic steatobepatitis?

The NAFLD and obesity epidemics are rising and
inextricably linked. NAFLD, comprising both non-
alcoholic fatty liver (1) and non-alcoholic steatohepatitis is
present approximately 65-90 million adults in the United
States (10) (20-30% of the population) and is recognized
as a leading cause of HCC (11), and is likely to become
the most common indication for liver transplantation
in the coming years (12). Nonalcoholic steatohepatitis
(NASH), characterized by inflammation and hepatocyte
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damage (11) is the progressive form of the disease, typically
associated with fibrosis and cirrhosis. NASH accounts
for 20-30% of the NAFLD population of which 4-6%
can progress to cirrhosis, but this percentage is likely an
underestimate because the disease is not easily diagnosed,
typically asymptomatic, and up to 30% of affected patients
have normal liver enzymes. The prevalence of NASH in
the United States is projected to grow from 20% to 27%
from 2015 to 2030. Furthermore, 20% of these cases will
have advanced fibrosis or cirrhosis (F3/F4), associated with
accelerated disease (13), increased risk of liver and non-liver
related mortality (14,15) and rising economic burden (16).

The development of highly efficacious direct acting
antiviral agents that cure >95% of chronic hepatitis C
(CHC), coupled with aggressive efforts to eliminate
hepatitis C by 2030 (16), have led to a dramatic refocusing
of drug development efforts towards treatments for NASH
and associated fibrosis. There are over 100 registered
clinical trials for NASH in different phases of development.
Both pharmaceutical and biotech companies with successful
histories of drug development for viral hepatitis have
shifted their focus towards NASH, while those companies
with programs in cardiometabolic disease are leveraging
the interconnection between NASH, obesity and type 2
diabetes (T2DM). Because there is a strong association
between the stage of fibrosis and both liver and all-cause
morbidity and mortality, anti-fibrotic agents independent of
etiology are also rapidly emerging, with the goal of halting
fibrosis progression to prevent the development of cirrhosis
and its complications. The surge in prevalence of NAFLD
has precipitated an urgent interest by clinicians, basic and
translational investigators to work closely with industry
in order to increase disease awareness, refine diagnostics,
optimize clinical care pathways and, most importantly,
address the unmet need to develop therapeutic targets that
ameliorate or steatohepatitis and fibrosis.

Why is there a beightened focus on alcobol-related liver

disease?

ALD encompasses a spectrum of alcohol-related diseases
that includes alcoholic steatosis, alcoholic steatohepatitis
(ASH) and advanced ALD characterized by alcoholic
hepatitis (AH), cirrhosis and consequent complications
(hepatic encephalopathy, jaundice, portal hypertension
related complications and HCC). Because its clinical
presentation can vary greatly, the true disease burden
of ALD is likely to be underrepresented by current
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prevalence estimates. ALD is typically under-reported
by patients because of the associated social stigma, and is
often undiagnosed as a co-morbid etiology in conjunction
with other chronic liver diseases. With that in mind,
ALD accounts for up to 48% of cirrhosis-related deaths
in the United States (17). Alcohol-related mortality
remains the fourth leading preventable cause of death in
the United States (17). In a 2016 report, ALD was the
leading indication for liver transplantation (18), and a
2018 US-population-based study demonstrated increasing
alcoholic cirrhosis-related deaths in individuals aged 25
to 34 years (3). In a recent analysis of the National Health
and Nutrition Examination Survey (NHANES) database
from 2001 to 2016, there was a stable prevalence of ALD
of 43% (95% CI, 3.5-5.0%) to 4.7% (95% CI, 4.2-5.1%)
(P=0.69), but increased prevalence of those with stage two
fibrosis, from 0.6% (95% CI, 0.5-0.8%) to 1.5% (95% CI,
1.3-1.8%) (P <0.001), and those with stage 3 fibrosis or
higher, from 0.1% (95% CI, 0.02-0.10%) to 0.2% (95%
CI, 0.2-0.4%) (P=0.045) portending a growing burden of
ALD in the near future (19).

