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Saroglitazar for the Treatment of NASH: 
The Peroxisome Proliferator- Activated 
Receptor Story Goes On!
SEE ARTICLE ON PAGE 1809

Despite intensive research, no drug to date 
has been approved for the management of 
NAFLD, and many clinical trials have failed, 

including some recent large phase 3 trials. This has 
in part to do with the complex disease pathophysiol-
ogy, which is only partially unraveled.(1) Furthermore, 
the disease is embedded in a set of metabolic drivers, 
creating an environment of metabolic and inflamma-
tory stress. As a result, NAFLD is not an isolated liver 
disease, and treatment needs to take into account the 
extrahepatic drivers of disease progression, of which 
the adipose tissue dysfunction is a pivotal one.(2)

Peroxisome proliferator- activated receptors 
(PPARs) are nuclear receptors that are key regulators 

of glucose and lipid homeostasis as well as inflam-
mation and fibrogenesis.(3) This makes them inter-
esting targets for pharmacotherapy. Three different 
PPAR isotypes (α, β/δ, γ) exist, and their expression 
and function differ according to the organ and cell 
type (Fig. 1). Drugs targeting PPARs have hence the 
potential to target both intrahepatic and extrahepatic 
sites, depending on their characteristics: PPAR drugs 
can substantially differ in target engagement, even if 
they belong to the same molecular class and/or target 
the same isotype. This is best documented for PPARα 
agonists, a phenomenon called selective PPAR modu-
lators. This implies that every PPAR agonist needs to 
be evaluated individually on top of class effects.

In the current issue, Gawrieh et al. present the 
results of saroglitazar, a dual PPARα- γ agonist, on 
noninvasive markers of NAFLD disease severity after 
16 weeks of treatment.(4) The concept of a dual, or 
even triple/pan, PPAR agonist is interesting, because 
tackling several mechanisms (metabolic/inflamma-
tory/fibrogenic) at several sites (hepatic/extrahepatic) 
theoretically has the potential of resulting in superior 
efficacy compared with mono- agonists. Preclinical 
evidence supports this concept,(5) although clinical 
head- to- head comparisons are lacking and compari-
son across trials needs caution. Combination of targets 
might also, by allowing lower affinity for the individ-
ual isotypes and/or by counteracting side effects of 
single agonists, reduce side effects. Again, there are no 
head- to- head comparisons to prove these conceptual 
considerations, but comparison of the data of different 
compounds can provide some insights.

Beyond a substantial amount of preclinical data, 
hepatic PPARα expression has been shown to inversely 
correlate with disease severity and to improve on dis-
ease improvement.(6) PPARα mono- agonists have been 
poorly studied, but the PPARα- δ dual agonist elafibra-
nor showed some favorable effects in phase 2.(7) This 
was not confirmed in phase 3, but these data are not 
fully released yet and merit an in- depth analysis. PPARγ 
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agonists, with the thiazolidinedione pioglitazone being 
still available, have been shown to be beneficial in terms 
of NASH resolution, with overall a potential signal on 
fibrosis improvement (but not 1 stage improvement(8)). 
The combined PPARα- γ agonism hence has the poten-
tial of being superior to both individual components.

The current study does not allow judging about 
this potential superiority, as only 16 weeks of treat-
ment were evaluated and efficacy was only assessed 
based on noninvasive testing. Also, biopsy was not 
required for inclusion, making it impossible to have 
an idea about the histological disease severity at base-
line. Nevertheless, the data are interesting because an 
extended set of noninvasive markers were assessed. 
There is still very little understanding of how evolu-
tion in noninvasive tests (NITs) over time correlates 

with evolution in histology, both in natural history 
and in the context of an intervention. The biopsy 
is challenged because of its sampling variability, but 
NITs are also variable, including alanine aminotrans-
ferase (ALT), which is the primary endpoint of this 
study. With a set of NITs, including laboratory- based 
and imaging tests, all pointing toward an improve-
ment, one can feel more comfortable in concluding 
that the liver condition is truly improving.

