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Abstract

Nonalcoholic fatty liver disease (NAFLD) represents a major
public health epidemic. Pharmacologic therapies for this
condition are scarce, but multiple agents with novel mecha-
nisms of action are in development. Here we review the
pathophysiology and natural history of NALFD, diagnostic
testing and data for currently available treatment strategies.
We then turn our attention to promising developmental drugs
and their respective trials. As the prevalence of fatty liver
disease increases, clinicians will have more tools at hand for
management of this condition. We conclude the horizon is
bright for patients and doctors who deal with NAFLD.
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Introduction

The importance of NAFLD cannot be overstated. It parallels
the obesity epidemic within the United States (US) and is the
most common hepatic disease in the western hemisphere.1

Currently the 3rd leading indication for liver transplant, by
2030, non-alcoholic steatohepatitis (NASH) is predicted to
become the most common reason for transplantation in the
US.2 With an explosion of novel therapies for hepatitis C virus
and a relative paucity of treatment options for the spectrum of
fatty liver disease, much attention has turned toward devel-
opment of NASH disease modifying agents and noninvasive
diagnostic tools. This article will review diagnostic options for
NAFLD and highlight both traditional and novel therapeutic
agents.

Natural history

First introduced in 1980, NAFLD is a relatively new concept.3

It is divided into non-alcoholic fatty liver (NAFL) and non-
alcoholic steatohepatitis (NASH) based on histologic findings.
Biopsies of NAFL may show macrovesicular steatosis with
lobular and periportal inflammation but do not demonstrate
cellular injury and fibrosis (steatohepatitis), which character-
izes NASH. NAFL has largely been considered benign, but
recent cohort studies show a high risk for progression to
NASH in up to 44% on serial biopsies at 5 years.4 NASH
causes progressive fibrosis that can lead to cirrhosis and hep-
atocellular cancer (HCC).

Patients with NAFL can be divided into primary (traditional
obesity, insulin resistance and metabolic syndrome) and
secondary causes (Wilson’s disease, parenteral nutrition,
medications), with primary causes being far more common.5

Patients with NASH may take a few years or decades to
develop cirrhosis, and many die of alternative causes before
progressing. Rate of progression does not correlate with body
mass index (BMI) or hyperlipidemia.6 Instead, risk factors for
more aggressive disease include the presence of diabetes,
Hispanic ethnicity, and microvesicular steatosis on biopsy.7

Left alone, NASH results in progressive fibrosis and is an
under-recognized cause of cryptogenic cirrhosis.8 Cirrhosis of
any kind is a risk factor for HCC, and cirrhosis from NASH is no
exception. Following the trend of obesity and metabolic syn-
drome, HCC is the fastest growing cancer type in the US.9

Epidemiology

NAFLD is associated with visceral obesity and diabetes. It has
mirrored the epidemiologic course of obesity in the US and
is detected in 73–90% of obese individuals on biopsy.10,11

About 1/3 of the US population are estimated to have NAFL.
By most estimates, NASH comprises about 15% of all NAFLD
and 3–5% of the American population. Hospitalizations for
NAFLD have increased by 97% since the year 2000.12

Pathophysiology

The pathophysiology of NAFLD is complex and includes
numerous genetic, dietary, metabolic and hormonal factors.
Although most experts theorize a two-hit model to explain
the progression from NAFL to NASH, new insight suggests
a multiple hit hypothesis.13,14 The first hit refers to insulin
resistance, resulting in increased fat accumulation within
the hepatocyte (steatosis). With the background of increased
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liver fat, hepatocytes are vulnerable to multiple pathophysio-
logic processes resulting in lipid oxidation, including impaired
hepatocyte apoptosis and cytokine activity.15 A genetic
basis for the first hit has been proposed, citing abnormalities
in lipid transporters and hormonal regulators, like leptin and
adiponectin, in certain populations.16 Dietary carbohydrate
intake, insulin resistance, metabolic syndrome, and certain
medications all inhibit the reduction of reactive oxygen
species (ROS) and represent potential “hits” in a susceptible
individual.17 Insulin resistance predicts fibrosis independent
of ethnicity, but although the prevalence of diabetes is highest
among African Americans, the burden of NASH most dispro-
portionately affects the Hispanic population. This line of
evidence suggests that insulin resistance is not the only var-
iable involved.18 Identification of various factors conferring
increased risk of the development of NASH has offered poten-
tial targets for treatment.