Although ALD has been recognize for centuries,
therapies remain outdated and inadequate, with current
recommendations largely based on studies performed
decades ago. Alcohol abstinence remains the most effective
therapy to reverse ALD (20,21). Early liver transplantation
has been effective in selected patients with acute AH
with both short and long-term mortality benefits (22,23),
but this is not feasible for the large majority of ALD
patients. As a result, there is a growing interest from
regulatory agencies, industry and clinicians to develop
effective pharmacotherapies for ALD, in combination with
community-based approaches to reduce alcohol-dependency
and associated morbidities.

What bave we learned so far?

NASH has a highly variable clinical course, with some
patients demonstrating spontaneous regression while
others progressing inexorably to advanced fibrosis. As a
result, designing clinical trials is challenging. The inclusion
criteria for NASH clinical trials has evolved from scoring
systems that quantify pathologic elements of the disease,
towards assessments that rely on evidence of steatohepatitis
resolution and/or improvement in fibrosis. Liver biopsy
remains the gold standard for diagnosing NASH despite
its limitations, invasive nature, and sampling variability.
Clinical proof-of-concept studies can increasingly define
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NASH using surrogate markers (e.g., FIB-4, NAFLD
fibrosis score), combined with risk factors that increase
the likelihood of having NASH (e.g., type 2 diabetes and
obesity) and/or imaging technologies including vibration
controlled transient elastography (VCTE) to assess liver
stiffness and hepatic steatosis, magnetic resonance imaging
proton density fat fraction (MRI-PDFF) to assess fat and
multiparametric MRI to detect changes associated with
inflammation and fibrosis. There is intense interest in
developing additional surrogate endpoints to measure
improvement in NASH and fibrosis (noninvasive serological
biomarkers of fibrosis such as cytokeratin-18 (CK-18) and
European Fibrosis Panel (ELF), among others. However,
validating these non-invasive endpoints in order to supplant
biopsy in Phase 2b and 3 trials remains challenging, and
these later-stage clinical trials still rely on histologic
endpoints. There are ongoing efforts to standardize the
definition and staging of NASH using both non-invasive
and biopsy-based endpoints. Achieving histological
improvement in Phase 2a trials is difficult because these
studies are more commonly short term (e.g., 12-16 weeks).
As a result, efficacy predicted using non-invasive surrogates
does not always translate into biopsy-based improvements
in longer-term trials.

Ultimately, the effectiveness of NASH therapies will be
measured by the impact on liver-and all-cause mortality,
which is primarily driven by presence of advanced fibrosis
and cirrhosis. Detecting a 1-stage change in fibrosis may
require up to 7 years. Thus, even if drugs are approved
based on histologic improvement, long term success,
and therefore long-term drug approval, will be defined
by demonstrating improvement in how a patient feels,
functions and/or survives. The evolving landscape for
drug evaluation is captured by a recent Food and Drug
Administration (FDA) guidance in NASH clinical trial
design (24,25).

A major obstacle in assessing effectiveness of NASH
therapies has been the high placebo response in clinical
trials, as well as unexpected negative results from potential
therapies that showed promise in earlier stages of drug
development (26). The placebo response varies depending
on the surrogate endpoint being evaluated, but likely
reflects in part the impact of inadvertent lifestyle changes
among placebo recipients. In a recent meta-analysis of
39 clinical trials, placebo was associated with 2 or more
points improvement in NAS in 25% (95% CI, 21-29%)
of patients, with similar results in an analysis restricted to
patients with no worsening in fibrosis. Similarly, 30% of
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placebo-treated patients had at least 1-point improvement
in individual components of NAS and fibrosis stage
improved in 21% of placebo-treated patients (27). It is
important to clarify the basis for the high placebo response
when designing clinical trials by enriching for patients
with more advanced disease using evolving non-invasive
surrogates.

