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PHARMACEUTICAL COMPOSITIONS FOR COMBINATION THERAPY

The present invention relates to a combination therapy of inflammatory, metabolic,

fibrotic and cholestatic diseases.

[2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyllethanoate, (or nitazoxanide, or NTZ), first
described in 1975 (Rossignol and Cavier 1975), was shown to be highly effective against
anaerobic protozoa, helminths, and a wide spectrum of microbes including both anaerobic
and aerobic bacteria (Rossignol and Maisonneuve 1984; Dubreuil, Houcke et al. 1996;
Megraudd, Occhialini et al. 1998; Fox and Saravolatz 2005; Pankuch and Appelbaum 2006;
Finegold, Molitoris et al. 2009). It was first studied in humans for the treatment of intestinal
cestodes (Rossignol and Maisonneuve 1984) and it is now licensed in the United States
(Alinia®, Romark laboratories) for the treatment of diarrhea caused by the protozoan
parasites Crystosporidium parvum and Giardia intestinalis. NTZ has also been widely
commercialized in Latin America and in India where it is indicated for treating a broad
spectrum of intestinal parasitic infections (Hemphill, Mueller et al. 2006). The proposed
mechanism of action by which NTZ exerts its antiparasitic activity is through the inhibition of
pyruvate:ferredoxin oxidoreductase (PFOR) enzyme-dependent electron transfer reactions
that are essential for anaerobic metabolism (Hoffman, Sisson et al. 2007). NTZ also
exhibited activity against Mycobacterium tuberculosis, which does not possess a homolog of
PFOR, thus suggesting an alternative mechanism of action. Indeed, the authors showed that
NTZ can also act as an uncoupler disrupting membrane potential and intra-organism pH
homeostasis (de Carvalho, Darby et al. 2011).

The pharmacological effects of NTZ are not restricted to its antiparasitic or antibacterial
activities and in recent years, several studies revealed that NTZ can also confer antiviral
activity (Di Santo and Ehrisman 2014; Rossignol 2014). NTZ interferes with the viral
replication by diverse ways including a blockade in the maturation of hemagglutinin
(influenza) or VP7 (rotavirus) proteins, or the activation of the protein PKR involved in the
innate immune response (for a review, see (Rossignol 2014)). NTZ was also shown to have
broad anticancer properties by interfering with crucial metabolic and prodeath signaling

pathways (Di Santo and Ehrisman 2014).

The present invention describes novel combinations of (i) NTZ or an analogue thereof, and
(i) an anti-NASH, anti-fibrotic or anti-cholestatic agent, and their use in therapy, in particular

in the treatment of inflammatory, metabolic, fibrotic and cholestatic diseases.
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The inventors found that NTZ, a synthetic antiprotozoal agent or its derivatives or its
metabolites in combination with an anti-NASH, anti-fibrotic or anti-cholestatic show
therapeutic activities that are useful in therapy, in particular for the treatment of immune,

inflammatory, metabolic, fibrotic or cholestatic diseases.

Therefore, the present invention relates to a combination product comprising:
(i) a compound selected from NTZ and an analogue thereof ; and

(i) an anti-NASH, anti-fibrotic or anti-cholestatic agent.

In a particular embodiment, the compound of component (i) of the combination product is a

compound of formula (1):

Re 0
or a pharmaceutical acceptable salt thereof, in which :
R1 represents a hydrogen atom (H), a deuterium atom (D), a halogen atom, a (C6-C14)aryl
group, a heterocyclic group, a (C3-C14)cycloalkyl group, a (C1-C6)alkyl group, a sulfonyl
group, a sulfoxyde group, a (C1-C6)alkylcarbonyl group, a (C1-C6)alkyloxy, a carboxylic
group, a carboxylate group, a nitro group (NO2), an amino group (NH2), a (C1-C6)alkylamino
group, an amido group, a (C1-C6)alkylamido group, a (C1-C6)dialkylamido group.
R2 represents a hydrogen atom, a deuterium atom, a NO2 group, a (C6-C14)aryl group, a
heterocyclic group, a halogen atom, a (C1-Cé6)alkyl group, a (C3-C14)cycloalkyl group, a
(C2-C6)alkynyl group, a (C1-C6)alkyloxy group, a (C1-C6)alkylthio group, a (C1-
C6)alkylcarbonyl group, a (C1-C6)alkylcarbonylamino group, a (C6-C14)arylcarbonylamino
group, a carboxylic or carboxylate group, an amido group, a (C1-C6)alkylamido group, a (C1-
C6)dialkylamido group, a NH2 group, a (C1-C6)alkylamino group,
or R1 and R2, together with the carbon atoms to which they are attached, form a substituted
or unsubstituted 5- to 8- membered cycloalkyl, heterocyclic or aryl group,
R3, R4, R5, R6, and R7, identical or different, represent a hydrogen atom, a deuterium atom,

a halogen atom, a hydroxyl group, a (C1-C6)alkylcarbonyl group, an (C1-C6)alkyl group, an
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(C1-C6)alkyloxy group, an (C1-C6)alkylthio group, an (C1-C6)alkylcarbonyloxy group, an
(C6-C14)aryloxy group, a (C6-C14)aryl group, a heterocyclic group, a (C3-C14)cycloalkyl
group, a NO2 group, a sulfonylaminoalkyle group, an NH2 group, an amino(C1-C6)alkyl
group, an (C1-C6)alkylcarbonylamino group, a carboxylic group, a carboxylate group, or a
R9 group;

R9 represents a O-R8 group or an amino acid selected from the group consisting of alanine,
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,

tyrosine, valine, or a moiety of formula (A):
o] R

|
‘Jio e
R (A)
wherein R’ represents an (C1-C6)alkyl group, an (C2-C6)alkenyl group, an (C2-C6)alkynyl
group, a (C3-C14)cycloalkyl group, (C3-C14)cycloalkylalkyl group, a (C3-C14)cycloalkyl(C2-
C6)alkenyl group, a (C3-C14)cycloalkenyl group, a (C3-C14)cycloalkenyl(C1-C6)alkyl group,
a (C3-C14)cycloalkenyl(C2-C6)alkenyl group, a (C3-C14)cycloalkenyl(C2-C6)alkynyl group;
R” and R, independently, represent hydrogen atom, an (C1-C6)alkyl group, or a nitrogen

protecting group.

R8 represents a hydrogen atom, a deuterium atom, a glucuronidyl group, or a Rec
group wherein, R8a, R8b and R8c, identical or different, represent a hydrogen atom or a

deuterium atom.

In a further particular embodiment, the compound of component (i) of the combination
product is a compound of formula (I), or a pharmaceutical acceptable salt thereof, in which:
R1 represents a hydrogen atom (H), a deuterium atom (D), a halogen atom, a (C6-C14)aryl
group, a heterocyclic group, a (C3-C14)cycloalkyl group, a (C1-C6)alkyl group, a sulfonyl
group, a sulfoxyde group, a (C1-C6)alkylcarbonyl group, a (C1-C6)alkyloxy, a carboxylic
group, a carboxylate group, a NO2 group, a NH2 group, a (C1-C6)alkylamino group, an
amido group, a (C1-C6)alkylamido group, a (C1-C6)dialkylamido group.

R2 represents a hydrogen atom, a deuterium atom, a NO2 group, a (C6-C14)aryl group, a
heterocyclic group, a halogen atom, a (C1-C6)alkyl group, a (C3-C14)cycloalkyl group, a
(C2-C6)alkynyl group, a (C1-C6)alkyloxy group, a (C1-C6)alkylthio group, a (C1-
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C6)alkylcarbonyl group, a (C1-C6)alkylcarbonylamino group, a (C6-C14)arylcarbonylamino
group, a carboxylic or carboxylate group, an amido group, a (C1-C6)alkylamido group, a (C1-
C6)dialkylamido group, a NH> group, a (C1-C6)alkylamino group,

or R1 and R2, together with the carbon atoms to which they are attached, form a substituted
or unsubstituted 5- to 8- membered cycloalkyl, heterocyclic or aryl group,

R3 represents a hydrogen atom, a deuterium atom, a halogen atom, a O-R8 group, a (C1-
Co6)alkylcarbonyl group, an (C1-C6)alkyl group, an (C1-C6)alkyloxy group, an (C1-
C6)alkylthio group, an (C1-C6)alkylcarbonyloxy group, an (C6-C14)aryloxy group, a (C6-
C14d)aryl group, a heterocyclic group, a (C3-C14)cycloalkyl group a NO2, a
sulfonylaminoalkyle group, an NH2 group, an amino(C1-C6)alkyl group, an (C1-
Co6)alkylcarbonylamino group, a carboxylic group, a carboxylate group, an amino acid
selected from the group consisting of alanine, arginine, asparagine, aspartic acid, cysteine,
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, or a moiety of formula
(A):

R (A)
wherein R’ represents an (C1-C6)alkyl group, an (C2-C6)alkenyl group, an (C2-C6)alkynyl
group, a (C3-C14)cycloalkyl group, (C3-C14)cycloalkylalkyl group, a (C3-C14)cycloalkyl(C2-
C6)alkenyl group, a (C3-C14)cycloalkenyl group, a (C3-C14)cycloalkenyl(C1-C6)alkyl group,
a (C3-C14)cycloalkenyl(C2-C6)alkenyl group, a (C3-C14)cycloalkenyl(C2-C6)alkynyl group;
R” and R, independently, represent hydrogen atom, an (C1-C6)alkyl group, or a nitrogen

protecting group.

R8 represents a hydrogen atom, a deuterium atom, or a Rec group wherein, R8a,
R8b and R8c, identical or different, represent a hydrogen atom or a deuterium atom.

R4, R5, R6, and R7, identical or different, represent a hydrogen atom, a deuterium atom, a
halogen atom, a hydroxyl group, an (C1-C6)alkylcarbonyl group, an (C1-C6)alkyl group, an
(C1-C6)alkyloxy group, an (C1-C6)alkylthio group, an (C1-C6)alkylcarbonyloxy group, an
(C6-C14)aryloxy group, an (C6-C14)aryl group, a heterocyclic group, a (C3-C14)cycloalkyl
group, a NO2, a sulfonylamino(C1-C6)alkyl group, an NH2 group, an amino(C1-C6)alkyl

group, an (C1-C6)alkylcarbonylamino group, a carboxylic group, a carboxylate group, an
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amino acid selected from the group consisting of alanine, arginine, asparagine, aspartic acid,
cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, or a moiety of formula
(A):

R (A)
wherein R’ represents an (C1-C6)alkyl group, an (C2-C6)alkenyl group, an (C2-C6)alkynyl
group, a (C3-C14)cycloalkyl group, (C3-C14)cycloalkyl(C1-C6)alkyl group, a (C3-
C14)cycloalkyl(C1-C6)alkenyl  group, a  (C3-C14)cycloalkenyl group, a (C3-
C14)cycloakenyl(C1-C6)alkyl group, a (C3-C14)cycloalkenyl(C2-C6)alkenyl group, a (C3-
C14)cycloalkenyl(C2-C6)alkynyl group; R” and R, independently, represent a hydrogen
atom, an (C1-C6)alkyl group, or a nitrogen protecting group.

In a particular embodiment, in the compound of formula (1) of the present invention:

an alkyl group may be a substituted or unsubsituted (C1-C6)alkyl group, in particular a
substituted or unsubstituted (C1-C4)alkyl group;

an alkynyl group may be a substituted or unsubstituted (C2-C6)alkynyl group;

a cycloalkyl group may be a substituted or unsubstituted (C3-C14)cycloalkyl group

an alkyloxy group may be a substituted or unsubstituted (C1-C6)alkyloxy group, such as a
substituted or unsubstituted (C1-C4)alkyloxy group;

an alkylthio group may be a substituted or unsubstituted (C1-C6)alkylthio group, such as a
substituted or unsubstituted (C1-C4)alkylthio group;

an alkylamino group may be a (C1-C6)alkylamino group, such as a (C1-C4)alkylamino
group;

a dialkylamino group may be a (C1-C6)dialkylamino group, such as a (C1-C4)dialkylamino
group;

an aryl group may be a substituted or unsubstituted (C6-C14)aryl group, such as a
substituted or unsubstituted (C6-C14)aryl group;

a heterocyclic group may be a substituted or unsubstituted heterocycloalkyl or heteroaryl

group.

In a particular embodiment, the compound of component (i) of the combination product is a
compound of formula (Il)
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in which R9 represents a hydrogen atom, a deuterium atom, a O-R8 group (R8 being as
defined above), or an amino acid selected from the group consisting of alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine,

valine, or a moiety of formula (A):
o] R

|
“HJ\O AN
R (A);
wherein R’ represents an (C1-C6)alkyl group, an (C2-C6)alkenyl group, an (C2-C6)alkynyl
group, a (C3-C14)cycloalkyl group, (C3-C14)cycloalkyl(C1-C6)alkyl group, a (C3-
C14)cycloalkyl(C1-C6)alkenyl  group, a  (C3-C14)cycloalkenyl group, a (C3-
C14)cycloakenyl(C1-C6)alkyl group, a (C3-C14)cycloalkenyl(C2-C6)alkenyl group, a (C3-
C14)cycloalkenyl(C2-C6)alkynyl group; R” and R™, independently, represent a hydrogen
atom, an (C1-C6)alkyl group, or a nitrogen protecting group or a pharmaceutically acceptable

salt thereof.

In a particular embodiment, component (i) of the combination product of the invention is

gact
o:< 2

selected from:
-NTZ:

- tizoxanide (TZ):
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- tizoxanide glucuronide (TZG):

Q%%l

o]

HOOC OH

HO OH

In another embodiment, component (i) of the combination product is a compound of formula
(I wherein R8a, R8b and R8c, identical or different, represent a hydrogen atom or a
deuterium atom; and/or

wherein R1, R3, R4, R5, and R, identical or different, represent a hydrogen atom or a
deuterium atom with the proviso that R1, R2, R8a, R8b, R8¢, R3, R4, R5, and R6 are not

simultaneously a hydrogen atom.

In a particular embodiment, component (i) is [(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl
(d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]lphenyl (d2) ethanoate; or 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate.