Diagnosis

The diagnosis of NAFLD has 3 requirements:
1. Demonstration of hepatic steatosis by imaging or

biopsy;
2. Exclusion of significant alcohol consumption, >30 g/day

for men and >20 g/day for women within the past years;
3. Exclusion of other causes of hepatic steatosis.19

In most patients undergoing evaluation, radiologic and
laboratory findings are sufficient to make the diagnosis of
NAFLD; however, liver biopsy is the gold standard for diag-
nosis of NASH.

Laboratory testing

In patients with suspected NAFLD, the serum aminotrans-
ferases are usually abnormal; however, the combination of
imaging consistent with hepatic steatosis and an elevated
alanine aminotransferase (ALT) raises concern for NASH. The
degree of liver enzyme elevation does not predict the degree
of hepatic inflammation nor fibrosis, and a normal ALT level
does not exclude clinically important histologic injury.20 The
aminotransferase levels are usually mildly to moderately ele-
vated and the ratio of aspartate aminotransferase (AST)/ALT
is often <1, but this ratio increases as the fibrosis advances.
Mildly elevated serum ferritin is common in patients with
NAFLD. Common alternative causes of hepatic steatosis,
such as alcoholic liver disease, hepatitis C, medications,
parental nutrition, Wilson’s disease, hemochromatosis, auto-
immune liver disease, lysosomal acid lipase deficiency and
severe malnutrition, must be excluded.21

Cytokeratin 18 (CK18)

Although not widely used in clinical practice, CK18 represents
a promising biomarker for assessment of the presence of
NASH. CK18 is a filament protein found in hepatocytes that is
released upon apoptosis. A defining feature of NASH is cell
death, and serum CK18 levels have been shown to correlate
with steatohepatitis in numerous trials, with a pooled sensi-
tivity of 78% and specificity of 87%, effectively differentiating
NASH from NAFL.22 Especially when utilized in high-risk indi-
viduals, CK18 can represent a cost-effective diagnostic tool.23

As the cost of the assay decreases, this test may find a foot-
hold in routine practice and mitigate the need for liver biopsy.

Imaging

Various imaging modalities can demonstrate fatty infiltration
of the liver, but no radiographic study to date has been shown
to differentiate between the histologic subtypes of NAFL and
NASH. Ultrasound often reveals a hyperechoic texture con-
sistent with fatty infiltration, having reported sensitivity and
specificity of about 85% and 94% for NAFL and NASH,
respectively.24 The sensitivity of ultrasonography decreases
in the case of obesity.25 Computed tomography (CT), mag-
netic resonance imaging (MRI), and magnetic resonance
spectroscopy (MRS) can identify steatosis but are not suffi-
ciently sensitive to detect inflammation or fibrosis.26 Unlike
CT and MRI, MRS allows for quantification of hepatic fat, and
may be particularly helpful in patients with small amounts of
hepatic steatosis.27