Much like in NAFLD, clinical trial design in ALD is
challenging due to the variability of disease presentation and
natural history, lack of non-invasive or serological testing for
diagnosis and staging, and uneven patient follow-up. Clinical
trials and approved therapies focus on AH, a subset of ALD
associated with significant morbidity and mortality. Liver
transplantation and corticosteroids are the only approved
therapies. The end-points achieved with corticosteroid
therapy are typically short, (e.g., 28-day and 6-month
mortality) (28,29) (30), with variable long-term mortality
benefit among corticosteroid recipients (31). The lack of
standardized criteria for defining early and intermediate
stages of ALD further compounds the difficulties in
conducting clinical trials, as these are typically based on
self-reporting of alcohol use. In contrast, clinical staging
methods for advanced ALD with AH are better validated
and may include specific quantitative variables. Regulatory
authorities recommend utilizing a second prognostic score
such as model for end-stage liver disease (MELD), age-
bilirubin-international normalized ratio-creatinine (ABIC),
Glasgow score or Lille score. The inclusion of liver biopsy
for AH studies is highly controversial, however biopsy can
exclude diseases that mimic AH (e.g., sepsis), but make it
more difficult to enroll patients in clinical trials because of
its high risk in very ill or unstable patients. Importantly,
placebo-controlled trials are necessary to evaluate the rigor
of a therapy, but withholding a known effective therapy
makes designing a placebo-controlled trial in ALD difficult
and unethical; thus, currently most therapies for AH require
a comparison to corticosteroids rather than placebo (32,33).

Therapeutic targets

NASH and ALD are driven by different etiologies, but
they share many clinical, pathological and histological
features. Both entities involve altered lipid metabolism,
hepatocyte apoptosis, activation of the innate immune
system and hepatic stellate cell activation, however they
are also distinguished by engagement of disease-specific
molecular signaling pathways and dysregulation of unique
microRNAs.
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Based on the pathophysiology of NASH, therapeutic
targets are categorized into three groups: (I) anti-
inflammatory; (II) anti-steatotic; (III) anti-fibrotic. Several
drugs in clinical trials display more than one of these three
activities. Furthermore, there is increasing interest in
leveraging anti-diabetic therapies for NASH given the co-
existence of both conditions in many patients, and the likely
contribution of T2DM to NASH pathogenesis. Because
even those drugs that show benefit only improve NASH
in a minority of patients, there is also increasing interest
in combination therapies that target multiple drivers of
NASH. Given the overlap between NASH and ASH, there
is also is a growing interest in exploiting shared pathways to
develop therapies for both diseases. In practical terms, most
agents are being tested first in NASH patients, with the
likelihood that those showing promise will be subsequently
evaluated in ALD.

Here we highlight several molecular targets in later stages
of clinical development, such as Phase 2 and 3 trials (7able 1).

Peroxisome proliferator-activated receptors (PPARs)

PPARSs are ligand-activated transcription factors of nuclear
hormone receptor superfamily comprising three subtypes:
PPARa, PPARy, and PPARB/S (57). They play a crucial
role in metabolic function and energy homeostasis; PPARa
reduces triglycerides and regulates energy homeostasis,
PPARy increases insulin sensitivity to promote glucose
metabolism and PPAR-B/8’s has a predominant role in
fatty acid metabolism. Thiazolidinediones (TZDs) are
PPAR-y ligands that are widely utilized in the management
of T2DM and also yield improvements in steatosis,
steatohepatitis and hepatic fibrosis (58,59). PPAR-y ligands’
efficacy is greater in patients with NASH and T2DM than
in those with NASH without T2DM, which needs to be
further explored (60). While TZDs are attractive NASH
targets, their appeal is limited by side effects of weight gain,
osteopenia, peripheral edema and fluid retention.

