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Abstract

Nonalcoholic fatty liver disease (NAFLD) is the com-
monest chronic liver disease and its prevalence is
increasing driven by the pandemic of obesity and type 2
diabetes mellitus. NAFLD can progress to cirrhosis and is
associated with increased risk for cardiovascular disease
and hepatocellular cancer. Diet and exercise are limited
by suboptimal long-term adherence in patients with
NAFLD. On the other hand, current pharmacological
treatment of NAFLD has limited efficacy and unfavorable
safety profile. In this context, obeticholic acid (OCA),
a selective agonist of the farnesoid X receptors, might
represent a useful option in these patients. Preclinical
studies suggest that OCA improves hepatic steatosis,
inflammation and fibrosis. A proof-of-concept study
and the randomized, placebo-controlled Farnesoid
X Receptor Ligand Obeticholic Acid in non-alcoholic
steatohepatitis Treatment (FLINT) trial also showed
improvements in liver histology in patients with NAFLD
who received OCA. Weight loss and reduction in blood
pressure were also observed. However, the effects of
OCA on insulin resistance are conflicting and the lipid
profile is adversely affected by this agent. In addition,
pruritus is frequently observed during treatment with
OCA and might lead to treatment discontinuation.
However, given the limitations of existing treatments
for NAFLD, OCA might represent a useful therapeutic
option in selected patients with NAFLD.

Key words: Nonalcoholic fatty liver disease; Obeticholic
acid; Farnesoid X receptors; Insulin resistance; Fibrosis;
Dyslipidemia; Steatosis; Hepatocellular cancer
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
the commonest chronic liver disease in Western coun-
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tries, can progress to cirrhosis and is associated with
increased all-cause and cardiovascular disease mortality
risk. Current pharmacological treatment of NAFLD has
limited efficacy and therefore, there is a pressing need
to develop more effective and safe agents for this
common and life-threatening disease. Obeticholic acid
(OCA), a selective agonist of the farnesoid X receptors,
might be a useful agent in the management of NAFLD.
In the Farnesoid X Receptor Ligand Obeticholic Acid
in non-alcoholic steatohepatitis (NASH) Treatment
(FLINT) trial in patients with NASH, OCA administration
was associated with improvements in liver histology,
while weight loss and reduction in blood pressure were
also observed. Although its adverse effects on the lipid
profile and insulin sensitivity are worrisome, given the
increased cardiovascular risk of this population, OCA
might be considered in selected patients with NAFLD/
NASH, particularly in those with adequately controlled
glucose and lipid levels.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is defined
as hepatic steatosis in the absence of secondary
hepatic fat accumulation such as significant alcohol
consumption, use of steatogenic medication or
hereditary disorders. NAFLD is asymptomatic in
most patients but can progress to cirrhosis and
hepatocellular carcinoma. The prevalence of NAFLD
is steadily increasing and is currently 20%-30% in
Western countries and 5%-18% in Asia™>!. NAFLD
is the commonest cause of elevated liver enzymes
and is even more prevalent in patients with metabolic
diseases such as obesity and type 2 diabetes mellitus
(T2DM)™., Consequently, its prevalence is expected
to increase in the near future as an aftermath of the
increasing adoption of a sedentary lifestyle and an
unhealthy diet®*.

Patients with NAFLD have higher all-cause mortality
risk than general population™. Moreover, cardiovascular
disease represents the leading cause of death in
these patients, whereas liver-related mortality is less
frequent™®!, Lifestyle modifications, including diet
and exercise, are imperative for achieving weight loss
and reducing insulin resistance and hepatic steatosis
/inflammation in patients with NAFLDY®], Despite the
short-term effectiveness of such measures, adherence
to lifestyle changes wanes with time underlining the
need for pharmacological therapy”®’. The therapeutic
interventions that are used for the treatment of NAFLD
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Figure 1 Molecular structures of obeticholic acid and ursodeoxycholic
acid.

aim at the underpinning pathophysiologic mechanisms
of the disease but are hampered by suboptimal
efficacy and safety'”’. Therefore, there is a pressing
need to develop more effective and safe agents for this
common and life-threatening disease.