In another particular embodiment, component (i) is 2-(5-nitrothiazol-2-ylcarbamoyl)phenyl 2-
amino-3,3-dimethylbutanoate, in particular (S)-2-(5-nitrothiazol-2-ylcarbamoyl)phenyl 2-
amino-3,3-dimethylbutanoate, or a pharmaceutically acceptable salt thereof such as its
hydrochloride salt (RM5061) of formula:



WO 2018/167103 PCT/EP2018/056310

SYPsS

In another particular embodiment, component (i) is 2-(5-nitrothiazol-2-ylcarbamoyl)phenyl 2-
amino-3-methylpentanoate, in particular (2S,3S)-2-(5-nitrothiazol-2-ylcarbamoyl)phenyl 2-

5 amino-3-methylpentanoate, or a pharmaceutically acceptable salt thereof such as its
hydrochloride salt (RM5066) of formula:

SYPs ™

10
In another particular embodiment, component (i) is 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl
2-amino-3,3-dimethylbutanoate, in particular (S)-2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-
amino-3,3-dimethylbutanoate, or a pharmaceutically acceptable salt thereof such as its
hydrochloride salt (RM5064) of formula:

15
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XN o

In another particular embodiment, component (i) is -2-(5-chlorothiazol-2-ylcarbamoyl)phenyl
2-amino-3-methylpentanoate, in particular (2S,3S)-2-(5-chlorothiazol-2-ylcarbamoyl)phenyl

5  2-amino-3-methylpentanoate, or a pharmaceutically acceptable salt thereof such as its
hydrochloride salt (RM5065) of formula:

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt

10

thereof.

In the present invention, component (ii) is selected from an anti-NASH agent, an anti-fibrotic
15  agent or an anti-cholestatic agent, with the proviso that the anti-NASH, anti-fibrotic or anti-

cholestatic agent.

In a particular embodiment, the anti-NASH, anti-fibrotic or anti-cholestatic agent is not a
PPAR agonist.
20
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In a further particular embodiment of the invention, component (ii) is an anti-NASH agent.

lllustrative, non-limiting, anti-NASH agents useful in the practice of the present invention

include:

10

15

20

25

30

35

Acetyl-CoA Carboxylase inhibitors;

Anti-LPS antibodies;

Apical sodium-codependent bile acid transporter inhibitors;
bioactive lipids;

Cannabinoid CB1 receptor antagonists;

Caspase inhibitors;

Cathepsin inhibitors;

CCR antagonists;

Diacylglycerol-O-acyltransferase (DGAT) inhibitors;
Dipeptidyl peptidase IV (DPP4) inhibitors;

Dual NOX (NADPH oxidase) 1&4 inhibitors;

Extracellular matrix protein modulators;

Stearoyl CoA desaturase-1 inhibitors/fatty acid bile acid conjugates (FABAC);
Fatty Acid Synthase (FAS) inhibitors;

Fibroblast Growth Factor 19 (FGF-19) recombinants;
Fibroblast Growth Factor 21 (FGF-21) agonists;

Farnesoid X Receptor (FXR) agonists;

Galectin 3 inhibitors;

Glucagon-Like Peptide-1 (GLP-1) analogs and GLP-1 receptor agonists;
G-Protein Coupled Receptor (GPCR) modulators;

Integrin inhibitors;

Leukotriene (LT)/Phosphodiesterase (PDE)/Lipoxygenase (LO) inhibitors;
Macrolides;

miRNA antagonists;

Monoclonal antibodies;

Myeloperoxidase inhibitors;

mTOR modulators;

nuclear receptor ligands;

P2Y13 protein agonists;

Protease-Activated Receptor (PAR)-2 antagonists;

Protein kinase modulators

Rho-associated protein kinase 2 (ROCK2) inhibitors;
Sodium-GLucose Transport (SGLT) 1 and 2 inhibitors;
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In a further particular embodiment, component (ii) is an anti-NASH agent. lllustrative,

WO 2018/167103 PCT/EP2018/056310
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signal-regulating kinase 1 (ASK1) inhibitors;

Thyroid Hormone Receptor 3 (THR B) agonists;

Toll Like Receptor 2 and 4 (TLR-2 and 4) antagonists;
Tyrosine Kinase Receptor (RTK) modulators;
Vascular Adhesion Protein-1 (VAP-1) inhibitors; and
Vitamin D receptor (VDR) agonists.

limiting, anti-NASH agents useful in the practice of the present invention include:

Acetyl-CoA Carboxylase inhibitors;

Anti-LPS antibodies;

Apical sodium-codependent bile acid transporter inhibitors;
bioactive lipids;

Cannabinoid CB1 receptor antagonists;

Caspase inhibitors;

Cathepsin inhibitors;

CCR antagonists;

Diacylglycerol-O-acyltransferase (DGAT) inhibitors;
Dipeptidyl peptidase IV (DPP4) inhibitors;

Dual NOX (NADPH oxidase) 1&4 inhibitors;

Extracellular matrix protein modulators;

Stearoyl CoA desaturase-1 inhibitors/fatty acid bile acid conjugates (FABAC);
Fibroblast Growth Factor 19 (FGF-19) recombinants;
Fibroblast Growth Factor 21 (FGF-21) agonists;

Farnesoid X Receptor (FXR) agonists;

Galectin 3 inhibitors;

Glucagon-Like Peptide-1 (GLP-1) analogs;

G-Protein Coupled Receptor (GPCR) modulators;

Integrin inhibitors;

Leukotriene (LT)/Phosphodiesterase (PDE)/Lipoxygenase (LO) inhibitors;
Macrolides;

miRNA antagonists ;

Monoclonal antibodies;

mTOR modulators;

nuclear receptor ligands;

P2Y13 protein agonists;

non-
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Protease-Activated Receptor (PAR)-2 antagonists;
Protein kinase modulators;

Rho-associated protein kinase 2 (ROCK2) inhibitors;
Sodium-GLucose Transport (SGLT) 2 inhibitors;
signal-regulating kinase 1 (ASK1) inhibitors;

Thyroid Hormone Receptor B (THR ) agonists;

Toll Like Receptor 4 (TLR- 4) antagonists;

Tyrosine Kinase Receptor (RTK) modulators;
Vascular Adhesion Protein-1 (VAP-1) inhibitors and
Vitamin D receptor (VDR) agonists.

Other anti-NASH agents include KB-GE-001, NGM-386, NGM-395, NC-10, and TCM-606F.

In a particular embodiment of the invention, component (ii) is an anti-fibrotic agent.

lllustrative, non-limiting, anti-fibrotic agents useful in the practice of the present invention

include:

Angiotensin |l receptor blockers

antisense oligonucleotides targeting Transforming Growth Factor beta 2 (TGF-2);
Bioactive lipids;

Caspase inhibitors;

Dual Farnesoid X receptor (FXR) / TGR5 agonists;

NOX (NADPH oxidase) inhibitors, such as Dual NOX (NADPH oxidase) 1&4
inhibitors;

Galectin 3 inhibitors;

Immunomodulators;

Integrin inhibitors;

Macrophage mannose receptor modulators;

Metalloprotease-9 (MMP-9) stimulators;

Monoclonal antibodies;

NF-kappa B inhibitors;

Non-Steroid Anti-Inflammatory Drugs (NSAIDs); and

PDGFR modulators.

In a further particular embodiment of the invention, component (ii) is an anti-fibrotic agent.

lllustrative, non-limiting, anti-fibrotic agents useful in the practice of the present invention

include:



10

15

20

25

30

35

WO 2018/167103 PCT/EP2018/056310
13

- antisense oligonucleotides targeting Transforming Growth Factor beta 2 (TGF-32);
- Bioactive lipids;

- Caspase inhibitors;

- Dual Farnesoid X receptor (FXR) / TGR5 agonists;

- Dual NOX (NADPH oxidase) 1&4 inhibitors;

- Galectin 3 inhibitors;

- Immunomodulators;

- Integrin inhibitors;

- Macrophage mannose receptor modulators;

- Metalloprotease-9 (MMP-9) stimulators;

- Monoclonal antibodies;

- NF-kappa B inhibitors;

- Non-Steroid Anti-Inflammatory Drugs (NSAIDs); and
- PDGFR modulators.

Other anti-fibrotic agents include HEC-585, INV-240, RNAi therapeutic (e.g. Silence
Therapeutics) and SAMIRNA program (Bioneer Corp).

Other illustrative antifibrotic agents include pirfenidone or receptor tyrosine kinase inhibitors
(RTKIs) such as Nintedanib, Sorafenib and other RTKIs, or angiotensin Il (AT1) receptor
blockers, or CTGF inhibitor, or any antifibrotic compound susceptible to interfere with the
TGFB and BMP-activated pathways including activators of the latent TGF3 complex such as
MMP2, MMP9, THBS1 or cell-surface integrins, TGF[ receptors type | (TGFBRI) or type Il
(TGFBRII) and their ligands such as TGF, Activin, inhibin, Nodal, anti-Millerian hormone,
GDFs or BMPs, auxiliary co-receptors (also known as type Ill receptors), or components of
the SMAD-dependent canonical pathway including regulatory or inhibitory SMAD proteins, or
members of the SMAD-independent or non-canonical pathways including various branches
of MAPK signaling, TAK1, Rho-like GTPase signaling pathways, phosphatidylinositol-3
kinase/AKT pathways, TGF@-induced EMT process, or canonical and non-canonical
Hedgehog signaling pathways including Hh ligands or target genes, or any members of the
WNT, or Notch pathways which are susceptible to influence TGF[(3.

According to a particular embodiment, the anti-fibrotic agent is not an agent selected from:
pirfenidone or receptor tyrosine kinase inhibitors (RTKIs) such as Nintedanib, Sorafenib and
other RTKIs, or angiotensin Il (AT1) receptor blockers, or CTGF inhibitor, or any antifibrotic
compound susceptible to interfere with the TGFB and BMP-activated pathways including
activators of the latent TGFB complex such as MMP2, MMP9, THBS1 or cell-surface
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integrins, TGF( receptors type | (TGFBRI) or type Il (TGFBRII) and their ligands such as
TGFB, Activin, inhibin, Nodal, anti-Mullerian hormone, GDFs or BMPs, auxiliary co-receptors
(also known as type Ill receptors), or components of the SMAD-dependent canonical
pathway including regulatory or inhibitory SMAD proteins, or members of the SMAD-
independent or non-canonical pathways including various branches of MAPK signaling,
TAK1, Rho-like GTPase signaling pathways, phosphatidylinositol-3 kinase/AKT pathways,
TGFB-induced EMT process, or canonical and non-canonical Hedgehog signaling pathways
including Hh ligands or target genes, or any members of the WNT, or Notch pathways which

are susceptible to influence TGF(.

In a particular embodiment of the invention, component (ii) is an anti-cholestatic agent.
lllustrative, non-limiting, anti-cholestatic agents useful in the practice of the present invention
include:

- Apical Sodium-codependent Bile acid Transporter inhibitors (ASBTi);

- Bile acids;

- cathepsin inhibitors;

- CCR antagonists;

- CD40 inhibitors;

- CD80 inhibitors;

- NOX (NADPH oxidase) inhibitors, such as dual NOX (NADPH oxidase) 1&4

inhibitors;

- Farnesoid X receptor (FXR) agonists;

- Fibroblast Growth Factor (FGF) 19 recombinant;

- Fractalkine ligand inhibitors;

- ileal sodium bile acid cotransporter inhibitors; and

- Monoclonal antibodies.

In a further particular embodiment of the invention, component (ii) is an anti-cholestatic
agent. lllustrative, non-limiting, anti-cholestatic agents useful in the practice of the present
invention include:

- Apical Sodium-codependent Bile acid Transporter inhibitors (ASBTi);

- Bile acids;

- cathepsin inhibitors;

- CCR antagonists;

- CD40 inhibitors;

- CD80 inhibitors;
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- dual NOX (NADPH oxidase) 1&4 inhibitors;

- Farnesoid X receptor (FXR) agonists;

- Fibroblast Growth Factor (FGF) 19 recombinant;
- Fractalkine ligand inhibitors;

- ileal sodium bile acid cotransporter inhibitors; and

- Monoclonal antibodies.

According to the invention, the term “acetyl-CoA carboxylase inhibitors” as used herein
includes, but is not limited to GS-0976, ND-654, AC-8632, and PF05175157.

According to the invention, the term “angiotensin type 1 receptor antagonists” as used
herein includes, but is not limited to, Irbesartan.

According to the invention, the term “anti-LPS antibodies” as used herein includes, but
is not limited to IMM-124-E.

According to the invention, the term “antisense oligonucleotide targeting transforming
growth factor beta 2” as used herein includes, but is not limited to ASPH-0047, IMC-TR1,
and ISTH-0047.

According to the invention, the term “apical sodium-codependent bile acid transporter
inhibitor” as used herein includes, but is not limited to A-4250, volixibat, maralixibat formely
SHP-625, GSK-2330672, elobixibat, and CJ-14199.

According to the invention, the term “bile acids” as used herein includes, but is not
limited to obeticholic acid, UDCA, norursodeoxycholic acid, and ursodiol.

According to the invention, the term “biocactive lipids” as used herein includes, but is not
limited to 5-hydroxyeicosapentaenoic acid (15-HEPE, DS-102). In a further particular
embodiment, the bioactive lipid may be selected from unsaturated fatty acids such as
arachidonic acid, eicosapentaneoic acid, and docosahexaenoic acid.

According to the invention, the term “cannabinoid CB1 receptor antagonists” as used
herein includes, but is not limited to namacizumab, GRC-10801, MRI-1569, MRI-1867,
DBPR-211, AM-6527, AM-6545, NESS-11-SM, CXB-029, GCC-2680, TM-38837, Org-
50189, PF-514273, BMS-812204, ZYO-1, AZD-2207, AZD-1175, otenabant, ibipinabant,
surinabant, rimonabant, drinabant, SLV-326, V-24343, and O-2093.

According to the invention, the term “caspase inhibitors” as used herein includes, but is
not limited to emricasan, belnacasan, nivocasan, IDN-7314, F-573, VX-166, YJP-60107, MX-
1122, IDN-6734, TLC-144, SB-234470, IDN-1965, VX-799, SDZ-220-976, and L-709049.

