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ABSTRACT

The role of nonalcoholic fatty liver disease, namely nonalcoholic steatohepatitis (NASH), as risk factor for liver- and non-liver-related
morbidity and mortality has been extensively reported. In addition to lifestyle changes, capable of removing the metabolic factors
driving disease progression, there is an urgent need for drugs able to reduce hepatic necroinflammation without worsening of fibrosis.
This goal is considered by regulatory agencies as surrogate marker to define the effectiveness in pharmacological compounds in
NASH, and fast-track approval was granted by the Food and Drug Administration in consideration of disease severity and unmet
medical needs. Several compounds are in the pipeline of pharmaceutical industries and are being studied in phase Il trials, but only a
few (obeticholic acid, elafibranor) have started phase Il trials. This concise review is intended to offer a systematic analysis of the
most promising therapeutic intervention in NASH. In conclusion, there is reasonable expectation that drug may help curb the burden
of NASH, and we look forward to obtaining solid data on their long-term safety and effectiveness. However, we should not forget
that behavioral interventions remain a mandatory background treatment, able to stop disease progression in compliant overweight/
obese patients, with results that compare favorably with - and add to - the beneficial effects of drug treatment.
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NASH: PHARMACOLOGICAL TREATMENT

Nonalcoholic fatty liver disease (NAFLD), defined by
the presence of hepatic accumulation of triglycerides
in the hepatocytes in the absence of any other etiology of
liver disease, is the most common cause of chronic liver
disease in the Western world.! Its clinical-histologic phe-
notype extends from nonalcoholic fatty liver to nonalcohol-
ic steatohepatitis (NASH), characterized by inflammation
and progressive fibrosis, leading to cirrhosis?> and end
stage liver disease,” as well as to hepatocellular carcinoma.*
Whereas the estimated prevalence of NAFLD ranges from
6% to 33% (median 20%) in the general population, also
varying on the basis of diagnostic methods, the prevalence
of NASH only ranges from 3 to 5%,' but NASH-related
cirrhosis has become the second leading indication for liv-
er transplantation in the United States® and its importance
is also raising in Europe.®

NAFLD is highly associated with metabolic disorders,
including obesity and type 2 diabetes mellitus and it is
considered the hepatic expression of metabolic syn-

drome.” As such, NASH is also associated with an in-
creased risk of cardiovascular disease and cardiovascular
mortality® and of type 2 diabetes,” and the role of NASH as
the driver for non-liver-related morbidity and mortality
has recently been reconsidered.!” Accordingly, several tri-
als have tested the possible effects of pharmacological
compounds to clear fat from the liver, to reduce or halt
disease progression or, possibly, to revert fibrosis and cir-
rhosis. These studies are hampered by several difficulties,
summarized in table 1.

In summary, uncertainties in patients’ diagnosis and
disease stratification, the need of repeated liver biopsies in
relatively young, free living subjects with job constraints,
and the long duration of disease are all conditions limiting
the acceptance of strict rules by most patients. These con-
straints may be overcome by patients’ careful selection in
tertiary centers,!! but exclude the vast majority of cases
observed outside liver units or simply in primary care.
Similarly, a joint agreement from an American Association
for the Study of Liver Diseases (AASLD)-U.S. Food and
Drug Administration (FDA) Joint Workshop is providing
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Table 1. Difficulties in therapeutic trials in NASH patients.

Disease side:  Lack of positive diagnostic criteria.
Uncertainty of surrogate markers.
Slow disease progression.

High prevalence, but different phenotypes.

Patients’ side:  Young age and job constraints.
Scarce awareness of risk.

Need for diagnostic liver biopsy.

Physicians’ side: Scarce awareness of disease progression.
Poorly defined therapeutic targets.
Need for an integrated approach.

some clues to select primary outcomes in NASH stud-
ies.!? The most commonly accepted primary outcome of
NASH studies is now set at reduction of NAS (NAFLD
activity score), without worsening of fibrosis, or NASH
reversal without worsening of fibrosis. These outcomes
have been selected on the basis of the primary role of
necro-inflammation and fibrosis as main drivers of disease
progression.

Despite intensive research and numerous trials, as of to-
day there are no approved treatments for NAFLD/NASH.
The most favorable results have been obtained with the
use of pioglitazone and/or vitamin E, whereas the effec-
tiveness of other compounds, namely high-dose urso-de-
oxycholic acid, has never been systematically proven.'® In
addition, there are no data on the long-term safety of these
compounds.?

More recently, a series of drugs have reached evidence
of beneficial effects in phase II studies (see below) and are
being studied in long-term phase III studies (Table 2).
These drugs offer several advantages in selected popula-
tions, and the results are reviewed in the next session.

SELECTED PHASE Il
STUDIES OF NAFLD TREATMENT

Liraglutide

Liraglutide is a long-acting human GLP-1 analogue,
which improves pancreatic beta-cell function by inducing
insulin secretion while reducing glucagon release in a glu-
cose-dependent manner. * In addition, liraglutide reduces
appetite and delays gastric emptying, resulting in weight
loss.!> Since 2006, Extendin-4, the first GLP-1 analogue
discovered, and later liraglutide, have been demonstrated
to reverse hepatic steatosis in experimental animals.!¢-18
This activity might depend on the effect of GLP-1 ana-
logues on body weight and systemic insulin resistance, al-
though studies have also reported that these analogues can
act directly on human hepatocytes in vitro, reducing steato-

sis by decreasing de novo lipogenesis and increasing fatty
acid oxidation. 161920

Very recently, the safety and the efficacy of liraglutide
in the treatment of NASH have been compared in a phase
II randomized trial on 52 overweight subjects with and
without diabetes (LEAN study), at the dose of 1.8 mg/day
for 48 weeks.?! Nine of 23 patients who received liraglu-
tide (39%) had resolution of definite NASH at the end-of-
treatment liver biopsy, compared with two (9%) of 22
patients in the placebo group (relative risk (RR), 4:3 [95%
CI 1.0-17.7]; p = 0.019). Only 2 cases in the liraglutide
group vs. eight in placebo had progression of fibrosis (RR,
0.2 [0.1-1.0]; p = 0.04). As to safety, gastrointestinal side-
effects were observed in 81% of cases on liraglutide and
65% on placebo; they included diarrhea (38% vs. 19%),
constipation (27% vs. 0), and loss of appetite (31% vs. 8%).
The authors conclude that liraglutide is safe, well tolerat-
ed and potentially useful to achieve histological resolution
of non-alcoholic steatohepatitis, although data need con-
firmation in larger and long-term studies. Notably, fol-
lowing the SCALE study, liraglutide is one of the very few
drugs approved for weight loss in the U.S. and in the Eu-
ropean countries,?? and has been recently reported to re-
duce cardiovascular risk in type 2 diabetes.?