Noninvasive tests for liver fibrosis

Estimating hepatic fibrosis in an individual with NAFLD may
provide the clinician guidance as to the need for liver biopsy.
Multiple serologic tests have been shown as effective for
predicting fibrosis, and these include AST/ALT ratio, AST/
platelet ratio, BARD score, enhanced liver fibrosis panel,
fibrosis-4 (FIB-4) index, FibroTest (FibroSure), and fibrometer.
Serologic tests for fibrosis have an average sensitivity of 47%
and a specificity of 90%.28 Hepatic elastography (FibroScan
device, Echosens, Paris, France) is a rapid and non-invasive
measure of hepatic stiffness. For this procedure, a probe pro-
duces an elastic wave through the liver and the speed of wave
is measured 2.5 to 6.5 cm away from skin. This test is being
used more commonly as a proxy for liver biopsy and is reliable
for detection of the presence or absence of fibrosis, with a
sensitivity of 76% and specificity of 85%.29 This test is becom-
ing increasingly available, shows low intraobserver discord-
ance, and with proper training can maintain accuracy even in
obese patients.30 However, we maintain that patients with
NAFLD who are at increased risk for steatohepatitis or those
with competitive etiologies for liver disease should be consid-
ered for biopsy.

NAFLD activity score (NAS)

The NAS is a validated scoring system used to grade disease
severity in patients with NAFLD.31 The NAS is the sum of
the biopsy’s individual scores for steatosis (0 to 3), lobular
inflammation (0 to 3), hepatocellular ballooning (0 to 2),
and fibrosis (0 to 4). An NAS of 1 or 2 corresponds to NAFL,
3 or 4 corresponds to borderline NASH, and$5 corresponds to
NASH (Table 1).

Treatment

Although all patients with NAFLD should receive thoughtful
clinical and supportive care, patients with NASH should be
treated more aggressively, due to the natural course of this
disease. Traditional treatments for NAFLD have targeted
associated comorbidities, such as obesity, hyperlipidemia
and insulin resistance, with varying degrees of success.
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Lifestyle Changes

Despite the many therapeutic agents studied for the treat-
ment of NASH, there currently remains no FDA approved
regimen for this disease. Lifestyle modifications including
diet, exercise and weight loss remain the cornerstone of
NASH management. Several randomized trials have demon-
strated that successful lifestyle interventions focused on
healthy eating and exercise habits that yield subsequent
weight loss result in histologic improvement in NAS scores.
Promrat et al.32 showed that patients who were able to lose
7% of their baseline body weight had significant improve-
ments in steatosis, lobular inflammation, ballooning injury
and NAS score compared to those who did not lose weight.
Likewise, Belfort and Harrison33 demonstrated histologic
improvement in patients who lost 9% of their baseline
weight. Although weight loss of 5% resulted in improvement
in insulin sensitivity, it did not significantly improve the NAS
score. Based on these findings, we recommend a weight loss
goal of at least 5–10% over 6 months.

Unfortunately, achieving weight loss is not always tenable.
Aerobic and resistance training has been shown to improve
lipid profile in those with NAFLD, but when this regimen is
not accompanied by significant weight loss there appears to
be no improvement in NAS score.34 It appears that diets rich
in fruits, vegetables, low glycemic index items and high fiber
foods, with minimal saturated fats, simple carbohydrates
and sweetened drinks, (the Mediterranean diet) may be the
best universal recommendations for NAFLDpatients.35 Although
moderate alcohol consumption may have other beneficial
effects, we generally recommend alcohol avoidance for these
patients.

Bariatric surgery

Given the importance of weight loss, the effects of bariatric
surgery on the natural history of NAFLD have been reported
by numerous groups. Meta-analyses show that various bari-
atric surgical modalities yielding loss of 20% to 40% of
baseline BMI result in significant histologic improvement.36

Some patients experience complete resolution of NASH. The
data are promising, but are by nature descriptive and mostly
retrospective; moreover, controlled trials are lacking. A small
percentage of patients experience continued fibrosis despite
weight loss surgery. Given the lack of randomized control
trials, bariatric surgery cannot yet be recommended as first-
line therapy for the treatment of NASH; although, many
patients harbor alternative indications for weight loss surgery.