According to the invention, the term “cathepsin inhibitors” as used herein includes, but
is not limited to VBY-376, VBY-825, VBY-036, VBY-129, VBY-285, Org-219517, LY3000328,
RG-7236, and BF/PC-18.
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According to the invention, the term “CCR antagonists” as used herein includes, but is
not limited to cenicriviroc (CCR2/5 antagonist), PG-092, RAP-310, INCB-10820, RAP-103,
PF-04634817, and CCX-872.

According to the invention, the term “CD40 inhibitors” as used herein includes, but is
not limited to FFp-104, xI-050, DOM-0800, XmAb-5485, KGYY-15, FFP-106, TDI-0028, and
ABI-793.

According to the invention, the term “CD80 inhibitors” as used herein includes, but is
not limited to RhuDex, FPT-155, ToleriMab, galiximab, SCH-212394, IGM-001, ASP-2408,
and SCH-204698.

According to the invention, the term “diacylglycerol-O-acyltransferase inhibitors” as
used herein includes, but is not limited to IONIS-DGAT2Rx formely ISIS-DGAT2Rx, LY-
3202328, BH-03004, KR-69530, OT-13540, AZD-7687, and ABT-046.

According to the invention, the term “dipeptidyl peptidase IV inhibitors” as used herein
includes, but is not limited to evogliptin, vidagliptin, fotagliptin, alogliptin, saxagliptin,
tilogliptin, anagliptin, sitagliptin, retagliptin, melogliptin, gosogliptin, trelagliptin, teneligliptin,
dutogliptin, linagliptin, gemigliptin, yogliptin, betagliptin, imigliptin, omarigliptin, vidagliptin,
and denagliptin.

According to the invention, the term “dual Farnesoid X receptor (FXR) / TGR5 agonists”
as used herein includes, but is not limited to INT-767.

According to the invention, the term “dual NOX (NADPH oxidase) 1&4 inhibitors” as
used herein includes, but is not limited to GKT-831 (2-(2-chlorophenyl)-4-[3-
(dimethylamino)phenyl]-5-methyl-1H-pyrazolo[4,3-c]pyridine-3,6(2H,5H)-dione), formely
GKT137831, and GKT-901.

According to the invention, the term “extracellular matrix protein modulators” as used
herein includes, but is not limited to CNX-024, CNX-025, and SB-030.

According to the invention, the term “Fatty Acid Synthase (FAS) inhibitors” as used
herein include, but is not limited to TVB-2640; TVB-3664; TVB-3166 ; TVB-3150 ; TVB-3199
; TVB-3693; BZL-101 ; 2-octadecynoic acid ; MDX-2 ; Fasnall ; MT-061 ; G28UCM ; MG-28
; HS-160 ; GSK-2194069 ; KD-023 ; cilostazol. In a particular embodiment, the FAS inhibitor

is a compound selected in the following list of compounds:
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In another particular embodiment, the FAS inhibitor is selected from:

/
N O o
CN

N. and TVB-2640.

5
N
Qi 0
x
SN and TVB-2640.
In a particular embodiment, the FAS inhibitor is TVB-2640.
10 According to the invention, the term “Farnesoid X receptor (FXR) agonists” as used

herein includes, but is not limited to obeticholic acid, GS-9674, LJN-452, LIN-763, LMB763,
EDP-305, AKN-083, INT-767, GNF-5120, LY2562175, INV-33, NTX-023-1, EP-024297,

EPY-001, Px-103, and SR-45023.

According to the invention, the term “Fatty Acid Bile Acid Conjugates, FABAC)” as used

15 herein includes but is not limited to Aramchol.

According to the invention, the term “Fractalkine ligand inhibitors” as used herein

includes, but is not limited to E-6011, and KAN-0440567.

According to the invention, the term ‘Fibroblast Growth Factor 19 (FGF-19)

recombinants” as used herein includes, but is not limited to NGM-282.
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According to the invention, the term “Fibroblast Growth Factor 21 (FGF-21) agonists”
as used includes, but is not limited to PEG-FGF21 formely BMS-986036, YH-25348, BMS-
986171, YH-25723, LY-3025876, and NNC-0194-0499.

According to the invention, the term “Galectin 3 inhibitors” as used herein includes, but
is not limited to GR-MD-02, TD-139, ANG-4021, Galectin-3C, LJIPC-201, TFD-100, GR-MD-
03, GR-MD-04, GM-MD-01, GM-CT-01, GM-CT-02, Gal-100, and Gal-200.

According to the invention, the term “Glucagon-like peptide-1 (GLP-1) analogs” as used
herein includes, but is not limited to semaglutide, liraglutide, exenatide, albiglutide,
dulaglutide, lixisenatide, loxenatide, efpeglenatide, taspoglutide, MKC-253, DLP-205, and
ORMD-0901.

According to the invention, the term “Glucagon-like peptide-1 (GLP-1) receptor agonist”
as used herein includes, but is not limited to LY-3305677, and Oxyntomodulin long acting.

According to the invention, the term “G-protein coupled receptor (GPCR) modulators”
as used herein includes, but is not limited to CNX-023.

According to the invention, the term “ileal sodium bile acid cotransporter inhibitors” as
used herein includes, but is not limited to A-4250, GSK-2330672, volixibat, CJ-14199, and
elobixibat.

According to the invention, the term “immunomodulators” as used herein includes, but
is not limited to PBI-4050, and AIC-649.

According to the invention, the term “integrin inhibitors” as used herein includes, but is
not limited to integrin inhibitors of Pliant Therapeutic, integrin inhibitors of Indalo
Therapeutics, integrin inhibitors of St Louis University, ProAgio, and GSK-3008348.

According to the invention, the term “leukotriene/phosphodiesterase /lipoxygenase
inhibitors” as used includes, but is not limited to tipelukast (formely MN-001), tomelukast,
sulukast, masilukast, zafirlukast, pranlukast, montelukast, gemilukast, verlukast, aklukast,
pobilikast, cinalukast, and iralukast.

According to the invention, the term “macrolides” as used herein includes, but is not
limited to solithromycin, azithromycin, and erythromycin .

According to the invention, the term “macrophage mannose receptor modulators” as
used herein includes, but is not limited to AB-0023, MT-1001, [18F]FB18mHSA,
Xemys,technetium Tc 99m tilmanocept, and CDX-1307.

According to the invention, the term “miRNA antagonists” as used herein includes, but
is not limited to RG-125 formely AZD4076, RGLS-5040, RG-101, MGN-5804, and MRG-201.

According to the invention, the term “metalloprotease-9 (MMP-9) stimulators” as used

herein includes, but is not limited to MMP-9 stimulator of Elastomics Ab.
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According to the invention, the term “myeloperoxidase inhibitor” as used herein
includes, but is not limited to PF-06667272.

According to the invention, the term “monoclonal antibodies” as used includes, but is
not limited to bertilimumab, NGM-313, IL-20 targeting mAbs, fresolimumab (antiTGF()
formely GC1008, timolumab formely BTT-1023, namacizumab, omalizumab, ranibizumab,
bevacizumab, lebrikizumab, epratuzumab, felvizumab, matuzumab, monalizumab,
reslizumab, inebilizumab, foralumab (NI-0401, anti-CD3), simtizumab (GS-6624) mAb
against LOXL2, and ustekinumab an anti-TNF antibody.

In a particular embodiment, the monoclonal antibody is selected in the group consisting
of anti-IL20 mAbs, anti-TGFB antibodies, anti-CD3 antibodies, anti-LOXL2 antibodies and
anti-TNF antibodies.

According to the invention, the term “mTOR modulators” as used herein includes, but is
not limited to MSDC-0602, AAV gene therapy co-administered with SVP-sirolimus.

According to the invention, the term “NF-kappa B inhibitors” as used herein includes,
but is not limited to LC-280126.

According to the invention, the term “non-steroid anti-inflammatory drugs (NSAIDs)” as
used herein includes, but is not limited to F-351, salicylates (aspirin), acetaminophen,
propionic acid derivatives (ibuprofen, naproxen), acetic acid derivatives (indomethacin,
diclofenac), enolic acid derivatives (piroxicam, phenylbutazone), anthranilic acid derivatives
(meclofenalmic acid, flufenamic acid), selective COX-2 inhibitors (celecoxib, parecoxib), and
sulfonanilides (nimesulide).

According to the invention, the term “nuclear receptor ligands” as used herein includes,
but is not limited to DUR-928 formely DV 928.

According to the invention, the term “P2Y13 protein agonists” as used herein includes,
but is not limited to CER-209.

According to the invention, the term “PDGFR modulators” as used herein includes, but
is not limited to BOT-501, and BOT-191.

According to the invention, the term “protein kinase modulators” as used herein
includes, but not limited to, CNX-014, MB-11055, ALF-1, mangiferin, amlexanox, GS-
444217, REG-101, and valine.

According to the invention, the term “Rho-associated protein kinase 2 (ROCK2)
inhibitors” as used herein includes, but is not limited to KD-025, TRX-101, BA-1049, LYC-
53976, INS-117548, and RKI-1447.

According to the invention, the term “signal-regulating kinase 1 (ASK1) inhibitors” as

used herein includes, but is not limited to selonsertib (formerly GS-4997).
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According to the invention, the term “sodium-glucose transport (SGLT) 1inhibitors” as
used herein includes, but is not limited to LIK-066 (Licoglifozin).

According to the invention, the term “sodium-glucose transport (SGLT) 2 inhibitors” as
used herein includes, but is not limited to remogliflozin, dapagliflozin, empagliflozin,
ertugliflozin, sotagliflozin, ipragliflozin, tianagliflozin, canagliflozin, tofogliflozin, janagliflozin,
bexagliflozin, luseogliflozin, sergliflozin, HEC-44616, AST-1935, and PLD-101.

According to the invention, the term “stearoyl CoA desaturase-1 inhibitors/fatty acid bile
acid conjugates” as used herein is includes, but is not limited to aramchol, GRC-9332,
steamchol, TSN-2998, GSK-1940029, and XEN-801.

According to the invention, the term “Thyroid Hormone Receptor B (THR B) agonists”
as used herein includes, but is not limited to VK-2809 ; MGL-3196 ; MGL-3745 ; SKL-14763
; sobetirome ; BCT-304 ; ZYT-1 ; MB-07811 ; and eprotirome.

According to the invention, the term “Toll Like Receptor 4 (TLR-4) antagonists” as used
herein includes, but is not limited to naltrexone, JKB-121 also known as Nalmefene, M-
62812, resatorvid, dendrophilin, CS-4771, AyuV-1, AyuV-25, NI-0101, EDA-HPVE?, and
eritoran.

According to the invention, the term “Toll Like Receptor 2 and 4 (TLR-2) antagonists”
as used herein includes, but is not limited to CI-201 also known as VB-201.

According to the invention, the term “tyrosine kinase receptor (RTK) modulators” as
used herein includes, but is not limited to, RTK inhibitors. In a particular embodiment of the
invention, the RTK modulators include CNX-025, and KBP-7018. In a particular embodiment,
the RTK modulator is not a PPAR agonist.

According to the invention, the term “vascular adhesion protein-1 (VAP-1) inhibitors” as
used herein includes, but is not limited to PXS-4728A, CP-664511, PRX-167700, ASP-8232,
RTU-1096, RTU-007, and BTT-1023.

According to the invention, the term “vitamin D receptor (VDR) agonists” as used
herein includes, but is not limited to calciferol, alfacalcidol, 1,25-dihydroxyvitamin D3,
Vitamin D2, Vitamin D3, calcitriol, Vitamin D4, Vitamin D5, dihydrotachysterol, calcipotriol,

tacalcitol 1,24- dihydroxyvitamin D3 and paricalcitol.

In a particular embodiment of the combination product of the invention:

- component (ii) is an anti-NASH, anti-fibrotic or anti-cholestatic; and

- component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-thiazol-2-
yl)carbamoyl]lphenyl  (d3)ethanoate,  2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl  (d2)
ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyllphenyl (d1) ethanoate, 2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutancate  (such as  (S)-2-(5-nitrothiazol-2-
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ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(6-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt).

In a particular variant of this embodiment, component (ii) is not a PPAR agonist.

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyllphenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyllphenyl (d1) ethanoate, 2-(5-nitrothiazol-
2-ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and

component (ii) is an anti-NASH agent selected in the group consisting of:

- Acetyl-CoA Carboxylase inhibitors;

- Anti-LPS antibodies;

- Apical sodium-codependent bile acid transporter inhibitors;

- bioactive lipids;

- Cannabinoid CB1 receptor antagonists;

- Caspase inhibitors;

- Cathepsin inhibitors;

- CCR antagonists;

- Diacylglycerol-O-acyltransferase (DGAT) inhibitors;

- Dipeptidyl peptidase IV (DPP4) inhibitors;

- Dual NOX (NADPH oxidase) 1&4 inhibitors;

- Extracellular matrix protein modulators;
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Stearoyl CoA desaturase-1 inhibitors/fatty acid bile acid conjugates (FABAC);
Fatty Acid Synthase (FAS) inhibitors;

Fibroblast Growth Factor 19 (FGF-19) recombinants;
Fibroblast Growth Factor 21 (FGF-21) agonists;
Farnesoid X Receptor (FXR) agonists;

Galectin 3 inhibitors;

Glucagon-Like Peptide-1 (GLP-1) analogs and GLP-1 receptor agonists;
G-Protein Coupled Receptor (GPCR) modulators;
Integrin inhibitors;

Leukotriene (LT)/Phosphodiesterase (PDE)/Lipoxygenase (LO) inhibitors;
Macrolides;

miRNA antagonists;

Monoclonal antibodies;

Myeloperoxidase inhibitors;

mTOR modulators;

nuclear receptor ligands;

P2Y13 protein agonists;

Protease-Activated Receptor (PAR)-2 antagonists;
Protein kinase modulators

Rho-associated protein kinase 2 (ROCK2) inhibitors;
Sodium-GLucose Transport (SGLT) 1 and 2 inhibitors;
signal-regulating kinase 1 (ASK1) inhibitors;

Thyroid Hormone Receptor B (THR 38) agonists;

Toll Like Receptor 2 and 4 (TLR-2 and 4) antagonists;
Tyrosine Kinase Receptor (RTK) modulators;
Vascular Adhesion Protein-1 (VAP-1) inhibitors;
Vitamin D receptor (VDR) agonists;

KB-GE-001;

NGM-386;

NGM-395;

NC-10; and

TCM-606F.