Elafibranor, a selective dual PPAR-a/3 agonist, devoid of
PPAR-y effects, is a promising metabolic target for NASH.
It is liver-targeted with little or no activity in skeletal
muscle; the PPARa component improves insulin sensitivity
and lipid homeostasis by increasing fatty acid oxidation and
PPAR-$ exerts an anti-inflammatory effect. In a post-hoc
analysis of a phase 2b trial, the drug improved metabolic
features of NASH and has a favorable cardiometabolic
profile (34). It is currently being tested in phase 3 trial:
RESOLVE IT (NCT02704403).
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Thyroid hormone receptor-beta agonist

Thyroid hormone receptor (56) signaling regulates
organogenesis, growth and differentiation, regulation of
energy and metabolism, and lipid and glucose homeostasis.
The THRa subunit is primarily expressed in the brain,
skeletal and cardiac muscle, and is responsible for
thyrotoxicosis effects, while the B subunit is expressed in the
liver, brain and kidneys, and predominantly responsible for
metabolic regulation. Both subclinical hypothyroidism and
hypothyroidism are more prevalent in NAFLD patients,
(61-63) and the liver-focused effect of thyroid hormone
receptor-beta (THRP) subunit makes THRP agonists
attractive therapeutic prospects for metabolic syndrome,
NAFLD and even HCC (64). Human studies have shown
that THRP agonist activation can result in the breakdown of
fatty acids and ameliorate mitochondrial function to reduce
lipotoxicity to significantly reduce low-density lipoprotein
(LDL), triglycerides (T'G) and hepatic steatosis (35,65,66).

MGL-3196 and VK2809, both selective THRP agonist
have been targeted in NASH specifically to focus on
reducing injury due to lipids, or ‘lipotoxicity’. MGL-3196
was studied in a 36-week randomized, double blind placebo
controlled phase 2 trial in patients with NASH, with
reduction in hepatic steatosis (HS) measured by MRI-PDFF
as a primary endpoint and impact on NASH, liver enzymes,
indirect fibrosis biomarkers and lipids as a secondary
endpoints at weeks 12 and 36. There was a significant
reduction in hepatic steatosis in patients treated with MGL-
3196 compared to placebo (36% at 12 weeks and 37% at
36 weeks with lower dose; 42% and 49% respectively with
higher dose therapy, and 8% and 10% respectively with
placebo). Secondary endpoints of improvement in lipid
profile, liver enzymes and NASH histological endpoints
were also achieved in the treatment arms compared to
placebo. The greatest effect on NASH endpoints occurred
in those patients who achieved a >30% fat reduction
measured by MRI-PDFF (37% in MRI-responders versus
4% in MRI-non-responders, P=0.001) (67,68).

VK2809, a selective THRp agonist, like MGL-3196
is also being evaluated in NASH. In a 16-week Phase 2
randomized placebo-controlled trial, NAFLD patients were
identified by MRI-PDFF >8% and LDL-C >110 mg/dL,
with a primary endpoint of change in LDL-C, secondary
endpoints including a change in hepatic fat measured by
MRI-PDFF and effects on other atherogenic lipoproteins.
There was a significant reduction in placebo adjusted

percentage change in LDL-C at week 12 in both VK2809
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arms (-23.6% in every other day arm and -20.2% in the
daily arm). VK2809 led to a relative reduction of 56.5%,
59.7% in hepatic fat following either every-other-day or
daily administration at week 12 compared to placebo (8.9%).
In addition, there were significant reductions in lipoprotein
a and apolipoprotein B in both VK2809 arms compared to
placebo (36). MGL-3196 is moving forward with phase 3
clinical trial (NCT03900429) and VK2809 is planned for a
phase 2B study.

Bile acids and their pathways

Bile acids are synthesized from cholesterol in hepatocytes,
then secreted into the bile canaliculi with other constituents
of bile including water, cholesterol, bilirubin, phospholipids
and inorganic salts. Bile acids have a well-established
role in cholesterol homeostasis and lipid digestion via
emulsification of lipids in the small intestine (69). In more
recent years, nuclear (farnesoid X receptor, FXR), and
transmembrane (Takeda G-protein coupled receptor clone
5, TGRS5) receptors for bile acids have been discovered,
greatly advancing our understanding of the endocrine and
paracrine functions of bile acids (70). Bile acids are potent
signaling molecules that play roles in glucose metabolism,
lipid metabolism, inflammation and liver fibrosis. These
emerging roles of bile acids as signaling molecules have
been exploited for clinical use through the development
of synthetic ligands that activate nuclear receptors, in
particular the farnesoid X receptor (FXR)