Liver transplantation

NASH is currently the third most common indication for liver
transplantation in the US and is predicted to become the most
common indication within the next two decades.37 From 2001
to 2009, the percentage of patients undergoing liver transplant
for NASH increased from 1.2% to 9.7%.38 Fortunately, NASH
patients appear to have excellent post-transplant outcomes.
Their survival rates at 1, 3 and 5 years following transplant
are higher than those for patients with HCC, hepatitis C virus
(HCV), alcoholic liver disease, acute hepatic necrosis, hemo-
chromatosis or cryptogenic cirrhosis.39 However, it should be
noted that death in NASH patients up to 10 years following
transplantation was most often due to cardiovascular
disease. Although more investigation is needed to under-
stand recurrent disease in these patients, cirrhosis from
NASH remains a class I-A indication for transplantation.

Medications

Orlistat

Given the evidence in support of weight loss therapy for the
treatment of NASH, agents for weight loss have been studied
for their potential role in the management of NAFLD. Orlistat
is a reversible lipase inhibitor and prevents enteric lipid
absorption. Harrison et al.40 compared orlistat to placebo in
55 obese patients with NASH; both groups were also treated
with vitamin E and dietary restriction for 36 weeks. The orli-
stat treatment did not result in significant weight loss com-
pared to placebo (8.3% vs 6.0%, p = 0.3) and both groups
were found to have improvement in insulin sensitivity, adipo-
nectin, steatosis, ballooning, inflammation and NAS scores
compared to baseline. When stratified according to weight
loss, those patients who had lost >5% of their body weight
exhibited improved insulin sensitivity and reduction in stea-
tosis, while those patients who had lost 9% of their baseline
body weight noted additional histological improvement in
ballooning, inflammation and NAS scores compared to those
who did not. The orlistat therapy was not associated with
improved clinical endpoints compared to placebo. In other
trials, orlistat has been shown to significantly decrease liver
enzymes and improve steatosis on ultrasound compared to
placebo.41 However, the beneficial effects in these trials
appear to be related primarily to weight loss rather than med-
ication exposure. It is not clear if orlistat yields sustained
long-term weight loss, and its use is limited by gastrointesti-
nal side effects. More well-powered studies are needed to
determine if orlistat has a role in the treatment of NASH.

Metformin

Given the association of insulin resistance and NAFLD, insulin-
sensitizing agents have garnered much interest in the man-
agement of the condition. Data for metformin have been

Table 1. NAS scoring system

Steatosis S score

<5% 0

5–33% 1

34–66% 2

>66% 3

Lobular inflammation L score

None 0

<2 foci/200 x 1

2–4 foci/200 x 2

>4 foci/200 x 3

Hepatocyte ballooning B score

None 0

Few ballooned cells 1

Many ballooned cells 2

NAS components: Grade = Total score: S+L+B. Range, 0–8.
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variable, with some studies demonstrating improvement in
aminotransferase levels and histology and others showing no
significant difference of any kind.42,43 Most data are limited by
small sample size or poor design, with non-controlled trials
existing in the literature.44,45 Even larger trials have failed
to demonstrate that metformin improves clinical outcomes
or liver histology, although it has appeared to influence circu-
lating hormones like adiponectin.46,47 Although metformin is
generally well tolerated, there is insufficient evidence at this
time to include it in our arsenal against NASH, however, one
systematic review concluded that in diabetic populations, it
may reduce the incidence of HCC and cholangiocarcinoma.48