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate, 2-(5-nitrothiazol-
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2-ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and

component (ii) is an anti-NASH agent selected in the group consisting of:

- Acetyl-CoA Carboxylase inhibitors;

- Anti-LPS antibodies;

- Apical sodium-codependent bile acid transporter inhibitors;

- bioactive lipids;

- Cannabinoid CB1 receptor antagonists;

- Caspase inhibitors;

- Cathepsin inhibitors;

- CCR antagonists;

- Diacylglycerol-O-acyltransferase (DGAT) inhibitors;

- Dipeptidyl peptidase |V (DPP4) inhibitors;

- Dual NOX (NADPH oxidase) 1&4 inhibitors;

- Extracellular matrix protein modulators;

- Stearoyl CoA desaturase-1 inhibitors/fatty acid bile acid conjugates (FABAC);

- Fibroblast Growth Factor 19 (FGF-19) recombinants;

- Fibroblast Growth Factor 21 (FGF-21) agonists;

- Farnesoid X Receptor (FXR) agonists;

- Galectin 3 inhibitors;

- Glucagon-Like Peptide-1 (GLP-1) analogs;

- G-Protein Coupled Receptor (GPCR) modulators;

- Integrin inhibitors;

- Leukotriene (LT)/Phosphodiesterase (PDE)/Lipoxygenase (LO) inhibitors;

- Macrolides;

- miRNA antagonists ;

- Monoclonal antibodies;

- mTOR modulators;
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- nuclear receptor ligands;

- P2Y13 protein agonists;

- Protease-Activated Receptor (PAR)-2 antagonists;
- Protein kinase modulators;

- Rho-associated protein kinase 2 (ROCK2) inhibitors;
- Sodium-GLucose Transport (SGLT) 2 inhibitors;

— signal-regulating kinase 1 (ASK1) inhibitors;

- Thyroid Hormone Receptor 8 (THR ) agonists;

- Toll Like Receptor 4 (TLR- 4) antagonists;

- Tyrosine Kinase Receptor (RTK) modulators;

- Vascular Adhesion Protein-1 (VAP-1) inhibitors;

- Vitamin D receptor (VDR) agonists;

- KB-GE-001;

- NGM-386;

- NGM-395;

- NC-10; and

- TCM-606F.

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate, 2-(5-nitrothiazol-
2-ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl  2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(6-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and
component (i) is an anti-fibrotic agent selected in the group consisting of:

- Angiotensin Il receptor blockers

- antisense oligonucleotides targeting Transforming Growth Factor beta 2 (TGF-B2);

- Bioactive lipids;

- Caspase inhibitors;
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- Dual Farnesoid X receptor (FXR) / TGR5 agonists;

- NOX (NADPH oxidase) inhibitors, such as Dual NOX (NADPH oxidase) 1&4
inhibitors;

- Galectin 3 inhibitors;

- Immunomodulators;

- Integrin inhibitors;

- Macrophage mannose receptor modulators;

- Metalloprotease-9 (MMP-9) stimulators;

- Monoclonal antibodies;

- NF-kappa B inhibitors;

- Non-Steroid Anti-Inflammatory Drugs (NSAIDs);

- PDGFR modulators;

- HEC-585,

- INV-240,

- RNAi therapeutic (e.g. Silence Therapeutics); and

- the SAMIRNA program (Bioneer Corp).

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate, 2-(5-nitrothiazol-
2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentancate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and
component (i) is an anti-fibrotic agent selected in the group consisting of:

- antisense oligonucleotides targeting Transforming Growth Factor beta 2 (TGF-32);

- Bioactive lipids;

- Caspase inhibitors;

- Dual Farnesoid X receptor (FXR) / TGR5 agonists;

- Dual NOX (NADPH oxidase) 1&4 inhibitors;
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- Galectin 3 inhibitors;

- Immunomodulators;

- Integrin inhibitors;

- Macrophage mannose receptor modulators;

- Metalloprotease-9 (MMP-9) stimulators;

- Monoclonal antibodies;

- NF-kappa B inhibitors;

- Non-Steroid Anti-Inflammatory Drugs (NSAIDs);
- PDGFR modulators;

- HEC-585,

- INV-240,

- RNAI therapeutic (e.g. Silence Therapeutics); and
- the SAMIRNA program (Bioneer Corp).

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate, 2-(5-nitrothiazol-
2-ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanocate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S8,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and
component (ii) is an anti-cholestatic agent selected in the group consisting of:

- Apical Sodium-codependent Bile acid Transporter inhibitors (ASBTi);

- Bile acids;

- cathepsin inhibitors;

- CCR antagonists;

- CD40 inhibitors;

- CD80 inhibitors;

- NOX (NADPH oxidase) inhibitors, such as dual NOX (NADPH oxidase) 1&4

inhibitors;
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- Farnesoid X receptor (FXR) agonists;

- Fibroblast Growth Factor (FGF) 19 recombinant;
- Fractalkine ligand inhibitors;

- ileal sodium bile acid cotransporter inhibitors;

- Monoclonal antibodies.

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyllphenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyllphenyl (d1) ethanoate, 2-(5-nitrothiazol-
2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and
component (ii) is an anti-cholestatic agent selected in the group consisting of:

- Apical Sodium-codependent Bile acid Transporter inhibitors (ASBTi);

- Bile acids;

- cathepsin inhibitors;

- CCR antagonists;

- CD40 inhibitors;

- CDB80 inhibitors;

- dual NOX (NADPH oxidase) 1&4 inhibitors;

- Farnesoid X receptor (FXR) agonists;

- Fibroblast Growth Factor (FGF) 19 recombinant;

- Fractalkine ligand inhibitors;

- ileal sodium bile acid cotransporter inhibitors; and

- Monoclonal antibodies.

In a particular embodiment, component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-
thiazol-2-yl)carbamoyl]phenyl  (d3)ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl
(d2) ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate, 2-(5-nitrothiazol-
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2-ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride
salt), component (i) being more particularly NTZ or a pharmaceutically acceptable salt
thereof; and

component (ii) is a FAS inhibitor.

In a particular embodiment of the combination product of the invention:

- component (i) is a ROCK2 inhibitor (in particular KD-025), an ACC inhibitor (in
particular (GS-0976), an ASK1 inhibitor (in particular Selonsertib), a dual NOX1 and NOX4
inhibitor (in particular GKT-831, formerly GKT137831), a FABAC (in particular Aramchol), a
FXR agonist (in particular Tropifexor) or a CCR antagonist (in particular CVC); and

- component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-thiazol-2-
yh)carbamoyllphenyl  (d3)ethanoate,  2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl  (d2)
ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyllphenyl (d1) ethanoate, 2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanoate  (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentancate (such as (2S,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride

salt).

In a particular embodiment of the combination product of the invention:

- component (i) is a ROCK2 inhibitor (in particular KD-025), an ACC inhibitor (in
particular (GS-0976), an ASK1 inhibitor (in particular Selonsertib), a dual NOX1 and NOX4
inhibitor (in particular GKT-831, formerly GKT137831), a FABAC (in particular Aramchol), a
FXR agonist (in particular Tropifexor) or a CCR antagonist (in particular CVC); and
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- component (i) is selected from NTZ, TZ, TZG, 2-[(5-nitro-1,3-thiazol-2-
yh)carbamoyllphenyl  (d3)ethanoate,  2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl  (d2)
ethanoate, 2-[(5-nitro-1,3-thiazol-2-yl)carbamoyl]phenyl (d1) ethanoate, 2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl  2-amino-3,3-dimethylbutanoate  (such as (S)-2-(5-nitrothiazol-2-
ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt), 2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl  2-amino-3-methylpentanocate (such as (25,3S)-2-(5-
nitrothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride salt), 2-
(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate (such as (S)-2-(5-
chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3,3-dimethylbutanoate or its hydrochloride salt),
and 2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate (such as (2S,3S)-
2-(5-chlorothiazol-2-ylcarbamoyl)phenyl 2-amino-3-methylpentanoate or its hydrochloride

salt).

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt
thereof, and component (ii) is a ROCK2 inhibitor (in particular KD-025), an ACC inhibitor (in
particular (GS-0976), an ASK1 inhibitor (in particular Selonsertib), a dual NOX1 and NOX4
inhibitor (in particular GKT-831, formerly GKT137831), a FABAC (in particular Aramchol), a
FXR agonist (in particular Tropifexor) or a CCR antagonist (in particular CVC).

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt
thereof, and component (ii) is a ROCK2 inhibitor (in particular KD-025)

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt
thereof, and component (ii) is an ACC inhibitor (in particular (GS-0976),

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt

thereof, and component (ii) is an ASK1 inhibitor (in particular Selonsertib)

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt
thereof, and component (ii) is or a dual NOX1 and NOX4 inhibitor (in particular GKT-831,
formerly GKT137831).

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt

thereof, and component (ii) a FABAC (in particular Aramchol).
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In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt

thereof, and component (ii) a FXR agonist (in particular Tropifexor).

In a particular embodiment, component (i) is NTZ or a pharmaceutically acceptable salt

thereof, and component (ii) a CCR antagonist (in particular CVC).

In a particular embodiment, the combination product of the invention further comprises at
least one other therapeutically active agent selected from JAK/STAT inhibitors and other

anti-inflammatory agent and/or an immunosuppressant agent.

lllustrative anti-inflammatory and/or immunosuppressant agents are selected in the group
consisting of glucocorticoids, NSAIDS, cyclophosphamide, nitrosoureas, folic acid analogs,
purine analogs, pyrimidine analogs, methotrexate, azathioprine, mercaptopurine, ciclosporin,
myriocin, tacrolimus, sirolimus, mycophenolic acid derivatives, fingolimod and other
sphingosine-1-phosphate receptor modulators, monoclonal and/or polyclonal antibodies
against such targets as proinflammatory cytokines and proinflammatory cytokine receptors,

T-cell receptor and integrins.

In another particular embodiment the synergistic combination of the invention may further
comprise at least one therapeutically active agent with known antifibrotic activity selected
from pirfenidone or receptor tyrosine kinase inhibitors (RTKIls) such as Nintedanib, Sorafenib
and other RTKIs, or angiotensin Il (AT1) receptor blockers, or CTGF inhibitor, or any
antifibrotic compound susceptible to interfere with the TGFB and BMP-activated pathways
including activators of the latent TGFB complex such as MMP2, MMP9, THBS1 or cell-
surface integrins, TGFB receptors type | (TGFBRI) or type Il (TGFBRII) and their ligands
such as TGF, Activin, inhibin, Nodal, anti-Mdllerian hormone, GDFs or BMPs, auxiliary co-
receptors(also known as type lll receptors), or components of the SMAD-dependent
canonical pathway including regulatory or inhibitory SMAD proteins, or members of the
SMADindependent or non-canonical pathways including various branches of MAPK
signaling, TAK1, Rho-like GTPase signaling pathways, phosphatidylinositol-3 kinase/AKT
pathways, TGFB-induced EMT process, or canonical and non-canonical Hedgehog signaling
pathways including Hh ligands or target genes, or any members of the WNT, or Notch

pathways which are susceptible to influence TGFf signaling.

In a specific embodiment of the invention, the other therapeutically active agent is a PPAR

agonist.
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In another particular embodiment, the PPAR agonist is a PPAR-alpha agonist, a PPAR-
gamma agonist, a PPAR-delta agonist, a PPAR-alpha/gamma dual agonist, a PPAR
alpha/delta dual agonist, a PPAR gamma/delta dual agonist or PPAR alpha/gamma/delta

pan agonist.

In a particular embodiment, the other therapeutically active agent is:
- at least one PPAR-alpha agonist;
- at least one PPAR-gamma agonist;
- at least one PPAR-delta agonist;
- at least one PPAR-alpha/delta dual agonist;
- at least one PPAR-alpha agonist and at least one PPAR delta agonist;
- at least one PPAR-alpha/gamma dual agonist;
- at least one PPAR-alpha agonist and at least one PPAR gamma agonist;
- at least one PPAR-gamma/delta dual agonist;
- at least one PPAR-gamma agonist and at least one PPAR delta agonist;
- at least one PPAR-alpha/gamma/delta pan agonist; and
- at least one PPAR-alpha agonist, at least one PPAR-gamma agonist and at least

one PPAR-delta agonist.

According to the present invention, the term “PPAR(s) agonists” refers the Peroxisome
Proliferator Activated Receptor agonists, which are a class of drugs which plays a central
role in lipid and glucose homeostasis. PPARa mainly influences fatty acid metabolism and its
activation lowers lipid levels, while PPARYy is mostly involved in the regulation of the
adipogenesis, energy balance, and lipid biosynthesis. PPAR® participates in fatty acid
oxidation, mostly in skeletal and cardiac muscles, but it also regulates blood glucose and
cholesterol levels.

PPAR agonist may be in the form of a salt, hydrate, solvate, polymorph, or a co-crystal.
PPAR agonist may also be in the form of a hydrate, solvate, polymorph, or a co-crystal of a
salt.

According to the invention, the term “PPAR alpha agonists” as used herein includes,
but is not limited to fenofibrate, ciprofibrate, pemafibrate, gemfibrozil, clofibrate, binifibrate,
clinofibrate, clofibric acid, nicofibrate, pirifibrate, plafibride, ronifibrate, theofibrate, tocofibrate,
SR10171;

According to the invention, the term “PPAR gamma agonists” as used herein includes,

but is not limited to Pioglitazone, deuterated pioglitazone, Rosiglitazone, efatutazone, ATx08-
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001, OMS-405 , CHS-131, THR-0921, SER-150-DN, KDT-501, GED-0507-34-Levo, CLC-
3001, ALL-4.
According to the invention, the term “PPAR delta agonists” as used herein includes, but
is not limited to GW501516 (Endurabol or ({4-[({4-methyl-2-[4-(trifluoromethyl)phenyl]-1,3-
5 thiazol-5-yl}methyl)sulfanyl]-2-methylphenoxy}acetic acid)) or MBX8025 (Seladelpar or {2-
methyl-4-[5-methyl-2-(4-trifluoromethyl- phenyl)-2H-[I,2,3]triazol-4-yImethylsylfanyl]-
phenoxy}-acetic acid) or GW0742 ([4-[[[2-[3-fluoro-4- (trifluoromethyl)phenyl]-4-methyl-5-
thiazolyllmethyl]thio]-2-methyl phenoxylacetic acid) or L165041 or HPP-593 or NCP-1046.