Obeticholic acid

Obeticholic acid (OCA) is a modified bile acid de-
rived from the primary bile acid cheno-deoxycholic acid
(CDCA). For many years, the physiological effects of bile
acids were related to their physicochemical properties;
more recently it was reported that bile acids also act as sig-
naling molecules regulating not only their own homeosta-
sis via their enterohepatic circulation.?* CDCA is the
natural ligand for farnesoid X receptor (FXR), a nuclear
receptor expressed at high levels in the liver, kidney, in-
testine and adrenal glands. In the liver, FXR is expressed
in the hepatocytes, endothelial cells and Kupfter cells and,
at a low level, in hepatic stellate cells.>> Nuclear receptors
constitute a family of ligand-activated transcription
factors that can either activate or repress a multitude of
target genes.

OCA i1s 100-fold more potent than the endogenous
FXR agonist CDCA, which makes OCA an attractive new
therapeutic agent for NAFLD/NASH due to its multiple
FXR-mediated effects. OCA increases glucose-stimulated
insulin secretion, reduces blood glucose by enhancing pe-
ripheral glucose uptake, and inhibits hepatic lipid synthe-
sis and content while inducing lipid uptake by adipocytes.
FXR-mediated hepatoprotective properties of OCA
include hepatocyte protection against bile acid-induced
cytotoxicity, anti-inflammatory effects in liver and vascu-
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Table 2. Summary of ongoing randomized clinical trials for the treatment of NAFLD/NASH, as present in www.Clinicaltrials.gov.

Agent

Phase, No., duration,
estimated enroliment:

Population,
study design

Study design

Endpoint

Obeticholic acid

Elafibranor

Aramchol

Cenicriviroc

Simtuzumab
(i.v. infusion)

Liraglutide

Selonsertib (oral)

w/wo i.v.
simtuzumab

- Phase Il (Recruiting)
- NCT02548351
- 18 months +
event driven
long term F-U
(duration = 6 years)
- 2,065 cases

- Phase Ill (Recruiting)
- NCT02704403

- 72 months

- 2,022 cases

- Phase lIb (Recruiting)
- NCT02279524
- 52 weeks +
13 weeks of F-U
- 240 cases

- Phase Il (Active,
not recruiting)
NCT02217475

- 2 years

- 289 cases

- Phase IIb (Active,
not recruiting)

- NCT01672866

- Up to 240 weeks

- 222 cases

- Phase Il (Active,
not recruiting)

- NCT01672879

- Up to 240 weeks

- 259 cases

- Phase Il (Recruiting)
- NCT02654665

- 52 weeks

- 36 cases

- Phase Il (Active,
not recruiting)

- NCT02466516

- 24 weeks of treatment
+ 4 weeks of F-U

- 72 cases

NASH
with fibrosis
(not cirrhosis)

NASH
with fibrosis
(not cirrhosis)

Overweight/
obese NASH
(not cirrhosis)
with T2DM

or prediabetes

NASH
with fibrosis
(not cirrhosis)

NASH
with fibrosis
(not cirrhosis)

NASH-related
cirrhosis

NASH with
overweight
or obesity

NASH
with fibrosis
(not cirrhosis)

REGENERATE trial:
Double-blind,
PL-controlled trial.
Patients randomized
1:1:1 to OCA

(10 or 25 mg) or PL

RESOLVE-IT: Double-blind,
PL-controlled trial.
Patients randomized

2:1 to elafibranor

(120 mg) or PL

Double blind,
PL-controlled study.
Patients randomized 2:2:1
to Aramchol (400 and
600 mg tablets) or PL

CENTAUR study:
cenicriviroc 150 mg or PL

2 phases: Double-blind

+ open label

(optional).

Patients randomized 1:1:1
to simtuzumab

(75 or 125 mg) or PL

2 phases: Double-blind
+ open label phase
(optional). Patients
randomized 1:1:1 to
simtuzumab

(200 or 700 mg) or PL

CGH-LINASH:
Non-randomized, 3 arms:
Liraglutide vs. bariatric
surgery vs. diet + exercise

5 experimental arms:
Selonsertib (inhibitor

of apoptosis signal-regulating
kinase 1) (6 or 18 mg),

w/wo SIM 125 mg,

or SIM 125 mg

Fibrosis improvement and
NASH resolution.
Improvement of metabolic
parameters and quality of life.
Incidence of decompensated
cirrhosis and its complications
and death.

NASH disappearance without
worsening of fibrosis
Incidence of decompensated
cirrhosis and its
complications, cardiovascular
event, death.

Percent change in liver TG

(by NMRS). NASH improvement
without worsening of fibrosis.
Improvement in metabolic

data and inflammatory cytokine

NAS improvement and NASH
resolution without worsening of
fibrosis. Improvement of metabolic
parameters.

Change in morphometric
quantitative collagen on
liver biopsy.

Event free survival.

Change in HVPG.

Event free survival (time to first
liver-related event or death).
Incidence of decompensated
cirrhosis and its complications.