Thiazolidinediones

Rosiglitazone and pioglitazone have been studied in a series
of trials for NASH. Due to increased cardiovascular adverse
events associated with rosiglitazone, pioglitazone is the only
accessible agent in the US. In the FLIRT trial, 1 year of treat-
ment with rosiglitazone demonstrated improvement in stea-
tosis and transaminase levels compared to placebo.49 A larger
study of 247 patients conducted over 2 years compared pio-
glitazone to vitamin E and placebo, with the primary outcome
of composite improvement on histology at 96 weeks.50 Piogli-
tazone showed a strong trend toward the primary outcome
but did not achieve statistical significance over placebo.
Vitamin E therapy, on the other hand, resulted in improved
histology compared to placebo. Pioglitazone did show benefit
in several independent subcategories including reduction in
steatosis, inflammation and hepatocyte ballooning, as well
as in AST/ALT levels. There is concern that histologic changes
associated with pioglitazone may not be sustained after dis-
continuation. In addition, a significant percentage of the piogli-
tazone group gained weight (avg 4.7 kg) compared to the
vitamin E or placebo group. Meta-analyses have shown that
pioglitazone improves inflammation (and steatosis) but has a
limited effect on fibrosis.51 The American Association for the
Study of Liver Diseases (AASLD) currently promotes the use of
pioglitazone in the treatment of NASH; however, we use it for
diabetic patients who have an additional indication, given the
limited evidence and long-term safety concerns.

Vitamin E

Oxidative stress is thought to be a key component in the
pathogenesis of NASH (i.e. the “second hit”) and has also
been targeted for therapeutic endeavors. In the PIVENS study
discussed above, vitamin E treatment resulted in statistically
significant improvement in steatohepatitis, serum transami-
nases and lobular inflammation. Although improvement in
fibrosis was not demonstrated, vitamin E therapy has a low
incidence of adverse events. Conversely, the TONIC trial did
not demonstrate sustained reduction in liver chemistries nor
improvement in histological features.46 Still, vitamin E is cur-
rently recommended at a dose of 800 IU/day for non-diabetic
adults with biopsy-proven NASH. It should be noted that one
large meta-analysis of 68 randomized clinical trials noted a
significantly increased risk of all-cause mortality for antioxi-
dant supplements including vitamin E; although, subsequent
meta-analyses have not drawn the same conclusions, and
the biologic mechanism for such an outcome is not well
established.52,53 We use vitamin E in nondiabetic patients
with NASH given its tolerability and effects comparable to
pioglitazone.

Statins

Dyslipidemia is closely associated with metabolic syndrome,
but the consequences of dyslipidemia in NAFLD have not been
well elucidated. In preliminary studies, atorvastatin appeared
to improve liver chemistries, as well as steatosis.54 As there is
no evidence to demonstrate serious risk of liver injury asso-
ciated with concurrent statin use in NAFLD, statins are an
important consideration for the management of dyslipidemia
in NAFLD patients.55 Moreover, statins have been associated
with a lower risk of HCC in patients with cirrhosis.56 Statins
are not recommended as primary therapy for NASH but
should be used in patients with concomitant dyslipidemia or
cirrhosis.

Omega-3 fatty acids

As with the other novel agents for the treatment of NASH, few
large, controlled studies exist which have thoroughly assessed
the effects of omega-3 fatty acids in the NAFLD population.
A recent meta-analysis conducted by Parker et al.,57 noted
improvement in hepatic lipid deposition without significant
change in liver chemistries. However, the results of the
WELCOME trial have been reported and indicate an improve-
ment in steatosis on MRS with 15–18months of treatment with
docosahexaenoic acid plus eicosapentaenoic acid compared to
placebo.58 All over-the-counter omega acids are not equal but
are generally well tolerated with minimal adverse side effects.
We believe there may be a role for omega acids in the treat-
ment of NASH, but further high quality studies are needed
before firm recommendations can be given. Numerous other
conventional agents, including ursodeoxycholic acid and
pentoxyfylline, have been tested for the treatment of NASH,
typically in small nonrandomized cohorts, and are not recom-
mended at this time.