According to the invention, the term “PPAR alpha/gamma agonists” (also named

10 glitazars) used herein includes, but is not limited to Saroglitazar, Aleglitazar, Muraglitazar,
Tesaglitazar, DSP-8658.

According to the invention, the term “PPAR alpha/delta agonists” used herein includes,
but is not limited to Elafibranor (GFT505) or T913659.

According to the invention, the term “PPAR gammal/delta agonist” used herein

15  includes, but is not limited to a conjugated linoleic acid (CLA), T3D-959.

According to the invention, the term “PPAR alpha/gamma/delta agonists” or “PPARpan
agonists” used herein includes, but is not limited to IVA337 or TTA (tetradecylthioacetic acid)
or Bavachinin or GW4148 or GW9135, or Bezafibrate or Lobeglitazone, or CS038.According
to the invention, the term “protease-activated receptor (PAR)-2 antagonists” as used herein

20 includes, butis not limited to PZ-235 ; NP-003.

In @ more particular embodiment, the PPAR agonist is a compound of formula (lll), or a

pharmaceutically acceptable salt thereof:
Yy

A Y4

Y2

Ys (I
25 in which:
Y1 represents a halogen, a Ra, or Ga-Ra group;
A represents a CH=CH or a CH2-CH2 group;
Y2 represents a Gb-Rb group;
Ga and Gb, identical or different, represent an atom of oxygen or sulfur;
30 Ra represents a hydrogen atom, an unsubstituted (C1-C6)alkyl group, a (C6-C14)aryl
group or a (C1-C6)alkyl group that is substituted by one or more halogen atoms, a (C1-
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C6lalkoxy or a (C1-C6)alkylthio group, (C3-C14)cycloalkyl groups, (C3-
C14)cycloalkylthio groups or heterocyclic groups;

Rb represents a (C1-C6)alkyl group substituted by at least a -COORc group, wherein
Rc represents a hydrogen atom, or a (C1-C6)alkyl group that is substituted or not by
one or more halogen atoms, (C3-C14)cycloalkyl groups, or heterocyclic groups; and

Y4 and Y5, identical or different, representing a (C1-C6)alkyl group that is substituted

or not by one or more halogen atoms, (C3-C14)cycloalkyl groups or heterocyclic groups.

In a particular embodiment of the compound of formula (Il1):

Y1 represents a halogen, a Ra, or a Ga-Ra group;

A represents a CH=CH group;

Y2 represents a Gb-Rb group;

Ga and Gb, identical or different, represent an atom of oxygen or sulfur;

Ra represents a (C1-C6)alkyl or (C3-C14)cycloalkyl group, in particular a (C1-C7)alkyl
or (C3-C14)cycloalkyl group substituted or not by one or more halogen atoms;

Rb represents a (C1-C6)alkyl group substituted by a —COOR3 group, wherein Rc
represents a hydrogen atom or an alkyl group having from one to four carbon atoms; and

Y4 and Y5 independently represent a (C1-C4)alkyl group.

In a particular embodiment of the compound of formula (Il):

Y1 represents a Ra or Ga-Ra group;

A represents a CH2-CH2 group;

Y2 represents a Gb-Rb group;

Ga represents an atom of oxygen or sulfur and Gb represents an atom of oxygen;

Ra represents a (C1-C6)alkyl or (C3-C7)cycloalkyl group;

Rb represents a (C1-C6)alkyl group substituted by at least a -COORc group, wherein
Rc represents a hydrogen atom or (C1-C4)alkyl group; and

Y4 and Y5 independently represent a (C1-C4)alkyl group.

In a particular embodiment of the compound of formula (Ill):

Y1 represents a halogen atom or a Ra or Ga-Ra group;

A represents a CH2-CH2 group;

Y2 represents a Gb-Rb group;

Ga represents an atom of oxygen or sulfur and Gb represents an atom of oxygen;

Ra represents a (C1-C6)alkyl or (C3-C14)cycloalkyl group that is substituted by one or

more halogen atoms;
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Rb represents a (C1-C6)alkyl group substituted or not by one or more halogen atoms
and substituted by at least a -COORc group, wherein Rc represents a hydrogen atom or a
(C1-C4)alkyl group; and

Y4 and Y5 represent a (C1-C4)alkyl group.

In a particular embodiment of the compound of formula (Il), Gb is an oxygen atom and
Rb is (C1-C6)alkyl group substituted by a —COORc group, wherein Rc represents a

hydrogen atom or an unsubstituted linear or branched (C1-C4)alkyl group.

In a particular embodiment of the compound of formula (lll), Y1 is a (C1-C6)alkylthio
group that comprises a (C1-C6)alkyl group that is linear or branched that is substituted or not

by one or more halogen atoms.

In a particular embodiment, the compound of formula (lll) is selected in the group
consisting of 1-[4-methylthiophenyl]-3-[3,5-dimethyl-4-carboxydimethylmethyloxy
phenyllprop-2-en-1-one (Elafibranor or GFT505), 1-[4-methylthiophenyl]-3-[3,5-dimethyl-4-
isopropyloxy carbonyldimethylmethyloxyphenyllprop-2-en-1-one, 1-[4-methylthiophenyl]-3-
[3,5-dimethyl-4-tertbutyloxycarbonyldimethylmethyloxyphenyl] prop-2-en-1-one, 1-[4-
trifluoromethylphenyl]-3-[3,5-dimethyl-4-tertbutyloxycarbonyl dimethylmethyloxyphenyl]prop-
2-en-1-one, 1-[4-trifluoromethylphenyl]-3-[3,5-dimethyl-4-
carboxydimethylmethyloxyphenyllprop-2-en-1-one,  1-[4-trifluoromethyl  oxyphenyl]-3-[3,5-
dimethyl-4-tertbutyloxycarbonyldimethylmethyloxy phenyl] prop-2-en-1-one, 1-[4-
trifluoromethyloxyphenyl]-3-[3,5-dimethyl-4-carboxydimethylmethyl  oxyphenyl]prop-2-en-1-
one, 2-[2,6-dimethyl-4-[3-[4-(methylthio)phenyl]-3-oxo-propyl] phenoxyl-2-methylpropanoic
acid, and 2-[2,6-dimethyl-4-[3-[4-(methylthio) phenyl]-3-oxo-propyllphenoxy]-2-methyl-

propanoic acid isopropy! ester.

In a more particular embodiment, the PPAR agonist is 1-[4-methylthiophenyl]-3-[3,5-
dimethyl-4-carboxydimethylmethyloxy phenyl]prop-2-en-1-one (or Elafibranor — GFT505), or

a pharmaceutically acceptable salt thereof.

In a particular embodiment, the combination product of the invention is a composition
comprising components (i) and (ii) as described above, and a pharmaceutically acceptable

carrier.
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In a particular embodiment, the combination product is a kit of parts comprising components

(i) and (ii) as described above, for sequential, separate or simultaneous use.

In a further embodiment, components i) and ii) are formulated in an injectable suspension, a
gel, an oil, a pill, a tablet, a suppository, a powder, a capsule, an aerosol, an cinment, a

cream, a patch, or means of galenic forms for a prolonged and/or slow release.

In another embodiment, components (i) and (ii) of the combination product are for use in the

treatment of any of the diseases mentioned below.

The present invention also relates to the combination product according to the invention, for

use as a medicament.

The invention also relates to the combination product herein disclosed, for use in a method
for the treatment of a disease. In another embodiment, the invention relates to a method for
the treatment of a disease, comprising administering to a subject in need thereof a
therapeutically effective amount of the combination product herein disclosed. In another
embodiment, it is provided the use of a combination product according to the invention, for

the manufacture of a medicament for the treatment of a disease.

In particular, the combination product of the present invention is useful for the treatment of
diseases such as immune, inflammatory, metabolic, fibrotic and cholestatic diseases. In a
particular embodiment, the disease is selected in the group consisting of metabolic liver
diseases, non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH),
drug-induced liver diseases, alcohol-induced liver diseases, infectious agent induced liver
diseases, inflammatory liver diseases, immune system dysfunction-mediated liver diseases,
dyslipidemia, cardiovascular diseases, restenosis, syndrome X, metabolic syndrome,
diabetes, obesity, hypertension, chronic cholangiopathies such as Primary Sclerosing
Cholangitis (PSC), Primary Biliary Cholangitis (PBC), biliary atresia, familial intrahepatic
cholestasis type 3 (PFIC3), inflammatory bowel diseases, Crohn's disease, ulcerative colitis,
keloid, old myocardial infarction, scleroderma/systemic sclerosis, inflammatory diseases,
neurodegenerative  diseases, cancers, liver cancer, hepatocallular carcinoma,
gastrointestinal cancer, gastric cancer, meningioma associated with neurofibromatosis,

pancreatic  neuroendocrine  tumors, pancreatic  exocrine  tumors, leukemia,
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myeloproliferative/myelodisplastic diseases, mastocytosis, dermatofibrosarcoma, solid
tumors including breast, lung, thyroid or colorectal cancer, a prostate cancer, liver fibrosis or
cirrhosis of any origin, metabolic disease-induced liver fibrosis or cirrhosis, NAFLD-induced
fibrosis or cirrhosis, NASH-induced fibrosis or cirrhosis, alcohol-induced liver fibrosis or
cirrhosis, drug-induced liver fibrosis or cirrhosis, infectious agent-induced liver fibrosis or
cirrhosis, parasite infection-induced liver fibrosis or cirrhosis, bacterial infection-induced liver
fibrosis or cirrhosis, viral infection-induced fibrosis or cirrhosis, HBV-infection induced liver
fibrosis or cirrhosis, HCV-infection induced liver fibrosis or cirrhosis, HIV-infection induced
liver fibrosis or cirrhosis, dual HCV and HIV-infection induced liver fibrosis or cirrhosis,
radiation- or chemotherapy-induced fibrosis or cirrhosis, biliary tract fibrosis, liver fibrosis or
cirrhosis due to any chronic cholestatic disease, gut fibrosis of any etiology, Crohn's disease-
induced fibrosis, ulcerative colitis-induced fibrosis, intestine (e.g. small intestine) fibrosis,
colon fibrosis, stomach fibrosis, skin fibrosis, epidermis fibrosis, endodermis fibrosis, skin
fibrosis due to scleroderma/systemic sclerosis, lung fibrosis, lung fibrosis consecutive to
chronic inflammatory airway diseases, such as COPD, asthma, emphysema, smoker’s
lung,tuberculosis, pulmonary fibrosis, idiopathic pulmonary fibrosis (IPF), heart fibrosis,
kidney fibrosis, nephrogenic systemic fibrosis, muscle fibrosis, soft tissue (e.g. mediastinum
or retroperitoneum) fibrosis, bone marrow fibrosis, joint fibrosis, tendon fibrosis, cartilage
fibrosis, pancreas fibrosis, uterus fibrosis, nervous system fibrosis, testis fibrosis, ovary
fibrosis, adrenal gland fibrosis, artery fibrosis, vein fibrosis, eye fibrosis, endomyocardial
fibrosis, mediastinal fibrosis, myelofibrosis, retroperitoneal fibrosis, progressive massive
fibrosis (a complication of coal workers' pneumoconiosis), proliferative fibrosis, neoplastic

fibrosis, peri-implantational fibrosis and asbestosis, arthrofibrosis, adhesive capsulitis.

In a most preferred embodiment, the disease is selected in the group consisting of metabolic
liver diseases, non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis
(NASH), drug-induced liver diseases, alcohol-induced liver diseases, infectious agent
induced liver diseases, inflammatory liver diseases, immune system dysfunction-mediated
liver diseases, dyslipidemia, cardiovascular diseases, restenosis, syndrome X, metabolic
syndrome, diabetes, obesity, hypertension, chronic cholangiopathies such as Primary
Sclerosing Cholangitis (PSC), Primary Biliary Cholangitis (PBC), biliary atresia, familial
intrahepatic cholestasis type 3 (PFIC3), inflammatory bowel diseases, Crohn's disease,
ulcerative colitis, liver cancer, hepatocallular carcinoma, gastrointestinal cancer, gastric
cancer, colorectal cancer, metabolic disease-induced liver fibrosis or cirrhosis, NAFLD-
induced fibrosis or cirrhosis, NASH-induced fibrosis or cirrhosis, alcohol-induced liver fibrosis

or cirrhosis, drug-induced liver fibrosis or cirrhosis, infectious agent-induced liver fibrosis or



10

15

20

25

30

35

WO 2018/167103 PCT/EP2018/056310
39

cirrhosis, parasite infection-induced liver fibrosis or cirrhosis, bacterial infection-induced liver
fibrosis or cirrhosis, viral infection-induced fibrosis or cirrhosis, HBV-infection induced liver
fibrosis or cirrhosis, HCV-infection induced liver fibrosis or cirrhosis, HIV-infection induced
liver fibrosis or cirrhosis, dual HCV and HIV-infection induced liver fibrosis or cirrhosis,
radiation- or chemotherapy-induced fibrosis or cirrhosis, biliary tract fibrosis, liver fibrosis or
cirrhosis due to any chronic cholestatic disease, gut fibrosis of any etiology, Crohn's disease-
induced fibrosis, ulcerative colitis-induced fibrosis, intestine (e.g. small intestine) fibrosis,
colon fibrosis, stomach fibrosis, lung fibrosis, lung fibrosis consecutive to chronic
inflammatory airway diseases, such as COPD, asthma, emphysema, smokers lung,
tuberculosis, pulmonary fibrosis, idiopathic pulmonary fibrosis (IPF),

In a further aspect, the invention relates to the combination of the invention, for use in
the inhibition of proliferation and/or activation of fibroblasts responsible for the production of
collagen fibers and/or responsible for the production of the extracellular matrix.

According to the present invention, the term “autoimmune diseases” is used to
designate a condition that arises from an abnormal immune response of the body against
substances and tissues normally present in the body. The disease may be restricted to
certain organs (e.g in type | diabetes or autoimmune thyroiditis) or involve a particular tissue
in different places (e.g. in Goodpasture’s disease, affection of the basement membrane in
the lung and the kidney).