OBETICHOLIC ACID IN NAFLD

Farnesoid X receptors (FXRs) represent an attractive
target for the management of NAFLD. FXRs are
nuclear receptors that are abundantly expressed and
play several roles including regulation of bilirubin,
carbohydrate and lipid metabolism and modulation
of liver growth!"''¥, Activation of FXRs ameliorates
hyperlipidemia, glucose intolerance and insulin resis-
tance, protects against cholestasis-induced liver injury
and induces hepatocyte regeneration!****, Bile acids
are the natural ligands of the FXRs. Obeticholic acid
(OCA, 6a-ethyl-chenodeoxycholic acid) is a semi-
synthetic bile acid analogue of chenodeoxycholic
acid (CDCA) with a 100-fold higher affinity for FXR,
compared to CDCA, and represents the first selective
FXR agonist to be used in human studies*'7],
Similarly to ursodeoxycholic acid (UDCA), OCA has
anti-apoptotic action and increases bile flow and the
concentrations of bile acid transport proteins, such as
multidrug resistance-associated protein 2. However,
UDCA is a very weak FXR agonist!***>*”1 (Figure 1).
Accumulating data suggest that OCA might be a
useful agent in the management of NAFLD!®*), In
a rabbit model of NAFLD, OCA induced weight loss
and improved glucose tolerance®™. In a rat model of
NAFLD [Zucker (fa/fa) rats], in which a loss of function
mutation leads to T2DM, visceral adiposity and hepatic
steatosis!***?!, OCA ameliorated these consequences by
reducing hepatic expression of genes involved in fatty
acid synthesis, lipogenesis and gluconeogenesis™".
In other animal models of NAFLD, OCA exerted anti-
inflammatory and antifibrotic effects®*?%!. However,
opposite effects have also been reported; indeed, OCA
induced hepatic steatosis, ballooning and inflammation
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in an animal study™’, The effects of OCA on liver
carcinogenesis are also controversial. In animal study,
activation of FXR inhibited hepatocarcinogenesis
by regulating nuclear factor «B-mediated hepatic
inflammatory reactions'®®. In contrast, in another
recent report using 3 mouse models, loss of FXR
was associated with liver carcinogenesis in diabetic
animals®®®.,

Regarding human studies, OCA in patients with
NAFLD was first evaluated in a double-blind, placebo-
controlled, proof-of-concept study'®: patients
with NAFLD and T2DM were randomly assigned to
receive 25 mg OCA (n = 20), 50 mg OCA (n = 21)
or placebo (n = 23) for 6 weeks"™. Insulin resistance
was evaluated using hyperinsulinemic-euglycemic
clamp!®. Insulin sensitivity improved by 28.0% and
20.1% in patients treated with 25 and 50 mg OCA,
respectively, whereas it worsened in the placebo
group (a 5.5% reduction)™®, A dose-dependent
weight loss was observed in patients treated with
OCA™, Moreover, alanine transaminase (ALT) and
y-glutamyltransferase (yGT) levels declined in both
OCA groups'™.. The Enhanced Liver Fibrosis test, a
non-invasive marker of hepatic fibrosis, improved in
patients treated with 25 mg OCA and remained stable
in patients treated with 50 mg OCA™. On the other
hand, aspartate transaminase (AST) levels remained
stable and alkaline phosphatase (ALP) levels increased
in both OCA groups™. In addition, serum low-density
lipoprotein cholesterol (LDL-C) levels increased with
both OCA doses and serum high-density lipoprotein
cholesterol (HDL-C) decreased in patients under 50
mg OCA!"®), Serum triglyceride levels also decreased in
the 50 mg OCA group'®.. These lipid effects have also
been reported in animal studies and were attributed
to inhibition of conversion of cholesterol to bile acids
and to reduction of intestinal cholesterol absorption™.
Regarding OCA safety, adverse reactions were com-
parable in all groups*?..