Clinical trials/new pharmaceuticals

With few efficacious pharmacologic treatments for NAFLD and
NASH, attention has turned to the development of agents with
novel mechanisms of action. Targets of these pharmacologic
treatments include improving lipid metabolism and insulin
sensitivity in hepatocytes, decreasing hepatocyte death by
inhibiting apoptosis, and decreasing inflammatory responses
to injury. Most trials use the primary endpoint of improvement
in liver histology but secondary endpoints, including improve-
ment in transaminases, inflammatory markers and markers
of fibrosis, are of interest as well. See Table 2 for a list of
agents currently under investigation in human subjects for
the treatment of NAFLD and NASH.

Elafibranor

Elafibranor (GFT505) is a novel dual peroxisome proliferator-
activated receptor (PPAR) alpha/delta agonist, similar to the
thiazolidinediones, which are PPAR gamma agonists. PPAR
alpha/delta are nuclear receptors expressed highly in hepa-
tocytes with extensive enterohepatic circulation. They play a
major role in fatty acid transport, beta-oxidation, modulating
gluconeogenesis and inflammatory responses.59,60 In murine
models, treatment with elafibranor resulted in improvement
in liver dysfunction markers, decreased hepatic lipid accumu-
lation and inhibited pro-inflammatory and pro-fibrotic gene
expression. Mice also exhibited a decrease in the progression
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of established fibrosis, along with accelerated liver recov-
ery.61 In a recently published phase III randomized controlled
trial, Ratziu et al.62 compared elafibranor (80mg and 120mg)
to placebo administered over 1 year in patients with non-
cirrhotic NASH. The primary endpoint of resolution of NASH
without worsening of fibrosis on post-treatment biopsy was
not significant compared to placebo. However, a post-hoc
analysis of the modified secondary outcome (including a
stricter definition of NASH reversal) revealed a significant
improvement in the high-dose elafibranor group (19% vs.
12%, p = 0.045) compared to placebo. Subgroup analyses
demonstrated that patients with higher NAS scores (>4)
demonstrated greater improvement in histology in response
to 120 mg elafibranor compared to those with mild disease.
Liver function tests, lipid parameters and diabetic parameters
were improved in patients taking either dose of elafibranor.
Elafibranor was also well tolerated, although there was a
reversible increase in serum creatinine.

Obeticholic acid (OCA)

OCA is a synthetic variant of the natural bile acid chenodeox-
ycholic acid, and is a potent activator of the farnesoid X nuclear
receptor. It promotes insulin sensitivity and decreases hepatic
gluconeogenesis and circulating triglycerides.63 Mudaliar
et al.64 demonstrated that administration of OCA in patients
with diabetes and NAFLD increased insulin sensitivity and
reduced steatosis and lobular inflammation after only
6 weeks of therapy. Of note, this drug is the first pharmaco-
logic agent shown to reduce fibrosis. In the FLINT trial,
Neuschwander-Tetri et al.65 showed that 72 weeks of OCA
(25 mg) was superior to placebo in patients with biopsy evi-
dence of NASH (NAS >4). Forty-five percent of the patients in
the OCA treatment group had improved liver histology of 2
NAS points or greater compared to 21% in the placebo group
(p = 0.0002). However, the proportion of patients with com-
plete resolution of NASH did not significantly differ between
the two groups (22% vs. 13%; p = 0.08). Serum levels of ALT

Table 2. Summary of preclinical agents

Drug Mechanism of action Primary endpoint studied Results

Elafibranor
(GFT505)62

Dual peroxisome proliferator-
activated receptor (PPAR)
alpha/delta agonist = play
role in hepatocyte fatty acid
metabolism, modulating
gluconeogenesis and
inflammatory responses

NASH reversal without worsening
of fibrosis – evaluated by
post-treatment biopsy

Post-hoc analysis using a more
stringent response criteria
demonstrated a response rate of
19% vs. 12% when compared to
placebo (p = 0.045)

Obeticholic
acid (OCA)65

Potent activator of the farnesoid
X receptor and promotes insulin
sensitivity and decreased hepatic
gluconeogenesis and circulating
triglycerides