Improvement in NASH, measured
by MRI and liver enzymes

Adverse event profile of
Selonsertib (GS-4997)

F-U: follow up. HVPG: hepatic vein pressure gradient. NAS: NASH activity score. NMRS: nuclear magnetic resonance spectroscopy. MRI: magnetic reso-
nance imaging. OCA: obeticholic acid. PL: placebo. SIM: simtuzumab. T2DM: type 2 diabetes mellitus. TG: triglycerides.
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®
lature, and prevention and/or reversal of liver fibrosis.?2’
Thus, there is a strong rationale to promote OCA for the
treatment of NASH.

Nonclinical studies have shown several potentially
beneficial properties of FXR agonism in NASH, in par-
ticular FXR controls glucose metabolism through regu-
lation of gluconeogenesis and glycogenolysis in the liver,
as well as regulation of peripheral insulin sensitivity in
striated muscle and adipose tissue,?®?? whereas the ab-
sence of endogenous intact FXR signaling results in dysl-
ipidemia and a hepatic phenotype similar to NASH
patients.?” On the contrary, FXR agonists reduce plasma
triglycerides by repressing hepatic sterol regulatory ele-
ment binding protein 1-c®! and increased hepatic fatty
acid oxidation.*? In primary and cultured hepatocytes
treated with pro-inflammatory mediators, OCA exerts
direct inhibitory effects on pro-inflammatory gene ex-
pression.?® Based on pre-clinical evidence, OCA is under
investigation for the treatment of multiple chronic liver
diseases in humans, including the treatment of NASH,
primary sclerosing cholangitis (PSC), biliary atresia, pri-
mary biliary cholangitis®* and other chronic liver diseases, as
well as type 2 diabetes and NAFLD, where it demon-
strated an insulin sensitizing effect.?®

In the phase II FXR ligand OCA in NASH treatment
(FLINT) study, OCA proved to be superior to placebo in
improving most histologic features of the disease (inflam-
mation, steatosis, ballooning and, in particular, fibrosis),
as well as liver enzymes, also reducing weight and systolic
blood pressure.>®> However, low-density lipoprotein
(LDL) cholesterol increased significantly in subjects treat-
ed with OCA compared to placebo (a modest increase
well-responding to statin therapy), but treatment was ac-
companied by a relatively high rate of pruritus (23% OCA
vs. 6% placebo), causing discontinuation in one case. A
long-term phase III study is ongoing, and the results will
be available in 2021.

Elafibranor

Elafibranor is a double peroxisome proliferator-activat-
ed receptor (PPAR) 0/d agonist, acting on nuclear receptors
playing key roles in regulating metabolic homeostasis and
inflammation.

PPARo are markedly expressed in the liver and can be
activated by fibrates. Their activation results in increased
uptake and oxidation of FFAs, increased triglyceride hy-
drolysis and upregluation of apolipoprotein (Apo)A-I and
ApoA-II. The net effect is fatty acid oxidation, decrease
in serum triglycerides, a rise in high-density lipoprotein
cholesterol (HDL-C) levels, and an increase in cholesterol
efflux. PPARo activation has also anti-inflammatory
effects via inhibition of cyclooxygenase-2, interleukin-6,

and C-reactive protein.® PPARS are widely expressed on
fat, liver, skeletal muscle and heart tissues; their activation
increases fatty acid transport and oxidation, improves insu-
lin sensitivity and inhibits hepatic glucose output,®” and
regulate macrophage inflammatory responses. Consider-
ing the emerging role of Kupfter cells in the pathogenesis
of NAFLD, PPARS might be crucial signaling receptors,
also controlling the phenotypic switch between classical
pro-inflammatory and alternative anti-inflammatory (M2)
macrophages.?

Treatment with elafibranor in a mouse model of dysli-
pidemia has been demonstrated to lower both plasma trig-
lycerides and total cholesterol and to increase plasma
HDL-C levels.®” In phase Ila trials in dyslipidemic, predi-
abetic and type 2 diabetic patients, elafibranor ameliorated
plasmatic lipid profile and glucose homeostasis, hepatic
and peripheral insulin resistance and reduced liver inflam-
matory markers. 4!

Very recently, the efficacy and safety of elafibranor at 80
and 120 mg QD for 52 weeks have been tested in a phase
IIb placebo controlled trial (GOLDEN 505) in 276
NASH patients.*? Elafibranor was well tolerated, at both
doses; at a dose of 120 mg, elafibranor was effective on
NASH resolution without worsening of fibrosis in pa-
tients with an active disease (NAS = 4). Notably, elafi-
branor at 120 mg also improved the cardiometabolic risk
profile of NASH patients by reducing plasma triglycer-
ides, total and LDL-C, increasing HDL-C and improving
glucose homeostasis, insulin resistance and inflammation.
Clinical adverse events were generally mild to moderate
in severity: cutaneous rash, decrease in appetite, arthralgia,
dizziness and renal impairment were reported only in the
clafibranor-treated arms. There were no differences in
the number of severe adverse events between treatment
and placebo groups.

In conclusion, clinical data confirm the good safety
profile and the positive eftect of elafibranor in NASH pa-
tients, with efficacy on histology associated with improve-
ment on insulin resistance, reduced markers of liver cell
necrosis (aminotransferases and y-glutamyl-transpepti-
dase), and reduced inflammatory markers. A much larger
phase III study is recruiting.

Gliflozins

Sodium-glucose co-transporter 2 (SGLT?2) inhibitors
reduce glucose reabsorption in the proximal tubule, thus
reducing plasma glucose levels. Their use is associated
with a moderate reduction of body weight, probably due
to caloric loss related to glycosuria.*® A recent clinical
trial revealed that empagliflozin treatment is associated
with reduced cardiovascular mortality and maintained
kidney function in patients with diabetes,*** which may
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be of additional value in subjects with NAFLD/NASH
and the metabolic syndrome. Interest has risen from ani-
mal studies observing an effect of gliflozins on liver
function in high-fat diet-induced obese rats and in
choline-deficient l-amino acid-defined diet rats.*647
Treatment with canagliflozin*® or dapagliflozin*® in sub-
jects with diabetes decreased plasma aminotransferases,
although there are no studies proving their effect on liver
histology. Also remogliflozin has been shown to signifi-
cantly improve markers associated with NAFLD in ani-
mal models, and may be a helpful compound for the
treatment of NASH and NAFLD due to its specific insu-
lin-sensitizing and antioxidant properties.>® In humans it
has been shown to reduce HbAlc and to improve insulin
sensitivity in subjects with type 2 diabetes. Post-hoc analy-
sis in a 12-week trial in diabetes showed an approximate
40% reduction in ALT levels in subjects with elevated
aminotransferase levels at baseline.”! These findings open
a window for the therapeutic potential of gliflozins in
NAFLD patients.

