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Nonalcoholic fatty liver disease (NAFLD) is a metabolic
disease associated not only to alteration in lipid metabolism
but also to insulin resistance and impaired glucose
metabolism that can progress to more severe forms, like
nonalcoholic steatohepatitis (NASH). Moreover, NAFLD
and NASH are highly prevalent in patients with type 2
diabetes.

Subjects with NAFLD/NASH are insulin resistant,
particularly in adipose tissue where insulin does not limit
lipolysis (1). This results in high levels of circulating non-
esterified fatty acids (NEFAs) being absorbed and esterified
into triglycerides (T'G) by the liver, aided by high insulin
concentrations.

There is no approved pharmacological treatment for
NAFLD/NASH, although several drugs are currently
in the pipeline (2). It is now clear that the most effective
drugs for noncirrhotic NASH are those that not only
ameliorate steatosis and inflammation, but also have major
metabolic effects, in particular on lipid metabolism. Among
the drugs that target lipid metabolism are the peroxisome
proliferator-activated receptor (PPAR) agonists which have
been shown to be effective for the treatment of NASH and
have important metabolic effects (2).

PPARs are transcription factors of the nuclear receptor
family. Three PPAR isotypes have been identified, PPAR-a,
PPAR-y and PPAR-B/3, differentially expressed in tissues
and cell types with different functions (Figure I). They are
differently expressed in the organs and impact different
pathways and mechanisms involved in NASH and fibrosis
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progression (Figure I). PPAR-a is highly expressed in liver
where it controls lipid transport and metabolism, activates
mitochondrial function, promotes peroxisomal fatty acid
B-oxidation and ketogenesis. Subjects with NAFLD have
lower hepatic expression of PPAR-a that associates with the
severity of liver fibrosis (3) and reduced hepatic unsaturated
fatty acids that are among the main activators of PPAR-o (4).
PPAR-y is highly enriched in adipocytes and macrophages
much less in liver, although its hepatic expression was
found increased in subjects with obesity (5), where it
promotes lipogenesis, fatty acid re-esterification and TG
accumulation. PPAR-$ is ubiquitously expressed with action
on both glucose and lipid metabolism, including fatty acid
oxidation mainly in extrahepatic organs. Thus, several
PPAR agonists have been tested in patients with NAFLD/
NASH (as single PPAR or multiple PPAR agonists) (2).
Francque ez al. have recently published the results of the
Phase 2b trial with the pan-PPAR (PPAR-a/y/3) agonist
Lanifibranor [Phase 2b Study in NASH to Assess IVA337
(NATIVE), NCT03008070] (6). The study included 247
patients that were randomly assigned to receive 1,200 mg/day
(n=83) or 800 mg/day (n=83) of Lanifibranor or placebo
(n=81) for 24 weeks. The primary endpoint was the decrease
of >2 points of NASH activity (SAF score that combines
hepatocellular inflammation and ballooning) and as
secondary endpoints NASH resolution without worsening
and with improvement of fibrosis. The primary endpoint
was achieved in approximately half of patients treated with
Lanifibranor (55% and 48% if treated with 1,200 and
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Pan-PPAR agonists action
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Figure 1 The complex role of PPARs in liver and peripheral organs, and their involvement in NASH and liver fibrosis. Three PPAR

isotypes have been identified, PPARa, PPARy and PPARPB/9, differentially expressed in tissues and cell types with different functions (red and
blue). Effects of treatment with PPAR agonists (single PPAR or multiple PPAR activation) are shown (in the pink boxes). In NASH, PPARs

agonists improve lipid metabolism by modulating lipid fluxes (lipolysis, lipogenesis and lipoprotein secretion), regulating the transport

and oxidation of fatty acid. They also reduce insulin resistance by decreasing hepatic glucose production and increasing peripheral glucose

uptake. In addition, they reduce inflammation in the liver and the whole body. Taken together, the three PPAR isotypes improve NASH and

fibrosis by targeting the multiple pathways involved in the development of NASH and its progression. FAO, fatty acid oxidation; HDL, high

density lipoproteins; PPAR, peroxisome proliferator activated receptor; TG, triglyceride; FFA, free fatty acid.