Among FXR ligands, 6-ethyl chenodeoxycholic acid
(6-ECDCA), more commonly known as obeticholic acid
(OCA) or INT-747, is the best studied selective FXR agonist,
with hepatoprotective and anti-cholestatic activity (71).
OCA is a bile acid with 100-fold greater affinity for FXR
than chenodeoxycholic, the natural ligand for FXR and
has reduced TGRS activity (72,73). Early phase 2 human
studies demonstrated improvements in insulin sensitivity,
GGT, weight and increases in fibroblast growth factor 19
(FGF 19, a downstream target of FXR) after six weeks of
treatment (37) with improvements in insulin sensitivity as
the primary endpoint. Larger, longer studies reinforced
its potential efficacy. In particular, the phase 2b FLINT
study, relied on liver biopsy with improvements in liver
histology as the primary endpoint after 72 weeks of therapy
(38). In the FLINT trial, OCA achieved greater NASH
resolution and improvements in fibrosis in non-cirrhotic
patients with NASH compared to placebo-treated patients.
OCA treatment was associated with increases in total
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serum cholesterol and LDL cholesterol, a decrease in HDL
cholesterol and more pruritus compared to patients receiving
placebo (38). Subsequent studies have demonstrated that
atorvastatin can mitigate the increase in LDL cholesterol in
patients receiving OCA (39), and these medications were
safe and well tolerated when administered together. OCA
is currently being studied in a phase 3 trial in patients
with NASH and stage 2-3 fibrosis (REGENERATE,
NCTO02548351) with histological and liver-related
outcomes endpoints with an anticipated duration of 7 years.
Interim analysis of OCA in the REGERNERATE trial after
18 months of treatment (40) reinforces OCA’s antifibrotic
properties, with greater fibrosis improvement compared
to placebo (23.1% with OCA 25 mg; 17.6% with 10 mg
OCA and 11.9% in placebo patients. However, there was
no significant NASH resolution compared to placebo (40).
There was also dose-dependent pruritus, which required
drug discontinuation in 9% of patients. Studies testing OCA
in patents with compensated NASH cirrhosis are ongoing
(NCT03439254) utilizing a dose escalation approach.
Vigilance is being exercised in patients with cirrhosis
because of episodes of decompensation reported in patients
with primary biliary cholangitis (PBC) and cirrhosis that led
to a black-box warning, although these patients were given
doses in excess of those recommended in patients with
cirrhosis.

Tropifexor (TXR), a non-bile acid with high affinity
for the FXR receptor, can induce FXR target genes with
no significant TGRS activation (41). The compound
is currently in phase 2 trials for NASH and PBC
(NCT02855164 and NCT02516605 respectively). The
phase 2 trial, FLIGHT-FXR, is ongoing and planned for
48 weeks, and interim analysis was presented in 2018 (26).
Interim endpoints included ALT, GGT and liver fat content
on MRI-PDFF after 12 weeks of treatment. TXR elicited
pruritus at higher doses compared to placebo, with a dose
related increase in LDL cholesterol and decrease in HDL
cholesterol, similar to OCA’s effects. At 12 weeks there was
a relative decrease in liver fat content by MRI PDFE, with
-9.8% in placebo, -16.9% with TXR 60 pg, and -15.6%
with TXR 90 pg. There was also a dose-related decrease
in GGT and ALT (26). Further analysis demonstrated
that TXR’s effect was greater in patients with lower BMI,
suggesting that a weight-based dosing approach may be
necessary (43).

Cilofexor (GS-9674), a nonsteroidal, non-bile acid
FXR agonist has been investigated in a 24-week phase 2
trial for patients with NASH and stage 1-3 fibrosis. The
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initial findings demonstrated tolerability and no difference
in lipids compared to placebo (44). Additionally, total bile
acids and C4 were decreased, which are pharmacodynamic
markers of FXR activation. More importantly, there was
improvement in hepatic steatosis on MRI-PDFF that
was dose dependent with 39%, 14%, 12.5% of patients
achieving >30% decline in fat content for 100 mg GS-
9674, 30 mg GS-9674, and placebo, respectively. There was
also a statistical improvement of GGT. While there was
no difference in pruritus at the 30 mg dose compared to
placebo, there was more moderate to severe pruritus with
the 100 mg dose compared to placebo (44). Cilofexor has
also shown promising efficacy in treating primary sclerosing
cholangitis (PSC) with further planned for both NASH and
PSC (74).