Simtuzumab (GS 6624)

Simtuzumab is a monoclonal antibody against the en-
zyme lysyl oxidase-like 2 (LOXL2), responsible for the
cross-linking of collagen and overexpressed during
the progression of liver fibrosis. In animal models it has
been shown that inhibition of LOXL2 results in a marked
reduction in activated fibroblasts, desmoplasia and en-
dothelial cells, reduced production of growth factors and
cytokines and decreased signaling of transforming growth
factor-beta (TGF-beta) pathway.>? When administered as
subcutaneous injections in a phase II study on 20 patients,
it was generally well-tolerated; the reported adverse
events were abdominal pain, musculoskeletal pain,
fatigue, and headache. Phase IIb studies in patients with
advanced fibrosis secondary to NASH (with/without
cirrhosis) are in progress.

Cenicriviroc

Cenicriviroc is an oral, potent, dual antagonist of chem-
okyne receptor-2 and 5 (CCR2/CCRS). It demonstrated
potent anti-inflammatory and anti-fibrotic activity in ani-
mal models of liver diseases.>>>* In humans, it significantly
decreased the aspartate-to-platelet ratio index (APRI),
noninvasive hepatic fibrosis index (FIB-4), and enhanced
liver fibrosis score.> It was well tolerated in a phase I
study on 31 patients with mild or moderate hepatic im-
pairment.>® Headache and gastrointestinal disorders (dry
mouth, epigastric discomfort, flatulence) were the most
commonly reported adverse events, but were of mild se-

verity. Two phase II studies in patients with NAFLD are
also under way.

Aramchol

Aramchol (3b-arachidyl-amido, 7a-12a-dihydroxy, 5b-
cholan-24-oic acid) is a synthetic lipid molecule obtained
by combining 2 natural components, cholic acid (bile
acid) and arachidic acid (saturated fatty acid), through a
stable amide bond. Aramchol significantly reduces hepatic
fat content in animals on a high-fat diet.’ In in vitro mod-
els, it achieves 70% to 83% inhibition of the stearoyl coen-
zyme A desaturase 1 (SCD1) activity, thus reducing the
synthesis and increasing the f-oxidation of fatty acids, re-
sulting in decreased hepatic accumulation of triglycerides
and fatty acid esters.”® In addition, Aramchol activates cho-
lesterol efflux by stimulating the adenosine triphosphate-
binding cassette transporter Al, a pan-cellular cholesterol
export pump, thus strengthening anti-atherogenic effects
in animal studies. In preclinical studies, Aramchol at high
doses did not cause the severe adverse effects attributed to
complete inhibition of SCD1 (skin and eye disorders, in-
flammation, and atherosclerosis).?” In a phase IIb rand-
omized, double-blind, trial of 60 patients with
biopsy-confirmed NAFLD (six with NASH), patients
were given Aramchol (100 or 300 mg) or placebo once dai-
ly for 3 months.®! No serious or drug-related adverse
events were observed in the 58 patients who completed
the study. Over 3 months, liver fat content (MRS-assess-
ment) decreased by 12-22% in patients given 300 mg/day
Aramchol, but increased by 6-36% in the placebo group
(P = 0.02). Liver fat content non-significantly decreased
also in the 100-mg Aramchol group.®! A larger phase II trial
in overweight/obese patients with pre-diabetes or T2DM
and NASH is in progress.

Galectin 3-inhibitors

Galectins are a family of proteins with binding specifici-
ties for B-galactoside sugars. Galectin-3 has cross-linking
and adhesive properties and is coded by the lectin, galactos-
ide-binding, soluble, 3 gene. There is evidence that galec-
tin-3 is required for transforming growth factor (TGF)-f3
mediated myofibroblast activation and matrix production,
and its regulatory gene may thus become a target of direct-
acting antifibrotic agents. Knockout mice for the lectin, ga-
lactoside-binding, soluble 3 gene are indeed resistant to
liver fibrosis induced by a variety of toxins.%? Phase 1 stud-
ies of galectin-3 inhibitors have been completed (GR-MD-
02; NCT01899859) and the agent is being evaluated in phase
II studies of patients with NASH and cirrhosis
(NCT02462967) or advanced fibrosis (NCT02421094).
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Transmembrane G protein-coupled receptor (TGR)
5 agonists and dual FXR/TGR5 agonists

TGRS is a classic G-protein coupled cell surface recep-
tor widely expressed in various tissues (liver, gallbladder,
bile ducts, adipose tissue, spleen, intestines, and kidneys);
within the liver, TGR5 is abundantly expressed in Kupfter
and endothelial cells, not in hepatocytes. TGR5 regulates
the bile acid pool, modulates immune responses and in-
creases energy expenditure (with significant effects on
obese animals). Treatment of high-fat fed mice with a spe-
cific agonist (INT-777) reduced steatosis, improved liver
enzyme levels without evidence of hepatic fibrosis, and
improved insulin sensitivity.% A dual FXR/TGR5 agonist
(INT-767) is similarly effective, and improved the histo-
logical features of NASH in obese mice, also modulating
cytokine production.®* Studies in humans are warranted.