As mentioned, the short duration of the study ham-
pers comparison with other PPAR drugs, if one wishes 
to compare across trials, with all pitfalls of such a com-
parison. The elafibranor treatment period was 12 months 
in phase 2(7) and 18 in phase 3, most of the pioglitazone 
trials were of 18 months to 2 years or longer,(8) and the 
lanifibranor phase 2 trial was 24 weeks of treatment.(9)

FIg. 1. The complex role of PPARs in NASH and fibrosis development. The three isotypes are differentially expressed in the different 
tissues and cell types. The main sites of expression and the main functions are depicted. In NASH, PPARα could improve lipid 
metabolism by controlling lipid flux and regulating fatty acid transport as well as β- oxidation. It also reduces inflammation through its 
action on hepatocytes as well as reducing splanchnic inflammation and intestinal permeability. PPARα is also involved in decreasing 
portal pressure in the context of cirrhosis. PPARβ/δ is involved in glucose and lipoprotein metabolism and reduces insulin resistance 
in skeletal muscle. PPARβ/δ inhibits inflammatory macrophage phenotypes and favors the alternatively activated phenotype. PPARγ 
regulates insulin sensitivity within the adipose tissue and is a master regulator of HSC fate. PPARγ prevents HSC activation, which is a 
key event in fibrogenesis. Moreover, in the context of cirrhosis, PPARγ reduces portal pressure, splanchnic inflammation, angiogenesis, 
and portosystemic shunts. By acting within the different cells and organs, all together, the three PPAR isotypes impact different pathways 
and mechanisms involved in NASH and fibrosis progression. FAO, fatty acid oxidation; GLP- 1, glucagon- like peptide 1; TG, triglyceride.
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The concordance in changes over time in NITs 
(beyond reporting the changes of NITs individually 
according to treatment arms) is rarely reported. In this 
study, using the ALT response as primary differentia-
tor, the potential differences in effects on lipid species 
were analyzed, showing more pronounced improve-
ments in lipid composition in ALT responders versus 
nonresponders. This is a small example of what could 
be the way forward in studying NITs as predictors of 
response, namely linking them with a specific end-
point of interest instead of an overall treatment effect 
without a link to the predefined response criterion.

Another important potential benefit of PPAR drugs 
and a potential future differentiator on the market is 
the impact on cardiovascular risk factors, with a poten-
tial of improving cardiovascular outcomes, which are 
still the main cause of death in patients with noncir-
rhotic NASH. Saroglitazar, as could be expected from 
its mode of action, substantially improved lipid profile, 
for which the drug has also already been approved for 
many years in India. The impact on glycemic control 
is less convincing. A more in- depth analysis of the 
lipid particle size and composition, including lipid-
omic profiling, shows an improvement on saroglitazar 
in multiple proatherogenic molecules beyond classical 
risk factors, which is an argument in favor of a trans-
lation on the long run in a reduction of cardiac events.

Finally, as for any drug, the safety profile needs to 
be carefully examined. Weight gain is known to occur 
with drugs having a PPARγ activity. Usually, this is 
considered a “side effect” because patients are encour-
aged to lose weight and weight loss is known to asso-
ciate with histological improvement. Gawrieh et al. 
show that saroglitazar increases adiponectin levels,(4) 
which is also known to occur with pioglitazone and 
is a sign of improvement in adipose tissue function.(2) 
For pioglitazone, it has been shown that this also cor-
responds to a shift from visceral to more metabolically 
healthy subcutaneous fat and an improvement in the 
metabolic- inflammatory environment, despite the net 
weight gain. Also, although fluid retention and heart 
failure can occur in patients with pre- existing car-
diac dysfunction, cardiovascular prognosis improves 
with pioglitazone.(10) Because the current study is a 
short- term study, it is difficult to judge whether the 
small weight gain observed with saroglitazar compares 
favorably with pioglitazone, but the safety data appear 
to be reassuring and allow for further study of the 
compound.

In conclusion, this study shows the positive impact 
of the dual PPARα- γ agonist saroglitazar on non-
invasive markers of NAFLD severity and hence the 
potential of PPAR agonist drugs as crucial com-
pounds in the anti- NASH armamentarium. Its supe-
riority over mono- agonists, both in terms of efficacy 
as well as safety, requires a much larger study of longer 
duration and with an extended set of efficacy (includ-
ing histology) and safety (including body composition 
and cardiac function) parameters.

Acknowledgment: We thank the PanNASH Initiative 
(https://panna sh.org) for their assistance in drafting 
Fig. 1.