Improvement in NAS score by >2
points without worsening of
fibrosis – evaluated by
post-treatment biopsy

Improvement in NAS score by >2
points occurred in 45% of
patients taking OCA vs. 21% in
the placebo group (p = −0002)

Emricasan70 Irreversible pan-caspase
inhibitor avid in hepatocytes
preventing apoptosis of steatotic
hepatocytes, resulting in
decrease fibrotic properties

Phase 2 clinical trial – “evaluate
the effect of emricasan in
subjects with NAFLD and
elevated ALT”

Mean absolute reduction in ALT
from baseline at 28 days – 25.8
vs. 9.4 (p = <0.05)

Aramchol73 Novel synthetic lipid molecule
that acts on inhibition of the
stearoyl-coenzyme A desaturase
1 activity, thereby decreasing the
synthesis and increases the beta-
oxidation of fatty acid

Difference in liver fat content,
measured by magnetic
resonance spectroscopy

High-dose aramchol
demonstrated a significant
reduction of 12.57% 6 22.14 vs.
a 6.39% 6 36.27 increase in
placebo group (p = 0.02)

Cenicriviroc82 Antagonist of CCR2/CCR5, which
are implicated in liver
inflammation and fibrosis and are
thought to aid in the treatment of
NASH by decreasing recruitment,
migration and infiltration of pro-
inflammatory monocytes to the
site of liver injury, resulting in
anti-fibrotic properties

Drop in NAS by$2, with at least a
1-point improvement in more
than one category and with no
concurrent worsening of fibrosis
stage

To be determined

GR-MD-0287 Complex carbohydrate that binds
to galectin-3 protein, which is
expressed in immune cells and in
inflammatory states, resulting in
anti-fibrotic properties

Not yet released Not yet released
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and gamma-glutamyl transpeptidase were decreased in the
OCA treatment group compared to the placebo group.
Adverse effects included pruritis and drug-associated dyslipi-
demia. OCA was in phase III trials at the time of this writing,
and will likely be the first next-generation drug approved for
NASH. It is also under study for the treatment of primary
biliary cirrhosis and has been shown to improve liver associ-
ated enzymes in that case population.66

Emricasan

Emricasan is an irreversible pan-caspase inhibitor that is orally
active and retained in the liver.67 Caspases play an important
role in apoptosis and it has been demonstrated that steatotic
hepatocytes undergo apoptosis.68 Preclinical models showed
that treatment with emricasan in mice with high-fat diets
resulted in decreases in AST/ALT levels, NAS histological
score and inflammatory markers. Mice treated with emricasan
also showed reduction in hepatic fibrosis by decreasing fibrosis
score, fibrosis seen by staining techniques, and measurement
of alpha-smooth muscle actin. This was achieved without
altering any of the metabolic syndrome parameters (hyper-
glycemia, hyperinsulinemia, hypercholesteremia) or liver fat
content, thus suggesting that this medication may be a
potential option aimed solely at treatment of fibrosis rather
than steatosis or metabolic markers.69 The first randomized
trial used emricasan at 25 mg administered twice a day in
38 patients, and found statistically significant reductions in
AST/ALT (p < 0.05) and CK18/M30 compared to placebo.70

Further trials with histologic endpoints are warranted, partic-
ularly using emricasan as adjunctive therapy to metabolically
active agents in patients with NASH and fibrosis.

Aramchol

Aramchol is a novel synthetic lipid molecule obtained by
conjugating cholic acid and arachidic acid that has been
shown to reduce hepatic fat content in animals with a high-
fat diet.71 It has been shown to inhibit the stearoyl-coenzyme
A desaturase 1 activity, thereby decreasing the synthesis and
increasing the beta-oxidation of fatty acids in vitro.72 Safadi
et al.73 performed a randomized, double-blinded, placebo-
controlled clinical trial of patients with biopsy-proven NAFLD,
examining change in liver fat content with low (100 mg) or
high (300 mg) dose aramchol administered over 12 weeks.
A dose response relationship was observed with the higher
dose aramchol arm; specifically, a significant decrease was
found in liver fat content, as evaluated by MRS (p = 0.02).
No other secondary endpoints in this study were statistically
significant. Trials with a longer duration of treatment may be
needed to clarify potential effects of this agent.