THE NEXT FUTURE OF
NASH DRUG DEVELOPMENT

The clinical scenario of NAFLD/NASH treatment sees
an impressive series of studies, either planned or in
progress. A search on www.clinicaltrials.gov on July 24,
2016 identified 201 registered trials under the heading
“NAFLD AND NASH AND Fatty Liver”, with more
than 50% active at various stages of completeness, and this
is definitely an underestimate of the total number of stud-
ies around the world. They reflect a specific interest of
pharmaceutical companies for NAFLD/NASH, consider-
ing its epidemiology, of the medical societies because of
the increasing awareness of its potential severity and com-
plications, and of the regulatory agencies, considering the
present and future burden of disease for the healthcare sys-
tems. Hoverer, there are specific challenges in regulatory
trial design, in outcome research and in approval of drugs
for this population, hampered by lack of surrogate end-
points, unknown disease modifiers, and the long way to
valid end-points. These problems have been systematically
reported in the joint AASLD-FDA workshop.!? In most
cases, data will only be available in the next decade, but
FDA granted fast-track approval to drugs for the treatment
of NASH, a designation for drugs a) intended for the treat-
ment of serious or life-threatening diseases or conditions;
and b) able to address unmet medical needs for the disease
or condition.

Table 2 summarizes the most important ongoing phase
IIb or phase III studies, whose results are likely to pro-
vide important clues to NASH treatment. Most are based
on histology outcomes, verified by repeated biopsies. No-
tably, all have a placebo arm, considering that no drugs
have so far been approved for NASH treatment.

In most cases, the protocols of pharmacologic inter-
ventions also include standard lifestyle measures, which
are known to improve steatosis, necroinflammation, and
also reduce fibrosis and disease progression per se, and are
a sort of background treatment. Unfortunately, very few
centers have the resources and the skills to fully exploit
lifestyle changes in the NASH population.®® When tested
using the same outcomes as suggested by regulatory agen-
cies for drug approval, also weight loss may result in
NASH regression in overweight/obese patients. In a large
prospective study of lifestyle intervention in NASH, all
patients who lost 10% or more of their initial weight had a
systematic reduction of NAS at follow-up liver biopsy af-
ter one year, 90% had NASH resolution, and 45% had re-
gression of fibrosis.®® These results compare favorably
with those achieved by pharmacologic intervention, might
substantially contribute to prevent or even to cure diabe-
tes,%” and might be associated with reduced cardiovascular
risk.®

CONCLUSIONS

The major difficulty in NASH treatment is related to
its peculiar population, as therapy is expected to target
free-living, asymptomatic subjects who are rarely aware of
their future risk. Overweight/obesity and/or the metabol-
ic syndrome are rarely considered significant illnesses, un-
less diabetes is present, and motivation for weight loss is
rare unless cardiovascular comorbidities are present. Liver
health is not a significant motivation for weight loss in the
majority of patients, and it is difficult to achieve long-term
compliance to dietary restriction and habitual physical ac-
tivity in subjects who do not perceive their condition as a
disease.®® As in other non-communicable diseases, both
patients and physicians are keener to rely on drugs,% but
also adherence and long-term compliance to drug treat-
ment remain a problem.

Several issues of pharmacologic treatment are still un-
resolved. First, what should we treat? Steatosis may be
easily reversed, but is a cause of necroinflammation;
necroinflammation is likely to drive fibrosis; fibrosis is
associated with NASH progression. Accordingly, most tri-
als are intended to address necroinflammation, as the
pathogenic mechanisms of fibrosis. Second, who should
be treated? There is no evidence that established cirrhosis
might be effectively reversed; this means that treatment
should be provided at initial stages to reduce the future
burden of disease. This opens the last, unresolved ques-
tion: is treatment cost-effective? The severity of advanced
disease suggests that treatment —to be indefinitely contin-
ued if pathogenic factors are not removed— might be cost-
effective, but only in selected, progressive cases. There is a
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considerable risk to expose many subjects to potentially
severe adverse events to prevent the risk that an undeter-
mined number of patients reach the condition of end-stage
liver disease. A lot of additional information is needed to
solve this pivotal issue.

10.

1.

12.

13.

14.

15.

REFERENCES

European Association for the Study of the Liver, European
Association for the Study of Diabetes, European Associa-
tion for the Study of Obesity. EASL-EASD-EASO Clinical
Practice Guidelines for the management of non-alcoholic fat-
ty liver disease. J Hepatol 2016; 64: 1388-402.

Ekstedt M, Franzen LE, Mathiesen UL, Thorelius L, Holmqvist
M, Bodemar G, Kechagias S. Long-term follow-up of pa-
tients with NAFLD and elevated liver enzymes. Hepatology
2006; 44: 865-73.

Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P,
Kechagias S, Hultcrantz R. Fibrosis stage is the strongest
predictor for disease-specific mortality in NAFLD after up to
33 years of follow-up. Hepatology 2015; 61: 1547-54.
Sasdelli AS, Brodosi L, Marchesini G. NAFLD-associated
hepatocellular carcinoma: a threat to patients with metabolic
disorders. Curr Hepatology Rep 2016; 15: 103-12.

Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA,
Younossi ZM, Ahmed A. Nonalcoholic steatohepatitis is the
second leading etiology of liver disease among adults await-
ing liver transplantation in the United States. Gastroenterolo-
gy 2015; 148: 547-55.

Piscaglia F, Svegliati-Baroni G, Barchetti A, Pecorelli A,
Marinelli S, Tiribelli C, Bellentani S, et al. Clinical patterns of
hepatocellular carcinoma in nonalcoholic fatty liver disease: A
multicenter prospective study. Hepatology 2016; 63: 827-38.
Marchesini G, Marzocchi R. Metabolic syndrome and NASH.
Clin Liver Dis 2007; 11: 105-17, ix.

Targher G, Day CP, Bonora E. Risk of cardiovascular dis-
ease in patients with nonalcoholic fatty liver disease. N Engl/
J Med 2010; 363: 1341-50.