The term “inflammation” is used to designate a condition that arise from a protective
response involving host cells, blood vessels, and proteins and other mediators which may
serve to eliminate the cause of cell/tissue injury, as well as the necrotic cells/tissues resulting
from the original insult, and to initiate the process of repair. The inflammatory reaction may
be manifested by pain, heat, redness, swelling, blood vessels dilatation, blood flow increase
and loss of function.

According to the present invention, the terms "“fibrosis", “fibrotic disease”, “fibrotic
disorder” and declinations thereof denote a pathological condition of excessive deposition of
fibrous connective tissue in an organ or tissue. More specifically, fibrosis is a pathological
process defined by a persistent fibrotic scar formation and overproduction of extracellular
matrix by the connective tissue, as a response to tissue damage. Physiologically, the deposit
of connective tissue can obliterate the architecture and function of the underlying organ or
tissue.

According to the present invention, the fibrosis or fibrotic disorder may be associated
with any organ or tissue fibrosis. Illustrative, non-limiting examples of particular organ fibrosis
include liver, gut, kidney, skin, epidermis, endodermis, muscle, tendon, cartilage, heart,

pancreas, lung, uterus, nervous system, testis, penis, ovary, adrenal gland, artery, vein,
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colon, intestine (e.g. small intestine), biliary tract, soft tissue (e.g. mediastinum or
retroperitoneum), bone marrow, joint or stomach fibrosis, in particular liver, kidney, skin,
epidermis, endodermis, muscle, tendon, cartilage, heart, pancreas, lung, uterus, nervous
system, testis, ovary, adrenal gland, artery, vein, colon, intestine (e.g. small intestine), biliary
tract, soft tissue (e.g. mediastinum or retroperitoneum), bone marrow, joint, eye or stomach
fibrosis.

According to the present invention, the terms “cholestasis” or “cholestatic disease”, or
“cholestatic disorder” and declinations thereof denote a pathological condition defined by a
decrease in bile flow due to impaired secretion by hepatocytes or to obstruction of bile flow
through intra-or extrahepatic bile ducts. Therefore, the clinical definition of cholestasis is any
condition in which substances normally excreted into bile are retained.

In a particular embodiment, the fibrotic disorder is selected in the group consisting of a
liver, gut, lung, heart, kidney, muscle, skin, soft tissue (e.g. mediastinum or retroperitoneum),
bone marrow, intestinal, and joint (e.g. knee, shoulder or other joints) fibrosis.

In a preferred embodiment, the fibrotic disorder is selected in the group consisting of
liver, lung, skin, kidney and intestinal fibrosis.

In a more preferred embodiment of the present invention, treated fibrotic disorder is
selected in the group consisting of the following non exhaustive list of fibrotic disorders: non-
alcoholic steatohepatitis (NASH), pulmonary fibrosis, idiopathic pulmonary fibrosis, skin
fibrosis, eye fibrosis (such as capsular fibrosis), endomyocardial fibrosis, mediastinal fibrosis,
myelofibrosis, retroperitoneal fibrosis, progressive massive fibrosis (a complication of coal
workers' pneumoconiosis), proliferative fibrosis, neoplastic fibrosis, lung fibrosis consecutive
to chronic inflammatory airway disease (COPD, asthma, emphysema, smoker’s lung,
tuberculosis), alcohol or drug-induced liver fibrosis, liver cirrhosis, infection-induced liver
fibrosis, radiation or chemotherapeutic-induced fibrosis, nephrogenic systemic fibrosis,
Crohn's disease, ulcerative colitis, keloid, old myocardial infarction, scleroderma/systemic
sclerosis, arthrofibrosis, some forms of adhesive capsulitis, chronic fibrosing
cholangiopathies such as Primary Sclerosing Cholangitis (PSC) and Primary Biliary
Cholangitis (PBC), biliary atresia, familial intrahepatic cholestasis type 3 (PFIC3), peri-
implantational fibrosis and asbestosis.

Cholestasis is defined as a decrease in bile flow due to impaired secretion by
hepatocytes (hepato-cellular cholestasis) or to obstruction of bile flow through intra-or
extrahepatic bile ducts (obstructive cholestasis). In clinical practice, cholestasis is any
condition in which the flow of bile from the liver is slowed or blocked. According to a
particular embodiment of the invention, the cholestestatic disease is selected in the group

consisting of primary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC),
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Intrahepatic Cholestasis of Pregnancy, Progressive Familial Intrahepatic Cholestasis, Biliary
atresia, Cholelithiasis, Infectious Cholangitis, Cholangitis associated with Langerhans cell
histiocytosis, Alagille syndrome, Nonsyndromic ductal paucity, Drug-induced cholestasis, and
Total parenteral nutrition-associated cholestasis. In a preferred embodiment, the cholestatic
disease is PBC or PSC, in particular PBC.

Examples of inflammatory diseases, fibrotic diseases, metabolic diseases and cholestatic
diseases include metabolic liver diseases, non-alcoholic fatty liver disease (NAFLD), non-
alcoholic steatohepatitis (NASH), drug-induced liver diseases, alcohol-induced liver
diseases, infectious agent induced liver diseases, inflammatory liver diseases, immune
system dysfunction-mediated liver diseases, dyslipidemia, cardiovascular diseases,
restenosis, syndrome X, metabolic syndrome, diabetes, obesity, hypertension, chronic
cholangiopathies such as Primary Sclerosing Cholangitis (PSC), Primary Biliary Cholangitis
(PBC), biliary atresia, familial intrahepatic cholestasis type 3 (PFIC3), inflammatory bowel
diseases, Crohn's disease, ulcerative colitis, keloid, old myocardial infarction,
scleroderma/systemic sclerosis, inflammatory diseases, neurodegenerative diseases,
cancers, liver cancer, hepatocallular carcinoma, gastrointestinal cancer, gastric cancer,
meningioma associated with neurofibromatosis, pancreatic neuroendocrine tumors,
pancreatic exocrine tumors, leukemia, myeloproliferative/myelodisplastic diseases,
mastocytosis, dermatofibrosarcoma, solid tumors including breast, lung, thyroid or colorectal
cancer, a prostate cancer, liver fibrosis or cirrhosis of any origin, metabolic disease-induced
liver fibrosis or cirrhosis, NAFLD-induced fibrosis or cirrhosis, NASH-induced fibrosis or
cirrhosis, alcohol-induced liver fibrosis or cirrhosis, drug-induced liver fibrosis or cirrhosis,
infectious agent-induced liver fibrosis or cirrhosis, parasite infection-induced liver fibrosis or
cirrhosis, bacterial infection-induced liver fibrosis or cirrhosis, viral infection-induced fibrosis
or cirrhosis, HBV-infection induced liver fibrosis or cirrhosis, HCV-infection induced liver
fibrosis or cirrhosis, HIV-infection induced liver fibrosis or cirrhosis, dual HCV and HIV-
infection induced liver fibrosis or cirrhosis, radiation- or chemotherapy-induced fibrosis or
cirrhosis, biliary tract fibrosis, liver fibrosis or cirrhosis due to any chronic cholestatic disease,
gut fibrosis of any etiology, Crohn's disease-induced fibrosis, ulcerative colitis-induced
fibrosis, intestine (e.g. small intestine) fibrosis, colon fibrosis, stomach fibrosis, skin fibrosis,
epidermis fibrosis, endodermis fibrosis, skin fibrosis due to scleroderma/systemic sclerosis,
lung fibrosis, lung fibrosis consecutive to chronic inflammatory airway diseases, such as
COPD, asthma, emphysema, smoker's lung, tuberculosis, pulmonary fibrosis, idiopathic
pulmonary fibrosis (IPF), heart fibrosis, kidney fibrosis, nephrogenic systemic fibrosis, muscle

fibrosis, soft tissue (e.g. mediastinum or retroperitoneum) fibrosis, bone marrow fibrosis, joint



10

15

20

25

30

35

WO 2018/167103 PCT/EP2018/056310
42

fibrosis, tendon fibrosis, cartilage fibrosis, pancreas fibrosis, uterus fibrosis, nervous system
fibrosis, testis fibrosis, ovary fibrosis, adrenal gland fibrosis, artery fibrosis, vein fibrosis, eye
fibrosis, endomyocardial fibrosis, mediastinal fibrosis, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis (a complication of coal workers' pneumoconiosis), proliferative
fibrosis, neoplastic fibrosis, peri-implantational fibrosis and asbestosis, arthrofibrosis,

adhesive capsulitis.

Preferably, the disease is selected in the group consisting of metabolic liver diseases, non-
alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), drug-induced
liver diseases, alcohol-induced liver diseases, infectious agent induced liver diseases,
inflammatory liver diseases, immune system dysfunction-mediated liver diseases,
dyslipidemia, cardiovascular diseases, restenosis, syndrome X, metabolic syndrome,
diabetes, obesity, hypertension, chronic cholangiopathies such as Primary Sclerosing
Cholangitis (PSC), Primary Biliary Cholangitis (PBC), biliary atresia, familial intrahepatic
cholestasis type 3 (PFIC3), inflammatory bowel diseases, Crohn's disease, ulcerative colitis,
liver cancer, hepatocallular carcinoma, gastrointestinal cancer, gastric cancer, colorectal
cancer, metabolic disease-induced liver fibrosis or cirrhosis, NAFLD-induced fibrosis or
cirrhosis, NASH-induced fibrosis or cirrhosis, alcohol-induced liver fibrosis or cirrhosis, drug-
induced liver fibrosis or cirrhosis, infectious agent-induced liver fibrosis or cirrhosis, parasite
infection-induced liver fibrosis or cirrhosis, bacterial infection-induced liver fibrosis or
cirrhosis, viral infection-induced fibrosis or cirrhosis, HBV-infection induced liver fibrosis or
cirrhosis, HCV-infection induced liver fibrosis or cirrhosis, HIV-infection induced liver fibrosis
or cirrhosis, dual HCV and HIV-infection induced liver fibrosis or cirrhosis, radiation- or
chemotherapy-induced fibrosis or cirrhosis, biliary tract fibrosis, liver fibrosis or cirrhosis due
to any chronic cholestatic disease, gut fibrosis of any etiology, Crohn's disease-induced
fibrosis, ulcerative colitis-induced fibrosis, intestine (e.g. small intestine) fibrosis, colon
fibrosis, stomach fibrosis, lung fibrosis, lung fibrosis consecutive to chronic inflammatory
airway diseases, such as COPD, asthma, emphysema, smoker's Ilung, tuberculosis,

pulmonary fibrosis, idiopathic pulmonary fibrosis (IPF),

The term "treatment" or “treating” refers to the curative or preventive treatment of a
disorder in a subject in need thereof. The treatment involves the administration of the
compound, in particular comprised in a pharmaceutical composition, to a subject having a
declared disorder, i.e. to a patient, to cure, delay, reverse, or slow down the progression of
the disorder, improving thereby the condition of the subject. The treatment may also result in

an alleviation of symptoms associated with a disorder, or halt of further progression or
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worsening of those symptoms. A treatment may also be administered to a subject that is
healthy or at risk of developing a cholestatic or fibrotic disorder to prevent or delay the
disorder.

Therefore, according to the invention, the treatment of a immune, inflammatory,
metabolic, fibrotic and cholestatic disease involves the administration of the combination of
the present invention, for example in the form of a pharmaceutical composition containing
components (i) and (ii) of the combination, to a subject having a declared disorder to cure,
delay, reverse or slow down the progression of the disorder, thus improving the condition of
the patient or to a healthy subject, in particular a subject who is at risk of developing such
disease.

The treatment involves the administration of the combination of the invention to a
patient having a declared disorder to cure, delay, or slow down the progress, thus improving
the condition of the patient or to a healthy subject, in particular a subject who is at risk of

developing an inflammatory, metabolic, fibrotic and cholestatic disease.

The subject to be treated is a mammal, preferably a human. The subject to be treated
according to the invention can be selected on the basis of several criteria associated to
fibrotic diseases such as previous drug treatments, associated pathologies, genotype,
exposure to risk factors, viral infection, as well as on the basis of the detection of any
relevant biomarker that can be evaluated by means of imaging methods and immunological,

biochemical, enzymatic, chemical, or nucleic acid detection methods.

The subjects to be treated according to the invention can be selected on the basis of
several criteria associated to inflammatory, metabolic, fibrotic and cholestatic diseases such
as previous drug treatments, associated pathologies, genotype, exposure to risk factors, viral
infection, as well as any other relevant biomarker that can be evaluated by means of imaging
methods and immunological, biochemical, enzymatic, chemical, or nucleic acid detection
method.

Synthesis of NTZ or analogues can be for example carried out as described in
(Rossignol and Cavier 1975), or by any other way of synthesis known by a person skilled in
the art.

In a particular embodiment, the treatment of an inflammatory, metabolic, fibrotic and
cholestatic disease may comprise the administration of a composition comprising at least two
compounds selected from NTZ and NTZ analogues. In this embodiment, the administered
component (ii) is provided in the same composition as the two compounds, or in a separate

form, such as in a different composition.
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In another embodiment, the combination of the invention is for simultaneous, sequential
or separate administration in therapy, therefore being possibly included in different
compositions. In case of sequential administration, NTZ and/or NTZ analogue(s) may be
administrated prior to component (ii), or component (ii) is (are) administrated prior to NTZ
and/or NTZ analogue(s).

NTZ and NTZ analogue(s) can be formulated as pharmaceutically acceptable salts,
particularly acid or base salts compatible with pharmaceutical use. Salts of NTZ and NTZ
analogue(s) include pharmaceutically acceptable acid addition salts, pharmaceutically
acceptable base addition salts, pharmaceutically acceptable metal salts, ammonium and
alkylated ammonium salts. These salts can be obtained during the final purification step of
the compound or by incorporating the salt into the previously purified compound.

Combination of a compound of Formula (I) or (II) with one or more component(s) (ii) (for
example a ROCK2 inhibitor, an ACC inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4
inhibitor, a Fatty Acid Bile Acid Conjugate, a FXR agonist, or a CCR antagonist) can be
formulated as pharmaceutically acceptable non-toxic salts obtained from organic or inorganic
bases or acids of compound of Formula (I) or (Il) or component(s) (ii) (such as a ROCK2
inhibitor, an ACC inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4 inhibitor, a Fatty Acid
Bile Acid Conjugate, a FXR agonist, or a CCR antagonist). These salts can be obtained
during the final purification step of the compound or by incorporating the salt into the
previously purified compound.