FXR activation stimulates increased FGF 19 secretion
by the intestine, a key metabolic regulator that inhibits
gluconeogenesis, regulates bile acid synthesis via CYP7A1
and promotes glycogen synthesis (75). NGM282 is an
engineered analog of FGF 19 that is non-tumorigenic
through deletion of the mitogenic region of the molecule.
It inhibits de novo lipogenesis, improves insulin sensitivity,
lowers liver transaminases, and demonstrated antifibrotic
and anti-inflammatory properties in a murine model of
NASH (76). This initial data led to a phase 2 human
study testing a daily injection of NGM282 for 12-week
with pre-and post-treatment liver biopsies, based and
histologic improvement as a primary endpoint, compared
to a historical placebo. There was a significant reduction
in liver transaminases in both 1 and 2 mg treatment groups
within 2 weeks, which was sustained through the course of
treatment. Histologic improvements were seen with 3 mg
NGM282 daily compared to historic controls in steatosis
(74% versus 33%), inflammation (42% versus 32%),
ballooning (53% versus 30%) and fibrosis (42% versus
21%). No major adverse events were reported, but there
was an increase in serum cholesterol, and rosuvastatin was
administered to counteract this effect (45). Further studies

are underway in a phase 2b study for 24 weeks with varying
doses of NGM282 compared to placebo (NCT03912532).

C-C chemokine receptor types 2 and 5 antagonism

Inflammation in response to hepatic injury leads to
activation of monocytes and macrophages, which
produce inflammatory cytokines and chemokines that
trigger hepatic stellate cell activation with fibrosis (77).
Inhibiting this inflammatory, fibrogenic pathway was
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explored with cenicriviroc (CVC), a dual antagonist of
C-C chemokine receptor types 2 and 5. Murine NASH
studies demonstrated decreased serum transaminases
in mice treated with CVC at both 20 mg and 100 mg
daily dosing versus control. Additionally, there was less
collagen deposition in the liver in both CVC treatment
groups compared to control with a lower NAS in both
treatment groups compared to control (78). The phase
2b clinical trial, CENTAUR, in patients with NASH and
stage 1-3 fibrosis investigated CVC 150 mg daily versus
placebo for a year, with a primary endpoint of >2-point
improvement in NAS and no worsening of fibrosis at
year 1. While the primary endpoint was not met, there
was an improvement in fibrosis in patients treated with
CVC for 1 year: 20% of CVC patients had improvement
in fibrosis without worsening of steatohepatitis, while
only 10% of placebo were able to reach this target. This
was the first study to show improvements in fibrosis
without affecting steatohepatitis (48). Interestingly,
there was a lack of significant improvement in fibrosis
after 24 weeks of CVC, primarily because the placebo
response increased significantly, whereas the antifibrotic
effect was not increased further after 2 years of therapy
compared to one. A 12-month, phase 3 study of CVC,
AURORA (NCT03028740), in patients with NASH and
stage 2-3 fibrosis is underway, with primary outcomes
of biopsy improvement of fibrosis with no worsening
of steatohepatitis, and superiority of CVC compared to
placebo on the composite endpoint of cirrhosis, all-cause
mortality and liver-related clinical outcomes.