Yki-Jarvinen H. Non-alcoholic fatty liver disease as a cause
and a consequence of metabolic syndrome. Lancet Diabe-
tes Endocrinol 2014; 2: 901-10.

Lonardo A, Ballestri S, Marchesini G, Angulo P, Loria P. Non-
alcoholic fatty liver disease: a precursor of the metabolic
syndrome. Dig Liver Dis 2015; 47: 181-90.

Ratziu V, Goodman Z, Sanyal A. Current efforts and trends
in the treatment of NASH. J Hepatol 2015; 62: S65-S75.
Sanyal AJ, Friedman SL, McCullough AJ, Dimick-Santos L,
American Association for the Study of Liver Diseases, Unit-
ed States Food & Drug Administration. Challenges and op-
portunities in drug and biomarker development for
nonalcoholic steatohepatitis: findings and recommendations
from an American Association for the Study of Liver Diseas-
es-U.S. Food and Drug Administration Joint Workshop.
Hepatology 2015; 61: 1392-405.

Mazzella N, Ricciardi LM, Mazzotti A, Marchesini G. The role
of medications for the management of patients with NAFLD.
Clin Liver Dis 2014; 18: 73-89.

Baggio LL, Drucker DJ. Biology of incretins: GLP-1 and GIP.
Gastroenterology 2007; 132: 2131-57.

Henry RR, Buse JB, Sesti G, Davies MJ, Jensen KH, Brett J,
Pratley RE. Efficacy of antihyperglycemic therapies and the
influence of baseline hemoglobin A(1C): a meta-analysis of
the liraglutide development program. Endocr Pract 2011; 17:
906-13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ding X, Saxena NK, Lin S, Gupta NA, Anania FA. Exendin-4,
a glucagon-like protein-1 (GLP-1) receptor agonist, re-
verses hepatic steatosis in ob/ob mice. Hepatology 2006;
43: 173-81.

Mells JE, Fu PP, Sharma S, Olson D, Cheng L, Handy JA,
Saxena NK, et al. Glp-1 analog, liraglutide, ameliorates hepat-
ic steatosis and cardiac hypertrophy in C57BL/6J mice fed a
Western diet. Am J Physiol Gastrointest Liver Physiol 2012;
302: G225-G235.

Trevaskis JL, Griffin PS, Wittmer C, Neuschwander-Tetri BA,
Brunt EM, Dolman CS, Erickson MR, et al. Glucagon-like pep-
tide-1 receptor agonism improves metabolic, biochemical,
and histopathological indices of nonalcoholic steatohepatitis
in mice. Am J Physiol Gastrointest Liver Physiol 2012; 302:
G762-G772.

Ben-Shlomo S, Zvibel I, Shnell M, Shlomai A, Chepurko E,
Halpern Z, Barzilai N, et al. Glucagon-like peptide-1 reduces
hepatic lipogenesis via activation of AMP-activated protein
kinase. J Hepatol 2011; 54: 1214-23.

Gupta NA, Mells J, Dunham RM, Grakoui A, Handy J, Saxena
NK, Anania FA. Glucagon-like peptide-1 receptor is present
on human hepatocytes and has a direct role in decreasing
hepatic steatosis in vitro by modulating elements of the insu-
lin signaling pathway. Hepatology 2010; 51: 1584-92.
Armstrong MJ, Gaunt P, Aithal GP, Barton D, Hull D, Parker R,
Hazlehurst JM, et al. Liraglutide safety and efficacy in pa-
tients with non-alcoholic steatohepatitis (LEAN): a multicen-
tre, double-blind, randomised, placebo-controlled phase 2
study. Lancet 2016; 387: 679-90.

Pi-Sunyer X, Astrup A, Fujioka K, Greenway F, Halpern A,
Krempf M, Lau DC, et al. A randomized, controlled trial of 3.0
mg of liraglutide in weight management. N Engl J Med 2015;
373: 11-22.

Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P,
Mann JF, Nauck MA, Nissen SE, et al. Liraglutide and Cardio-
vascular Outcomes in Type 2 Diabetes. N Engl J Med 2016.
Hylemon PB, Zhou H, Pandak WM, Ren S, Gil G, Dent P.
Bile acids as regulatory molecules. J Lipid Res 2009; 50:
1509-20.

Fiorucci S, Antonelli E, Rizzo G, Renga B, Mencarelli A,
Riccardi L, Orlandi S, et al. The nuclear receptor SHP me-
diates inhibition of hepatic stellate cells by FXR and pro-
tects against liver fibrosis. Gastroenterology 2004; 127:
1497-512.

Adorini L, Pruzanski M, Shapiro D. Farnesoid X receptor tar-
geting to treat nonalcoholic steatohepatitis. Drug Discov To-
day 2012; 17: 988-97.

Zhang Y, Kast-Woelbern HR, Edwards PA. Natural structur-
al variants of the nuclear receptor farnesoid X receptor af-
fect transcriptional activation. J Biol Chem 2003; 278:
104-10.

Mudaliar S, Henry RR, Sanyal AJ, Morrow L, Marschall HU,
Kipnes M, Adorini L, et al. Efficacy and safety of the far-
nesoid X receptor agonist obeticholic acid in patients with
type 2 diabetes and nonalcoholic fatty liver disease. Gastro-
enterology 2013; 145: 574-82 e1.

Zhang Y, Lee FY, Barrera G, Lee H, Vales C, Gonzalez FJ,
Willson TM, et al. Activation of the nuclear receptor FXR im-
proves hyperglycemia and hyperlipidemia in diabetic mice.
Proc Natl Acad Sci U S A 2006; 103: 1006-11.

Zhang Y, Edwards PA. FXR signaling in metabolic disease.
FEBS Lett 2008; 582: 10-8.

Watanabe M, Houten SM, Wang L, Moschetta A, Man-
gelsdorf DJ, Heyman RA, Moore DD, et al. Bile acids lower
triglyceride levels via a pathway involving FXR, SHP, and
SREBP-1c. J Clin Invest 2004; 113: 1408-18.