The pharmaceutical compositions of the present invention comprising a compound of
Formula (l) or (Il) and one or more component(s) (ii), such as a ROCK2 inhibitor, an ACC
inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4 inhibitor, a Fatty Acid Bile Acid
Conjugate, a FXR agonist, or a CCR antagonist , can also comprise one or several
excipients or vehicles, acceptable within a pharmaceutical context (e.g. saline solutions,
physiological solutions, isotonic solutions, etc., compatible with pharmaceutical usage and
well-known by one of ordinary skill in the art).

These compositions can also comprise one or several agents or vehicles chosen
among dispersants, solubilisers, stabilisers, preservatives, etc. Agents or vehicles useful for
these formulations (liquid and/or injectable and/or solid) are particularly methylcellulose,
hydroxymethylcellulose, carboxymethylcellulose, polysorbate 80, mannitol, gelatin, lactose,
vegetable oils, acacia, liposomes, etc.

These compositions can be formulated in the form of injectable suspensions, gels, oils,
ointments, pills, tablets, suppositories, powders, gel caps, capsules, aerosols, etc.,

eventually by means of galenic forms or devices assuring a prolonged and/or slow release.
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For this kind of formulation, agents such as cellulose, carbonates or starches can be
advantageously used.

The pharmaceutical compositions of the present invention comprising a compound of
Formula (I) or (Il) and one or more component(s) (ii), such as a ROCK2 inhibitor, an ACC
inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4 inhibitor, a Fatty Acid Bile Acid
Conjugate, a FXR agonist, or a CCR antagonist may be administered by different routes and
in different forms. For example, the compound(s) may be administered via a systemic way,
per os, parenterally, by inhalation, by nasal spray, by nasal instillation, or by injection, such
as for example intravenously, by intra-muscular route, by subcutaneous route, by
transdermal route, by topical route, by intra-arterial route, etc.

Of course, the route of administration will be adapted to the form of NTZ and/or NTZ
analogue(s) in combination with one or more component(s) (ii), such as a ROCK?2 inhibitor,
an ACC inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4 inhibitor, a Fatty Acid Bile Acid
Conjugate, a FXR agonist, or a CCR antagonist, according to procedures well known by
those skilled in the art.

NTZ and/or NTZ analogue(s) in combination with one or more component(s) (ii), such
as a ROCK2 inhibitor, an ACC inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4 inhibitor ,
a Fatty Acid Bile Acid Conjugate, a FXR agonist, or a CCR antagonist is administered in a
therapeutically effective amount. Within the context of the invention, the term “effective
amount” refers to an amount of the compound sufficient to produce the desired therapeutic
result.

The frequency and/or dose relative to the administration can be adapted by one of
ordinary skill in the art, in function of the patient, the pathology, the form of administration,
etc. Typically, the combination (such as in the form of a pharmaceutical composition or a kit-
of-parts) of the present invention can be administered for the treatment of a fibrotic disease
at a dose for NTZ, or a NTZ analogue or component (ii), such as a ROCK2 inhibitor, an ACC
inhibitor, an ASK1 inhibitor, a dual NOX1 and NOX4 inhibitor, a Fatty Acid Bile Acid
Conjugate, a FXR agonist, or a CCR antagonist, such as a compound of Formula (I) or (I1),
comprised between 0.01 mg/day to 4000 mg/day, such as from 50 mg/day to 2000 mg/day,
and particularly from 100 mg/day to 1000 mg/day.

In another preferred embodiment, the active ingredients are administered as one or
more pharmaceutical composition(s) in the form of a pill intended for an oral ingestion.

Administration can be performed daily or even several times per day, if necessary.

The invention is further described with reference to the following, non-limiting,

examples.
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DESCRIPTION OF THE FIGURES AND TABLES

Figure 1: Antifibrotic effect of Elafibranor and Nitazoxanide in TGFp-induced hHSC

Serum-deprived HSC were preincubated for 1 hour with Elafibranor (A) or Nitazoxanide (B),
or Bezafibrate (C) before the activation with the profibrogenic cytokine TGFB1 (1 ng/ml). After
48 hours of incubation, the expression of a-SMA was measured by ELISA. The obtained
values were transformed into percentage inhibition over TGFB31 control. Data are presented
as mean (triplicates) + standard deviation (SD). The curve fitting and the calculation of half

maximal inhibitory concentration (ICso) were performed with XLFit software 5.3.1.3.

Figure 2: Combination of Elafibranor with Nitazoxanide synergistically inhibits a-SMA in
TGFB1-induced hHSC

Combinations were tested in a dose-response matrix format and analyzed according to the
excess over Bliss (EOB) additivism model. Dilution series of Elafibranor (row) and
Nitazoxanide (column) were prepared, including their respective DMSO controls. The
resulting mixes were added to serum-deprived HSC, 1 hour prior to the activation with the
profibrogenic cytokine TGFB1 (1 ng/ml). (A) Percentage of a-SMA inhibition over the TGF(1
control for all combination pairs. Data are presented as mean of quadruplicates. (B) EOB
scores were calculated as described in Materials and Methods. Any compound pair with
positive EOB value were considered synergistic (colored from light grey to black). The total
EOB score including all combinations was also calculated. (C) Data values derived from a
synergistic combination pair were plotted in a bar graph representation. Data are presented
as mean (quadruplicates) = standard deviation (SD). EOHSA model was used as described
in the Materials and Methods section to confirm the synergism of the selected NTZ/ELA

combination pairs.

Figure 3: Hepatic collagene content

6 week-old C57BL/6 mice were fed a control (CSAA) diet, CDAA + 1% CHOL (CDAAC) diet,
or CDAAc diet supplemented with NTZ (30 mg/kg/day or 100 mg/kg/day for 12 weeks) or
Elafibranor (1 mg/kg/day or 3 mg/kg/day) or a combination of Elafibranor and NTZ
(respectively 1+30 mg/kg/day, 1 +100 mg/kg/day, 3 + 30 mg/kg/day and 3 + 100 mg/kg/day) .
For each graph the exact amount of exposure doses was indicated.

After the sacrifice, the hepatic collagen content was determined.

Figure 4: Hepatic fibrosis percentage
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6 week-old C57BL/6 mice were fed a control (CSAA) diet, CDAA + 1% CHOL (CDAAC) diet,
or CDAAc diet supplemented with NTZ (30 mg/kg/day or 100 mg/kg/day for 12 weeks) or
Elafibranor (1 mg/kg/day or 3 mg/kg/day) or a combination of Elafibranor and NTZ
(respectively 1+30 mg/kg/day, 1 +100 mg/kg/day, 3 + 30 mg/kg/day and 3 + 100 mg/kg/day) .
For each graph the exact amount of exposure doses was indicated.

After the sacrifice, the hepatic fibrosis area was determined.

Figure 5: Hepatic aSMA gene expression

Figure 6: Hepatic CCR2 gene expression

Figure 7: Hepatic CCR5 gene expression

Figure 8: Hepatic Col1a2 gene expression

Figure 9: Hepatic MMP2 gene expression

Figure 10: Hepatic TIMP2 gene expression

Figure 11: Hepatic TGFB1 gene expression

Figure 12: Combination of GS-0976 (A), Selonsertib (B), GKT-831 (C), KD-025 (D),
Cenicriviroc (CVC) (E), Tropifexor (LUN-452) (F), and Aramchol (G) with Nitazoxanide
synergistically inhibits «-SMA in TGFB1-induced hHSC

Combinations were tested in a dose-response matrix format and analyzed according to the
excess over Bliss (EOB) additivism model. Dilution series of GS-0976, Selonsertib, GKT-
831, KD-025, CVC, Tropifexor (LUN-452), and Aramchol (row) and Nitazoxanide (column)
were prepared, including their respective DMSO controls. The resulting mixes were added to
serum-deprived HSC, 1 hour prior to the activation with the profibrogenic cytokine TGFB1 (1
ng/ml). EOB scores were calculated as described in Materials and Methods. Any compound
pair with positive EOB value were considered synergistic (colored from light grey to black).
Data values derived from a synergistic combination pair were plotted in a bar graph
representation. Data are presented as mean (quadruplicates) + standard deviation (SD).
EOHSA model was used as described in the Materials and Methods section to confirm the
synergism of the selected NTZ/ GS-0976 (A), Selonsertib (B), GKT-831 (C), KD-025 (D),

Cenicriviroc (E), Tropifexor (F), and Aramchol (G) combination pairs.
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Abbreviations used in the figures, in the tables, and in the text:

AP-1 Activator Protein 1

ASBTI Apical Sodium-codependent Bile acid Transporter Inhibitor
ASK1 signal-regulating kinase 1

AT1 AngioTensin 1

COPD Chronic Obstructive Pulmonary Disease
CTGF Connective Tissue Growth Factor
DGAT DiacylGlycerol-O-AcylTransferase
DMSO DiMethylSulfOxyde

DNA DesoxyriboNucleic Acid

DPP4 DiPeptidyl Peptidase

ELISA Enzyme-Linked Immuno Assay
EOB Excess Over Bliss

FABAC Fatty Acid Bile Acid Conjugates
FBS Fetal Bovine Serum

FGF Fibroblast Growth Factor

FXR Farnesoid X Receptor

GDF Growth Differentiation Factor

GLP-1 Glucagon-Like Peptide-1

GPCR G-Protein Coupled Receptor

HBV Hepatitis B Virus

HCV Hepatitis C Virus

15-HEPE 5-HydroxyEicosaPentaEnoic acid
HIV Human Immunodeficiency Virus
HSC Hepatic Stellate Cell

IC50 half maximal inhibitory concentration
iINOS inducible Nitric Oxide Synthase

IPF Idiopathic Pulmonary Fibrosis

LBD Ligand Binding Domain

LPS LipoPolySaccharide

LT LeukoTriene

MAPK Mitogen-Activated Protein Kinases
MMPase Matrix MetalloProtease

NADPH Nicotinamide Adenine Dinucleotide PHosphate

NAFLD Non-Alcoholic Fatty Liver Disease
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NASH
NF-kB
NOX
NSAIDs
NTZ
PAR
PBC
PDE
PDGF
PFIC3
PFOR
PPAR
PPRE
PSC
ROCK
RTK
SD
SGLT
STAT
TGFB
TGFBRI
TGFBRII
THBS1
THRB
TIMP
TLR-4
TZ
TZG
VAP-1
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Non-Alcoholic SteatoHepatitis

Nuclear Factor-kappa B

NADPH oxidase

Non-Steroid Anti-Inflammatory Drugs
NiTaZoxanide

Protease-Activated Receptor

Primary Biliary Cholangitis
PhosphoDiEsterase

Platelet-Derived Growth Factor
Progressive Familial Intrahepatic Cholestasis type 3
Pyruvate:Ferredoxin OxidoReductase
Peroxisome proliferator activated receptor
PPAR Response Elements

Primary Sclerosing Cholangitis
Rho-associated protein kinase

Receptor Tyrosine Kinase

Standard Deviation

Sodium-GLucose Transport

Signal Transducers and Activators of Transcription
Transforming Growth Factor 3

TGFB Receptors type |

TGFB Receptors type Il
THromBoSpondin 1

Thyroid Hormone Receptor 3

Tissue Inhibitor of MetalloProtease

Toll Like Receptor 4

TiZoxanide

TiZoxanide Glucuronide

Vascular Adhesion Protein-1

EXAMPLES

MATERIALS AND METHODS

Compounds were dissolved in dimethyl sulfoxide (DMSO, Fluka cat# 41640). Lanifibranor
(ARK PHARM cat#t AK689102), Nitazoxanide (INTERCHIM cat#RQ550U), GKT-831
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(cat#S7171, Absource Diagnstica GmbH), KD-025 (cat#S7936, Absource Diagnostica
GmbH), GS-0976 (cat#HY-16901, Haoyuan Chemexpress Co), GS-4997 or Selonsertib (
cat#S8292, Absource Diagnostica GmbH), Aramchol (cat#A765150, Toronto Research
Chemical (TRC)), Tropifexor (LJN-452, cat# HY-107418 Haoyuan Chemexpress Co),
Cenicriviroc (PB0001630-239-01/PBLJ6483, Pharmablock), Nalmefene (cat#N284400,
TRC), and PBI-4050 (catACDS-072808, Acadechem) were obtained commercially.

hHSC culture

The human primary hepatic stellate cells (hHSC) (Innoprot) were cultured in STeCM medium
(ScienCell cat#t 5301) that was supplemented with 2% fetal bovine serum (FBS, ScienCell
cat# 0010), 1% penicillin / streptomycin (ScienCell caté 0503) and stellate cell growth
supplement (SteCGS; ScienCell cat# 5352). Cell-culture flasks were coated with Poly-L
Lysine (Sigma cat# P4707) for a better adherence.

Preparation of compositions

2 components combination matrix (NTZ/component (ii))

For these experiments, a checkerboard matrix was generated.NTZ and selected component
(i) stocks were serially diluted in DMSO in 5-points series in a row (component (ii)) and a 6-
points series in a column (NTZ) of a 96-well plate. Subsequently, the 5X6 combination matrix
was generated by 1:1 mixing of all single agent concentrations. The test concentrations for
each compound were chosen based on the respective ICso of each compound as single
agent obtained by measuring a-SMA content in the HSC model stimulated with TGF-1.

Then, 2-fold and 4-fold higher and lower concentrations were selected.