Cenicriviroc (CVC)

CVC is a novel, oral antagonist of the dual C-C chemokine
receptor types 2 and 5 (CCR2/CCR5). CCR2/CCR5 are impli-
cated in liver inflammation and fibrosis, and are thought to aid
in the treatment of NASH by decreasing recruitment, migration
and infiltration of pro-inflammatory monocytes to the site of
liver injury induced by activated Kupffer cells, mainly via CCR2
antagonism and resulting in anti-fibrotic properties.74–81

A large multinational phase IIB trial, dubbed CENTAUR is
ongoing and has a primary composite endpoint of histologic
improvement (decreasing NAS by $2, with at least a 1-point

improvement in more than one other category and no concur-
rent worsening of fibrosis).82 Interestingly, this medication is
also being investigated for treatment of human immunodefi-
ciency virus type 1 infections and has completed phase II trials
for that indication.83 We eagerly await the results of CENTAUR.

Galactoarabino-rhamnogalaturonan (GR-MD-02)

GR-MD-02 has recently been described as a potential target
in therapy against fibrosis in NASH. GR-MD-02 is a complex
carbohydrate that binds to galectin-3 and galectin-1 proteins.
Galectin-3 protein is a prominent galectin expressed in immune
cells and markedly increased in inflammation. It has recently
been implicated in the pathogenesis of fibrosis in several
murine disease models.84–86 Traber et al.87 demonstrated that
treatment of mice with GR-MD-02 reduced fibrosis by over
2.5-fold in comparison to controls. Phase I human data
showed improvement in serological tests indicative of liver fib-
rosis and improvement in liver stiffness on FibroScan, with a
favorable safety profile.88 Phase II trials are currently recruiting.

Other investigational agents

Simtuzumab, a monoclonal antibody against lysyl oxidase-
like-2 (LOXL2), is a profibrotic enzyme abundant in hepato-
cytes. In vitro studies demonstrate reduced hepatic fibrosis
and rapid reversal of fibrosis with simtuzumab therapy.89

Simtuzumab has already showed promising results when
applied to patients with primary sclerosing cholangitis and is
currently being studied in patients with NASH and F2-F3 fib-
rosis.90 Liraglutide is a glucagon-like peptide 1 inhibitor used
for type 2 diabetes, and has been shown to improve liver
histology in small trials.91 In a larger randomized controlled
trial with 80 patients, 6 months of liraglutide therapy has been
shown to reduce liver fat compared to placebo.92 A strong
correlation between weight loss and improvement in steatosis
was noted, similar to the results for pioglitazone therapy.
Patients who lost the most weight (10 kg) experienced a
decrease in liver fat from 17.0% to 6.9% on MRS. These
agents are very promising and many more approved and pre-
clinical drugs are under investigation in the pipeline for NASH.

Conclusions

The disease spectrum of NALFD encompasses a wide range of
patients, and it will continue to represent a public health
burden of epidemic proportion. Unfortunately, the current
therapies have limited efficacy, although sustained weight
loss can alter the natural history of disease. At this writing, a
pipeline of novel therapeutic agents is in development and we
expect increasing options for clinicians to treat this patient
population in the coming years. Future pharmacologic strat-
egies for NASH treatment will be multi-pronged and target
metabolic pathways including insulin sensitivity, fatty acid
synthesis and oxidation, and various mechanisms of decreas-
ing inflammation. This is a burgeoning and hopeful field of
study and we eagerly await the results from numerous clinical
trials in early phases. Ultimately, the horizon is bright for
clinicians who treat NASH.
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