800 mg/day respectively) compared with one third of
patients treated with placebo (33%; P=0.007 and P=0.07 vs.
1,200 and 800 mg/day respectively).

The composite end point, resolution of NASH and
improvement in fibrosis stage >1 point, unique to this trial,
occurred in 35% and 25% of subjects in the 1,200 and
800 mg Lanifibranor groups, respectively, vs. 9% in the
placebo group. Furthermore, Lanifibranor reduced glycated
hemoglobin (HbA1c) by 0.4% in the 1,200 mg Lanifibranor
group (from 6.1% to 5.7%, vs. +0.1% in placebo; by 0.7% in
patients with diabetes), triglyceride, insulin, apolipoprotein
Al and increased HDL cholesterol and adiponectin.

The mechanisms that explain the improvement in NASH
after activation of PPARs receptors include the reduction
in lipolysis and fatty acids to the liver in combination with
lower insulin levels, due to the amelioration of insulin
resistance in all tissues, and higher fatty acid oxidation
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(Figure I). Moreover, Lanifibranor improved the lipoprotein
profile with the potential of improving cardiovascular
outcomes, which are still the leading cause of death in
patients with non-cirrhotic NASH.

These effects are mediated mainly by PPAR-y activation.
While all PPARs ameliorate inflammation in both the
liver and systemically, only PPAR-y plays a key role in
preventing the activation of hepatic stellate cells (HSC), a
key event in fibrogenesis, and PPAR-y activation promotes
the inactivation of HSCs and regression of liver fibrosis (7).
In this regard, Lanifibranor was shown to improve fibrosis,
HSC phenotype and portal pressure in a preclinical model
of advanced chronic liver disease (ACLD) and in liver cells
of patients with ACLD (8). Weight gain was around 3kg
in the highest dose of Lanifibranor compared with 5 kg
previously observed with Pioglitazone probably due to the
activation of PPAR-3 that increases energy expenditure and
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fatty acid oxidation. However, PPAR-y activation increases
mainly the subcutaneous adipose tissue while reducing
visceral fat, which is associated with the improvement
in liver histology probably mediated by the reduction of
visceral adipokines and NEFAs to the liver (9).

The activation of PPAR-y appears to be crucial for
the resolution of NASH as confirmed by several trials
that have used Pioglitazone to improve NASH (2).
Treatment with PPAR-y agonists improve both lipid and
glucose metabolism (2). Among the PPAR-y agonists,
only Pioglitazone, not Rosiglitazone, improved NASH,
probably because Pioglitazone also moderately activates
PPAR-o. However, it would be interesting to assess
whether Pioglitazone treatment meets the main endpoint
in current pharmacological studies, which is resolution
of NASH without worsening fibrosis. The effects on
NAFLD of PPAR-a agonists, like fibrates, were mild and
controversial despite beneficial effects in preclinical studies
with no effects of glucose metabolism (2,3). The phase 3
RESOLVE-IT trial with Elafibranor, a dual PPAR-a/3
agonist in development for the treatment of NASH
(NCT02704403), was terminated after the detailed review
of the full interim efficacy dataset failed to show differences
with placebo in the pre-defined primary endpoint (NASH
resolution without worsening of fibrosis).

The pan-PPAR agonist Lanifibranor at the highest dose
offers another opportunity to improve histologic outcomes
in patients with noncirrhotic, highly active NASH.
Activating all three PPAR isotypes combines their effects on
multiple organs ameliorating lipid and glucose metabolism
as well as inflammation and fibrosis. The next step is the
phase 3 trial which will hopefully confirm the data in a
larger population.
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