Granulocyte-colony stimulating factor (G-CSF)

The innate immune system plays a crucial role in NAFLD
and ALD, although each response is characterized and
dominated by activation of specific subsets of cells.
While monocyte and macrophage activation characterize
NAFLD pathogenesis, making CCR2/5 a potential NASH
therapeutic target, neutrophil activation is a key element
in alcoholic steatohepatitis (in addition to macrophages).
Neutrophil activation can create a proinflammatory milieu
(79,80), but simultaneously stimulate liver regeneration
by mobilization of hematopoietic stem cells and also
promote cellular repair (81-84). G-CSF purportedly
improves survival in severe alcoholic hepatitis (85) by
decreasing infection by improvement of immune paralysis
(86). G-CSF has shown promise in treating patients with
SAH who are non-responsive to current standard of care
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therapy with steroids (a Lille score >0.45 at day 7). A
recent Phase 2 double blind placebo controlled study
randomized 28 patients with histologically proven SAH,
non-responsive to Prednisolone, to G-CSF (12 doses of
300 pg in 28 days) or placebo. The 28-day mortality was
similar in both groups (21.4% in G-CSE, 28.6% in placebo;
P=0.26), but at 90 days there was a significant improvement
in the MELD (24.6+3.9 to 19.4+3.7 (P=0.002)) and lower
90-day mortality (35.7% versus 71.4%; P=0.04) in the
G-CSF treated group. Receiving G-CSF (hazard ratio,
0.37; SD, 0.14-0.98; P=0.04) and having a high baseline
creatinine (hazard ratio, 4.12; SD, 1.7-10.3; P=0.002) were
predictive of 90-day outcomes in steroid nonresponsive
SAH. G-CSF was well tolerated. INCT01820208) (56).

S-adenosylmethionine

S-adenosylmethionine is an antioxidant, the principle
methyl donor involved in methylation reactions in the
liver and crucial in glutathione (GSH) synthesis. Persons
with ALD have decreased SAM levels; thus, elevating
SAM levels could be a potential therapeutic target.
Both animal (87) and human studies (88) have previously
shown that increasing SAM levels improves liver injury
by potentially restoring GSH synthesis, hence decreasing
oxidative stress and hepatic stellate cell activation (89).
In a phase 2 controlled trial, patients with ALD were
randomized to 1.2 grams of SAM or placebo for 24 weeks.
While there was an improvement in aminotransferases and
hyperbilirubinemia, there was no significant improvement
in clinical outcomes, biochemical parameters or histological
features of ASH (55). The value of SAM in ALD remains
unclear, and long-term clinical trials would be needed to

establish its efficacy.

Apoptosis signal-regulating kinase 1 inbibitor (ASK1i)

Intracellular oxidative stress, especially from the endoplasmic
reticulum, can activate ASK1 which in turns leads to
phosphorylation of p38 mitogen-activated kinase and
c-Jun N-terminal kinase (JNK) resulting in regulation of
apoptotic and autophagic pathways which ultimately cause
hepatic inflammation and myofibroblast activation resulting
in fibrosis. (90). Hence, ASK1 Inhibition was an attractive
target to prevent the progression of NASH, and an ASK1
inhibitor, selonsertib was evaluated. Despite preclinical data
that the drug was effective in rodent models (91), and even
in a phase 2 study when combined with a lysyl oxidase
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2 inhibitor simtuzamab (49), selonsertib showed no efficacy
in two large phase 3 studies (50,51) and is no longer being
evaluated.

Selonsertib has also been investigated in severe alcoholic
hepatitis in combination with prednisone compared to
prednisone with placebo for 28 days in a phase 2 study (52).
Analysis at 7 days showed no difference in Lille response
score, and the 28 day response in MELD score, rate of
infection and mortality were similar (52). There was a
trend towards a higher rate of mortality in the selonsertib
and prednisone group (20.5%, 9/44) versus placebo and
prednisone group (6.1%, 3/49) that was not statistically
significant (P=0.061) after 8 weeks on trial (52). Thus, there
was no added benefit with selonsertib for the treatment of
severe alcoholic hepatitis in combination with prednisone.