680 Brodosi L, et al. Awvais of flepatology, 2016; 15 (5): 673-681
[
32. Savkur RS, Thomas JS, Bramlett KS, Gao Y, Michael LF, 47. Hayashizaki-Someya Y, Kurosaki E, Takasu T, Mitori H,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Burris TP. Ligand-dependent coactivation of the human bile
acid receptor FXR by the peroxisome proliferator-activated
receptor gamma coactivator-1alpha. J Pharmacol Exp Ther
2005; 312: 170-8.

Wang YD, Chen WD, Wang M, Yu D, Forman BM, Huang W.
Farnesoid X receptor antagonizes nuclear factor kappaB in
hepatic inflammatory response. Hepatology 2008; 48:
1632-43.

Beuers U, Gershwin ME, Gish RG, Invernizzi P, Jones DE,
Lindor K, Ma X, et al. Changing nomenclature for PBC: from
‘cirrhosis’ to ‘cholangitis’. Gastroenterology 2015; 149:
1627-9.

Neuschwander-Tetri BA, Loomba R, Sanyal AJ, Lavine JE,
Van Natta ML, Abdelmalek MF, Chalasani N, et al. Farnesoid
X nuclear receptor ligand obeticholic acid for non-cirrhotic,
non-alcoholic steatohepatitis (FLINT): a multicentre, ran-
domised, placebo-controlled trial. Lancet 2015; 385: 956-65.

Pawlak M, Lefebvre P, Staels B. Molecular mechanism of
PPARalpha action and its impact on lipid metabolism, inflam-
mation and fibrosis in non-alcoholic fatty liver disease. J
Hepatol 2015; 62: 720-33.

Bojic LA, Huff MW. Peroxisome proliferator-activated recep-
tor delta: a multifaceted metabolic player. Curr Opin Lipidol
2013; 24: 171-7.

Staels B, Rubenstrunk A, Noel B, Rigou G, Delataille P, Millatt
LJ, Baron M, et al. Hepatoprotective effects of the dual per-
oxisome proliferator-activated receptor alpha/delta agonist,
GFT505, in rodent models of nonalcoholic fatty liver disease/
nonalcoholic steatohepatitis. Hepatology 2013; 58: 1941-52.

Cariou B, Hanf R, Lambert-Porcheron S, Zair Y, Sauvinet V,
Noel B, Flet L, et al. Dual peroxisome proliferator-activated
receptor alpha/delta agonist GFT505 improves hepatic and
peripheral insulin sensitivity in abdominally obese subjects.
Diabetes Care 2013; 36: 2923-30.

Cariou B, Staels B. GFT505 for the treatment of nonalcoholic
steatohepatitis and type 2 diabetes. Expert Opin Investig
Drugs 2014; 23: 1441-8.

Cariou B, Zair Y, Staels B, Bruckert E. Effects of the new
dual PPAR alpha/delta agonist GFT505 on lipid and glucose
homeostasis in abdominally obese patients with combined
dyslipidemia or impaired glucose metabolism. Diabetes Care
2011; 34: 2008-14.

Ratziu V, Harrison SA, Francque S, Bedossa P, Lehert P,
Serfaty L, Romero-Gomez M, et al. Elafibranor, an agonist of
the peroxisome proliferator-activated receptor-alpha and -
delta, induces resolution of nonalcoholic steatohepatitis
without fibrosis worsening. Gastroenterology 2016; 150:
1147-59 e5.

Mudaliar S, Polidori D, Zambrowicz B, Henry RR. Sodium-glu-
cose cotransporter inhibitors: effects on renal and intestinal
glucose transport: from bench to bedside. Diabetes Care
2015; 38: 2344-53.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel
S, Mattheus M, et al. Empagliflozin, cardiovascular outcomes,
and mortality in type 2 diabetes. N Engl J Med 2015; 373:
2117-28.

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten
M, Mattheus M, Johansen OE, et al. Empagliflozin and pro-
gression of kidney disease in type 2 diabetes. N Engl J Med
2016 (in press).

Yokono M, Takasu T, Hayashizaki Y, Mitsuoka K, Kihara R,
Muramatsu Y, Miyoshi S, et al. SGLT2 selective inhibitor ip-
ragliflozin reduces body fat mass by increasing fatty acid
oxidation in high-fat diet-induced obese rats. Eur J Pharma-
col 2014; 727: 66-74.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Yamazaki S, Koide K, Takakura S. Ipragliflozin, an SGLT2 in-
hibitor, exhibits a prophylactic effect on hepatic steatosis
and fibrosis induced by choline-deficient l-amino acid-de-
fined diet in rats. Eur J Pharmacol 2015; 754: 19-24.
Lavalle-Gonzalez FJ, Januszewicz A, Davidson J, Tong C,
Qiu R, Canovatchel W, Meininger G. Efficacy and safety of
canagliflozin compared with placebo and sitagliptin in pa-
tients with type 2 diabetes on background metformin mono-
therapy: a randomised trial. Diabetologia 2013; 56: 2582-92.
Bailey CJ, Gross JL, Pieters A, Bastien A, List JF. Effect of
dapagliflozin in patients with type 2 diabetes who have inad-
equate glycaemic control with metformin: a randomised,
double-blind, placebo-controlled trial. Lancet 2010; 375:
2223-33.

Nakano S, Katsuno K, Isaji M, Nagasawa T, Buehrer B, Walk-
er S, Wilkison WO, et al. Remogliflozin etabonate improves
fatty liver disease in diet-induced obese male mice. J Clin
Exp Hepatol 2015; 5: 190-8.

Wilkinson W, Cheatham B, Walker S. Remogliflozin etabonate
reduces insulin resistance and liver function enzymes: role
for treatment of NASH. J Hepatol 2015; 62: S211.
Barry-Hamilton V, Spangler R, Marshall D, McCauley S, Rod-
riguez HM, Oyasu M, Mikels A, et al. Allosteric inhibition of
lysyl oxidase-like-2 impedes the development of a pathologic
microenvironment. Nat Med 2010; 16: 1009-17.