Sven Francque, M.A.1-4

1 Department of Gastroenterology and Hepatology
Antwerp University Hospital, Antwerp, Belgium
2 Laboratory of Experimental Medicine and 
Paediatrics (LEMP)
Faculty of Medicine and Health Sciences
University of Antwerp, Antwerp, Belgium
3 InflaMed Centre of Excellence
University of Antwerp, Antwerp, Belgium
4 Translational Sciences in Inflammation and 
Immunology
University of Antwerp, Antwerp, Belgium

ReFeReNCeS
 1) Haas JT, Francque SM, Staels B. Pathophysiology and mech-

anisms of nonalcoholic fatty liver disease. Annu Rev Physiol 
2016;78:181- 205.

 2) Gastaldelli A, Cusi K. From NASH to diabetes and from dia-
betes to NASH: mechanisms and treatment options. JHEP Rep 
2019;1:312- 328.

 3) Francque S, Szabo G, Abdelmalek MF, Byrne CD, Cusi K, 
Dufour JF, et al. Nonalcoholic steatohepatitis: the role of per-
oxisome proliferator- activated receptors. Nat Rev Gastroenterol 
Hepatol 2021;18:24- 39.

 4) Gawrieh S, Noureddin M, Loo N, Mohseni R, Awasty V, Cusi K, 
et al. Saroglitazar, a PPAR- α/γ agonist, for treatment of nonal-
coholic fatty liver disease: a randomized controlled double- blind 
phase 2 trial. Hepatology 2021;74:1809-1824.

 5) Lefere S, Puengel T, Hundertmark J, Penners C, Frank AK, 
Guillot A, et al. Differential effects of selective-  and pan- PPAR 
agonists on experimental steatohepatitis and hepatic macrophages. 
J Hepatol 2020;73:757- 770.

 6) Francque S, Verrijken AN, Caron S, Prawitt J, Paumelle R, 
Derudas B, et al. PPARα gene expression correlates with severity 
and histological treatment response in patients with non- alcoholic 
steatohepatitis. J Hepatol 2015;63:164- 173.

 7) Ratziu V, Harrison SA, Francque S, Bedossa P, Lehert P, Serfaty 
L, et al. Elafibranor, an agonist of the peroxisome proliferator- 
activated receptor- α and - δ, induces resolution of nonalcoholic 
steatohepatitis without fibrosis worsening. Gastroenterology 
2016;150:1147- 1159.

D
ow

nloaded from
 http://journals.lw

w
.com

/hep by lbM
E

G
LfG

h5G
U

b5F
W

Z
kB

LaB
a4M

gfZ
5lG

R
uzV

pam
C

uD
Z

s4Y
5bsV

Z
vW

I
2T

w
D

Y
1nD

iS
daX

U
a4N

3O
1U

qh7X
A

/X
hH

V
e18G

osQ
d/K

R
M

P
+

979IjzB
cR

xtD
980aP

fK
uA

K
j5H

A
Jzw

7w
eJR

/s7X
Lkc=

 on 06/16/202
3

https://pannash.org
mailto:


Hepatology, Vol. 74, No. 4, 2021 FRANCQUE

1733

 8) Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz- Lopez C, 
et al. Long- term pioglitazone treatment for patients with nonal-
coholic steatohepatitis and prediabetes or type 2 diabetes mellitus: 
a randomized trial. Ann Intern Med 2016;165:305- 315.

 9) Francque SM, Bedossa P, Abdelmalek MF, Anstee QM, Bugianesi 
E, Ratziu V, et al. A randomised, double- blind, placebo- controlled, 
multi- centre, dose- range, proof- of- concept, 24- week treatment 

study of lanifibranor in adult subjects with non- alcoholic ste-
atohepatitis: design of the NATIVE study. Contemp Clin Trials 
2020;98:106170.

 10) Spence JD, Viscoli CM, Inzucchi SE, Dearborn- Tomazos J, Ford 
GA, Gorman M, et al. Pioglitazone therapy in patients with 
stroke and prediabetes: a post hoc analysis of the IRIS random-
ized clinical trial. JAMA Neurol 2019;76:526- 535.D

ow
nloaded from

 http://journals.lw
w

.com
/hep by lbM

E
G

LfG
h5G

U
b5F

W
Z

kB
LaB

a4M
gfZ

5lG
R

uzV
pam

C
uD

Z
s4Y

5bsV
Z

vW
I

2T
w

D
Y

1nD
iS

daX
U

a4N
3O

1U
qh7X

A
/X

hH
V

e18G
osQ

d/K
R

M
P

+
979IjzB

cR
xtD

980aP
fK

uA
K

j5H
A

Jzw
7w

eJR
/s7X

Lkc=
 on 06/16/202

3