Acetyl-coenzyme A carboxylase inbibition

De novo lipogenesis (DNL) is increased in patients with
NAFLD compared to both obese patients without NAFLD
and to healthy controls. The increase in DNL and elevated
peripheral fatty acids contribute to hepatic steatosis in
NAFLD (92). Additionally, impaired fatty acid processing
and trafficking can lead to lipotoxicity that manifests
as inflammation, apoptosis, necrosis, and ballooning of
hepatocytes (93). Acetyl-coenzyme A carboxylase (ACC) is
the rate limiting step in DNL and has 2 distinct isoforms,
ACCI and ACC2, with ACC1 localized in the cytoplasm and
ACC2 in mitochondria with both present in the liver (94).
Inhibition of both ACC1 and ACC2 in murine models
reduced hepatic steatosis, improved insulin sensitivity,
reduced weight gain and had a favorable lipid profile (85).
Thus, ACC inhibition is a logical target for steatosis and
lipotoxicity for patients with NASH. GS-0976, firsocostat,
a liver-targeted inhibitor of ACC1 and ACC2 has been used
for the treatment of NASH in a pilot study that showed that
after 12 weeks of firsocostat 20 mg, there was a decrease in
DNL, steatosis based on MRI-PDFF and markers of liver
injury (95). In a phase 2 study of firsocostat for 12 weeks
in NASH patients with stage 1-3 fibrosis, 48% of NAFLD
patients receiving 20 mg of firsocostat had a >30% relative
decrease from baseline MRI-PDFFE, 23% improved with
firsocostat 5 mg and 15% in the placebo group. The trial
also demonstrated decreases in markers of fibrosis and
liver chemistries (53). Additional studies have shown the
added benefit from the combination of firsocostat and the
FXR agonist cilofexor, leading to improvements in hepatic
steatosis, liver stiffness on MRE, liver biochemistries and
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biomarkers of fibrosis in patients with NASH and stage
2-3 fibrosis treated for 12 weeks (96). Phase 2 studies using
firsocostat in combination with the FXR agonist cilofexor in
NASH are still ongoing (ATLAS, NCT03449446).

Glucagon-like peptide-1 (GLP-1) analogues

GLP-1 analogues have a well-established role in type
2 diabetes and obesity as they lead to weight loss, reduction of
major cardiovascular events and improved glycemic control
with fewer hypoglycemic events (97,98). An initial pilot study
in NASH in Japan evaluated 19 patients who failed lifestyle
modifications and were given liraglutide 0.9 mg injections
daily for 24 weeks. Liraglutide was well tolerated in the
subjects and liver biopsy was performed on 10 subjects who
continued on liraglutide for 96 weeks, with improvements
in histological inflammation (99). Further analysis was
completed utilizing a small placebo-controlled study
where 1.8 mg injections of liraglutide were administered
daily for 48 weeks with a histologic endpoint of definitive
NASH resolution without worsening of fibrosis from
baseline to end of treatment. There continued to be weight
loss and better glycemic control in the group receiving
liraglutide versus placebo. Histological improvements
in ballooning and NASH resolution were demonstrated
by liver biopsy in a modified intention-to-treat analysis.
Thirty nine percent (9/23) of patients receiving liraglutide
demonstrated NASH resolution with 61% (14/23)
achieving improvements in hepatocyte ballooning versus
9% (2/22) and 32% (7/22) respectively with placebo (54).
Further studies using GLP-1 drugs are underway utilizing
a once weekly injection of semaglutide 2.4 mg for 48 weeks
in a phase 2 study, with fibrosis improvement on MRE as
the primary endpoint and histological improvement as a
secondary endpoint (NCT03987451). There are additional
studies investigating semagluride for the treatment of
NASH with varying daily dosing (NCT02970942) for
72 weeks with histologic endpoints. There are additional
plans for a phase 2 combination study with GS-9674
(Cilofexor) and GS-0976 (Firsocostat) NCT03987074).

Conclusions

In summary, the current climate for drug development
to treat NASH and ALD is vibrant and promising. The
sustained progress in elucidating the pathogenesis of these
diseases continues to promote a highly interactive dynamic
between basic, translational and clinical investigators, who
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are partnering with companies committed to developing
new approaches to managing these illnesses. Hopefully
affected patients and their caregivers will soon be the
beneficiaries of this ongoing partnership through improved
clinical outcomes, lifespan and quality of life.
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