Hong F, Chou H, Friedman SL. Significant anti-fibrootic activi-
ty of cenicriviroc, a dual CCR2/CCR5 antagonist, in a rat
model of thioacetamide-induced liver fibrosis and cirrhosis.
Hepatology 2013; 58: 1381A-2A.

Lefebvre E, Moyle G, Reshef R, Richman LP, Thompson M,
Hong F, Chou HL, et al. Antifibrotic effects of the dual CCR2/
CCRS5 antagonist cenicriviroc in animal models of liver and
kidney fibrosis. PLoS One 2016; 11: e0158156.

Thompson M, Saag M, DelJesus E, Gathe J, Lalezari J, Lan-
day AL, Cade J, et al. A 48-week randomized phase 2b
study evaluating cenicriviroc versus efavirenz in treatment-
naive HIV-infected adults with C-C chemokine receptor type
5-tropic virus. AIDS 2016; 30: 869-78.

Lefebvre E, Gottwald M, Lasseter K, Chang W, Willett M,
Smith PF, Somasunderam A, et al. Pharmacokinetics, safety,
and CCR2/CCRS5 antagonist activity of cenicriviroc in partici-
pants with mild or moderate hepatic impairment. Clin Transl/
Sci 2016; 9: 139-48.

Konikoff FM, Gilat T. Effects of fatty acid bile acid conju-
gates (FABACs) on biliary lithogenesis: potential conse-
quences for non-surgical treatment of gallstones. Curr Drug
Targets Immune Endocr Metabol Disord 2005; 5: 171-5.
Dobrzyn A, Dobrzyn P, Lee SH, Miyazaki M, Cohen P, Asil-
maz E, Hardie DG, et al. Stearoyl-CoA desaturase-1 deficien-
cy reduces ceramide synthesis by downregulating serine
palmitoyltransferase and increasing beta-oxidation in skeletal
muscle. Am J Physiol Endocrinol Metab 2005; 288: E599-
E607.

Goldiner |, van der Velde AE, Vandenberghe KE, van Wijland
MA, Halpern Z, Gilat T, Konikoff FM, et al. ABCA1-dependent
but apoA-l-independent cholesterol efflux mediated by fatty
acid-bile acid conjugates (FABACs). Biochem J 2006; 396:
529-36.

Zhang Z, Dales NA, Winther MD. Opportunities and challeng-
es in developing stearoyl-coenzyme A desaturase-1 inhibi-
tors as novel therapeutics for human disease. J Med Chem
2014; 57: 5039-56.

Safadi R, Konikoff FM, Mahamid M, Zelber-Sagi S, Halpern M,
Gilat T, Oren R, et al. The fatty acid-bile acid conjugate Ara-
mchol reduces liver fat content in patients with nonalcoholic



NASH: pharmacological treatment. Annats of Hepatology, 2016; 15 (5): 673-681

681
°

62.

63.

64.

65.

66.

fatty liver disease. Clin Gastroenterol Hepatol 2014; 12:
2085-91 e1.

Henderson NC, Mackinnon AC, Farnworth SL, Poirier F, Rus-
so FP, Iredale JP, Haslett C, et al. Galectin-3 regulates myofi-
broblast activation and hepatic fibrosis. Proc Natl Acad Sci
U S A 2006; 103: 5060-5.

Thomas C, Gioiello A, Noriega L, Strehle A, Oury J, Rizzo G,
Macchiarulo A, et al. TGR5-mediated bile acid sensing con-
trols glucose homeostasis. Cell Metab 2009; 10: 167-77.
McMahan RH, Wang XX, Cheng LL, Krisko T, Smith M, El
Kasmi K, Pruzanski M, et al. Bile acid receptor activation
modulates hepatic monocyte activity and improves nonalco-
holic fatty liver disease. J Biol Chem 2013; 288: 11761-70.
Marchesini G, Petta S, Dalle Grave R. Diet, weight loss, and
liver health in nonalcoholic fatty liver disease: Pathophysiol-
ogy, evidence, and practice. Hepatology 2016; 63: 2032-43.
Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-
Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, Friedman
SL, et al. Weight loss through lifestyle modification signifi-
cantly reduces features of nonalcoholic steatohepatitis.
Gastroenterology 2015; 149: 367-78 e5; quiz e14-5.

67.

68.

69.

Steven S, Hollingsworth KG, Al-Mrabeh A, Avery L, Aribisa-
la B, Caslake M, Taylor R. Very-low-calorie diet and 6
months of weight stability in type 2 diabetes: pathophysio-
logic changes in responders and nonresponders. Diabetes
Care 2016; 39: 808-15.

Centis E, Moscatiello S, Bugianesi E, Bellentani S, Fracanzani
AL, Calugi S, Petta S, et al. Stage of change and motivation
to healthier lifestyle in non-alcoholic fatty liver disease. J
Hepatol 2013; 58: 771-7.

Marchesini G, Trovati M. Type 2 diabetes and the Naaman
syndrome. Diabetes Care 2003; 26: 3195.

Correspondence and reprint request:

Giulio Marchesini, M.D.
Unit of Metabolic Diseases,
“Alma Mater Studiorum” University
S. Orsola-Malpighi Hospital.
Via Massarenti, 9. [-40135 Bologna, ltaly
Tel.: +39 051 2144889. Fax: +39 051 6364502
E-mail: giulio.marchesini @ unibo.it



	NASH: A glance at the landscape of pharmacological treatment
	NASH: Pharmacological Treatment
	Selected Phase II Studies of NAFLD Treatment
	Liraglutide
	Obeticholic acid
	Elafibranor
	Gliflozins
	Simtuzumab (GS 6624)
	Cenicriviroc
	Aramchol
	Galectin 3-inhibitors
	Transmembrane G protein-coupled receptor (TGR) 5 agonists and dual FXR/TGR5 agonists

	The Next Future of Nash Drug Development
	Conclusions