More recently, the Farnesoid X Receptor Ligand
Obeticholic Acid in NASH Treatment (FLINT) trial, a
multicentre, double-blind, placebo-controlled clinical
trial in patients with non-alcoholic steatohepatitis
(NASH) but without cirrhosis, was published™". In
this trial, 283 patients were randomized to receive
OCA 25 mg daily or placebo for 72 wk"", The primary
outcome was a decrease in NAFLD activity score by at
least 2 points without deterioration of fibrosis. Fifty of
110 patients in the OCA group (45%) met the primary
endpoint at 72 weeks compared with 23 of 109
patients in the placebo group (21%; P = 0.0002)".
These results did not change after pre-specified
sensitivity analyses with adjustment for confounders,
including weight loss™!. Moreover, 35% of patients
treated with OCA had reduction in fibrosis, compared
with 19% of patients treated with placebo (P = 0.04)"".,
However, the rates of resolution of NASH did not differ
between the two groups (22% vs 13%, respectively,
P = 0.08)P", Treatment with OCA resulted in a
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reduction in AST, ALT and yGT levels but increased ALP
levels®!, OCA induced weight loss and lowered systolic
blood pressure but increased glucose levels and
insulin resistance!®", Its contrasting effects on insulin
resistance in the FLINT trial and in the earlier proof-
of-concept study™ might be due to differences in the
study population (only patients with T2DM in the latter
study™, patients with and without T2DM in FLINT
trial®"). Notable, insulin resistance was evaluated
using homeostasis model in the FLINT trial, which
is less accurate than hyperinsulinemic-euglycemic
clamp®", Regarding the effects on lipid profile, OCA
increased serum LDL-C and reduced HDL-C levels
whereas TG levels did not change at 72 wkP!. A study
in healthy subjects also reported that OCA treatment
for 14-20 d increased LDL-C and decreased HDL-C
levels regardless of dose (5, 10 or 25 mg daily)®?.
After treatment discontinuation, differences in liver
function tests, lipid profile and insulin resistance
between groups were no longer apparent™. Finally,
side effects were non-severe and occurred at similar
rates, but a higher frequency of pruritus was observed
in OCA group, compared to placebo group (23% vs
6%)"Y. These high rates of pruritus have also been
reported in patients using OCA for other liver diseases,
including primary biliary cirrhosis™?.

In light of these findings, how does OCA fit into
the management of NAFLD? According to current
guidelines, pharmacological treatment is recommended
only in non-diabetic patients with biopsy-proven
NASH™®. Vitamin E is recommended as first-line agent
whereas pioglitazone could also be used™. These
recommendations are primarily based on the results
of Pioglitazone versus Vitamin E versus Placebo for the
Treatment of Nondiabetic Patients with Nonalcoholic
Steatohepatitis (PIVENS) trial®*, which randomized
247 non-diabetic patients with NASH to receive
vitamin E, pioglitazone or placebo. Both vitamin
E and pioglitazone reduced hepatic steatosis and
inflammation but not fibrosis®®¥. In contrast, OCA
improved all histological features of NAFLD (steatosis,
inflammation and fibrosis)®". Moreover, FLINT trial
included patients with T2DM (52% of the study
population, n = 149) and OCA was equally effective
in both patients with and without T2DMPY, On the
other hand, vitamin E has no substantial metabolic
effects whereas pioglitazone reduces insulin resistance
and improves the lipid profile but induces weight
gain®*. OCA appears to reduce body weight but might
aggravate insulin resistance and dyslipidemia?.
However, adverse lipid effects of OCA can be mitigated
using statins, which are frequently required for the
management of dyslipidemia in patients with NAFLD
and appear to be safe and to reduce cardiovascular
morbidity in this population®?*), Finally, long-term
studies in other populations suggest an increased
risk for all-cause mortality in patients treated with
vitamin E®® and an increased risk for edema, heart
failure and bone fractures in patients treated with
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pioglitazone®**, On the other hand, the long-term

safety of treatment with OCA is unknown.

CONCLUSION

OCA appears to represent a promising treatment
for patients with NAFLD, since it improves fibrosis,
induces weight loss and appears to be effective in
patients with T2DM. On the other hand, the adverse
effects on the lipid profile and insulin sensitivity are
worrisome, given the increased cardiovascular risk of
this population. Therefore, and given the suboptimal
efficacy and safety of other pharmacotherapies in
NAFLD, lifestyle changes should be recommended as
first-line management in these patients whereas OCA
might be considered in selected patients, particularly
those with T2DM and adequately controlled glucose
and lipid levels.
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