Activation of hHSC with TGF-81 and compound treatment

The human primary hepatic stellate cells (hHSC) (Innoprot) were cultured under standard

conditions, as described above. The cells were subsequently plated at a density of 2 x
10%cells/well into 96-well plates for the measure of a-SMA by ELISA. The next day, cell-
culture medium was removed, and cells were washed with PBS (Invitrogen cat# 14190).
hHSC were deprived for 24 hours in serum-free and SteCGS-free medium. For the
treatments with NTZ, Elafibranor, component (ii) and the respective NTZ/component (ii) or
Elafibranor combinations, the serum-deprived hHSC were preincubated for 1 hour with the
compounds followed by addition of the profibrogenic stimuli TGF-B1 (PeproTech cat# 100-

21, 1 ng/mL) in serum-free and SteCGS-free medium for an additional 48 hour period.
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a-SMA ELISA

The level of a-SMA was measured using a Sandwich ELISA. Briefly, the wells of an ELISA
plate were first coated with the capture antibody (mouse monoclonal anti-ACTA2, Abnova) at
4°C overnight. After 3 washes in PBS + 0,2% Tween 20, a blocking solution consisting of
PBS +0.2% BSA was added for one hour followed by another washing cycle. The cell lysates
were transferred into the wells for binding to the capture antibody for a period of 2h at room
temperature. After the washing procedure, the detection antibody (biotinylated mouse
monoclonal anti-ACTA2, Abnova) was added for 2 hours at room temperature followed by 3
washes. For the detection, an HRP-conjugated Streptavidin (R&D Systems cat# DY998) was
first applied for 30 min at room temperature. After washing, the HRP substrate TMB
(BD,#555214) was added and incubated for 7min at room temperature in the dark. Upon
oxidation, TMB forms a water-soluble blue reaction product that becomes yellow with
addition of sulfuric acid (solution stop), enabling accurate measurement of the intensity at
450nm using a spectrophotometer. The developed color is directly proportional to the amount

of a-SMA present in the lysate.

Determination of synergism by Excess Over Bliss (EOB) method and confirmation by
EOSHA (Excess over Highest Single Agent)

The values obtained in the aSMA ELISA assays were first transformed into percentage

inhibitions over TGF-B1 control. Then, using these percentage inhibitions, EOB (Excess Over

Bliss) was determined to define the synergistic effects of drug combinations. Expected Bliss

additivism score (E) was firstly determined by the equation:

E=(A+B)- (A x B)where A and B are the percentage inhibition of NTZ (A) and component

(i) or Elafibranor (B) at a given dose. The difference between the Bliss expectation and the

observed inhibition of the combined NTZ/component (ii) or Elafibranor at the same dose is

the ‘Excess over Bliss’ score.

- Excess over Bliss score =0 indicates that the combination treatment is additive (as
expected for independent pathway effects);

- Excess over Bliss score >0 indicates activity greater than additive (synergy); and

- Excess over Bliss score <0 indicates the combination is less than additive (antagonism).

For the combination NTZ + component (ii) or Elafibranor, an additional total Bliss score was

calculated by summation of all EOB.

EOHSA is a standard measure of synergy used by the FDA for evaluation of drug

combinations and is calculated as the difference of the effect produced by the drug

combination and the greatest effect produced by each of the combination's single agents at
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the same concentrations as when combined (Borisy etal., 2003). For synergistic
combinations identified by the EOB method, the experimental % inhibition were plotted in a
bar graph and the significance of the observed differences between NTZ/component (ii) or
Elafibranor and single agent were estimated by one-way ANOVA and uncorrected Fisher's
LSD post-hoc (*: p<0.05; **: p<0.01; ***: p<0.001).

Evaluation of Elafibranor, Nitazoxanide and the combination Elafibranor +

Nitazoxanide in a chronic CDAA + 1% cholesterol model if fibrosing NASH (12 weeks)

Experimental design

The choline-deficient and L-amino acid-defined (CDAA) diet lacks choline, which is essential
for hepatic B-oxidation and very low density lipoprotein production, and is believed to induce
hepatocytes to store fat and subsequently cause cellular damage. The CDAA diet-induced
rodent model develops fibrosis within a relatively short period of time, ideal for rapidly

studying the reversibility of NASH pathology, particularly fibrosis.

Increased cholesterol intake accelerates liver fibrosis in several mouse models of NASH. The
exacerbation of liver fibrosis mainly involves free cholesterol accumulation in hepatic stellate
cells, that sensitizes the cells to transforming growth factor B(TGFB) and subsequently

aggravates liver fibrosis.

In the current study, we examined the effects of nitazoxanide on liver fibrosis in C57BI/6J

mice fed a CDAA diet supplemented with 1% cholesterol.

The preventive effects of alone, NTZ alone and the combination of both were assessed in a
fibrosing NASH -model of mice fed a CDAA + 1% cholesterol diet. 6 week-old male C57BI/6J
mice were fed a control (CSAA) diet, CDAA + 1% cholesterol diet, or CDAA + 1% cholesterol
diet supplemented with 1, and 3 mg/kg/day, NTZ 30 and 100 mg/kg/day or combined drugs
(1 and 3 mg/kg/day combined to NTZ 30 and 100 mg/kg/day) for 12 weeks.

The body weight and the food intake were monitored twice per week. On the last day of
treatment, mice were sacrificed after a 6h fasting period. The liver was rapidly excised for
biochemical and histological studies.

All animal procedures were performed according to standard protocols and in accordance
with the standard recommendations for the proper care and use of laboratory animals.

6 weeks-old C57BL/6 male mice were fed for 12 weeks according to an experimental plan
detailed in the table 1:
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Diet Compound Dose Number of mice

mg/kg/day

CSAA 8

—_
N

CDAA + 1% Chol NTZ 30
100

+NTZ 1+30
1+100
3+30
3+100

c 0 O | 0 | o

Table 1: Experimental plan

The control was the CSAA diet.

Some mice were fed with the CDAAc diet.

Some mice were fed with CDAAc diet supplemented with Elafibranor at 1 or 3 mg/kg/day.
Some mice were fed with CDAAc diet supplemented with NTZ at 30 or 100 mg/kg/day.

Some mice were fed with CDAAc diet supplemented with Elafibranor + NTZ combination at
different ratios: 1 +30, 1 +100, 3 + 30 and 3 +100 mg/kg/day.

The group corresponding to CDAAc diet supplemented with NTZ at 30mg/kg is also named
C57Bl/6J mice fed CDAA diet + nitazoxanide 0.02% (wt/wt) corresponding to the theoretical
dose of 30 mg/kg/day.

The group corresponding to CDAAc diet supplemented with NTZ at 100mg/kg is also named
C57Bl/6J mice fed CDAA diet + nitazoxanide 0.0667% (wt/wt) corresponding to the
theoretical dose of 100 mg/kg/day.

The food was purchased from Ssniff® company (Soest, Germany).

Nitazoxanide (cf reference in Table 1) was incorporated by Ssniff® into CDAA + 1% chol diet

in powder form to the required dose.

The reference and batch number of nitazoxanide are summarized in the table Table 2:

Table 2: Nitazoxanide references
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Compound Laboratory code
Supplier Reference Batch
{INN) External ID Genfit D P
Nitazoxanide | GFE 50455 |GSL022597.08 | Interchim RQ550 1501

For each dose a calculation of the exact doses was done according to the following example.
This allows taking in count the exact dose of each product that was exactly consumed by
each group of mice.

Calculation of the actual treatment doses: example with nitazoxanide 0.02% (wt/wt)

e Food intake is expressed in grams of food / grams of animal / day
e 0.02% of nitazoxanide in diet
o 0.02 gofcpd /100 g of food=0.2 mg of cpd/g of food
e Actual dose of cpd :
o 0.2mg of cpd/gram of food/gram of animal/day
o (0.2mg of cpd/gram of food/gram of animal/day)X1000= (0.2mg of cpd/gram of
food/kg of animal/day)=200 mg of cpd/gram of food/kg of animal per day
Consequently, multiplying by 200 the food intake value expressed in grams of food / grams
of animal / day; the obtained value corresponds to the actual administered dose expressed in
mg of NTZ/kg of animal/day.
In the same manner:
e For the dose of NTZ 0.00667% wt/wt, the actual treatment dose was obtained by
multiplying the food intake value (grams of food / grams of animal / day) by 66.7.
e For the dose of NTZ 0.0667% wt/wt, the actual treatment dose was obtained by
multiplying the food intake value (grams of food / grams of animal / day) by 667.

According to the calculation the calculated dose versus estimated dose are given in the

following tables 3 and 4.

Groups GFT505 NTZ

Estimated doses Tmpk | 3mpk 30mpk | 100mpk

Calculated doses Tmpk | 2.8mpk | 26.3mpk | 78.1mpk

Table 3: estimated and calculated doses for each compound a different doses
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Combo 1 Combo 2 Combo 3 Combo 4

Groups
GFT505 NTZ GFT505 NTZ GFT505 NTZ GFT505 NTZ

Estimated
Tmpk 30mpk Tmpk 100mpk 3mpk 30mpk 3mpk 100mpk

doses

Calculated
g 0.9mpk | 26.4mpk | 0.9mpk | 79.4mpk | 2.9mpk | 27.4mpk | 2.8mpk | 77.7mpk

oses

Table 4: estimated and calculated doses for each combinations at different doses

The body weight and food intake were recorded twice a week throughout the study.

At the end of the treatment period, animals were anesthetized with isoflurane and blood
samples were taken as described below. Animals were then sacrificed by cervical dislocation
and beheaded for brain excision and weighing. The liver was also collected and weighed.
Part of the liver was fixed in 4% formalin, embedded in paraffin and used for histological
analyses. The remaining liver was snap frozen in liquid nitrogen and kept at -80°C until use

for further analyses.

Blood sampling was performed at sacrifice following a 6-hour fasting period. Blood samples
were withdrawn under anesthesia by retro orbital puncture. Heparin tubes containing blood
were rapidly centrifuged (15 minutes at 4,000 rpm/4°C) and the plasma fraction was

collected. Plasma aliquots were stored at —20°C until further analyses.

Plasma biochemistry

Alanine Amino Transferase (ALT)

The plasmatic concentration of ALT was determined using the appropriate Randox kit for
Daytona automate (Randox, cat# AL 3801). Briefly, the ALT within the plasma sample
enzymatically transforms a-oxoglutarate and L-alanine into L-glutamate and pyruvate. In the
presence of NADH, the generated pyruvate is converted by lactate dehydrogenase to form L-
lactate and NAD". The kinetics of the reaction is studied and allows the plasmatic level of

ALT to be calculated. Results are expressed in U/L.

Aspartate Amino Transferase (AST)

The plasmatic concentration of AST was determined using the appropriate Randox kit for
Daytona automate (Randox, caté AS 3804). Briefly, the AST within the plasma sample
enzymatically transforms a-oxoglutarate and L-aspartate into L-glutamate and oxaloacetate.

In the presence of NADH, the generated oxaloacetate is converted by malate
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dehydrogenase to form L-malate and NAD*. The kinetics of the reaction is studied and allows

the plasmatic levels of AST to be calculated. Results are expressed in U/L.

Histology
At sacrifice, liver samples were processed for histological analysis and examined as follows.

Tissue embedding and sectioning

The liver slices were first fixed for 12 hours in formalin 4% solution. Then, the liver pieces
were washed 30 minutes in PBS, and dehydrated in ethanol solutions (successive baths at
70, 80, 95 and 100% ethanol). The liver pieces were incubated in three different baths of
Xylene (Sigma-Aldrich cat# 534056), followed by two baths in liquid paraffin (60°C). Liver
pieces were then put into racks that were gently filled with Histowax® to completely cover the
tissue.

The paraffin blocks containing the tissue pieces were removed from the racks and stored at

room temperature. The liver blocks were cut into 3 ym slices.

Picrosirius red staining

Liver sections were deparaffinized, rehydrated and incubated for 15 minutes in a solution of
Fast Green FCF 0.04% (Sigma-Aldrich, cat# F7258) before rinsing in a bath of 0.5% acetic
acid (Sigma-Aldrich, cat# 695092). Then, the liver sections were rinsed in water and
incubated 30 minutes in a solution of Fast Green FCF 0.04% - 0.1% sirius red (Direct Red
80, Fluka cat# 43665) in saturated aqueous picric acid (Sigma-Aldrich cat# P6744). Sections
were then dehydrated, and mounted using the CV Mount medium (Leica, cat
#14046430011).

Histological examinations

A technician blinded to the source of each liver specimen performed histological
examinations. Virtual slides were generated using the Pannoramic 250 scanner from 3D
Histech. Using Quant Center software (3D Histech, including Pattern Quant and Histo Quant
modules), collagen-stained areas were quantified. Briefly, Pattern Quant was used to detect
the tissue and measure its surface. Then, Histo Quant was used to detect the stained
collagen content and measure its surface, based on a color threshold method. The fibrosis
area was then expressed as the percentage of the collagen surface to the whole tissue for
each animal.

Hepatic fibrosis staging was blind-evaluated, using CRN fibrosis criteria.
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Details on the parameters, quantification/counting, and number of fields considered are

provided in the following table 5.

Table 5: CRN'’s criteria for fibrosis

Points Description
Parameter )
In score (the entire section was considered)
0 |Nofibrosis
] Centrilobular perisinusoidal/pericellular fibrosis or
portal/periportal fibrosis
Centrilobular perisinusoidal/pericellular fibrosis and
Fibrosis 2

portal/periportal fibrosis

Centrilobular perisinusoidal/pericellular fibrosis and/or portal

fibrosis with focal or extensive bridging fibrosis

4 Cirrhosis

Statistical analysis

Experimental results were expressed as mean * standard deviation (SD) and plotted as bar

graphs or curves. Statistical analyses were performed as follows:

) For body weight and Food intake parameters:

On the one hand, CSAA diet and CDAA + 1% chol groups were compared by two-way
ANOVA measures on factor Time followed by a Bonferroni’s test, using Sigma Plot 11.0
software ($: p<0.05; $$: p<0.01; $$$ p<0.001); on the other hand, treatment groups were
compared to CDAA + 1% chol diet with the same statistical analyses and software (*: p<0.05;
**: p<0.01; ***: p<0.001).

) For the measures performed after sacrifice, CSAA vs CDAA + 1% chol groups were
compared by a Student t-test using Sigma Plot 11.0 software (#: p<0.05; ##: p<0.01; ###:
p<0.001) and treatment groups were compared to CDAA + 1 % chol diet by one-way ANOVA
followed by a Bonferroni’s test, using Sigma Plot 11.0 software (*: p<0.05; **: p<0.01; ***:
p<0.001).

Measurement of hepatic collagen content

The hepatic collagen content was determined using the appropriate QuickZyme kit (Total
collagen assay, cat# QZB-totcol5). The assay is based on the detection of hydroxyproline,

which is a non-proteinogenic amino acid mainly found in the triple helix of collagen. Thus,
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hydroxyproline in tissue hydrolysates can be used as a direct measure of the amount of
collagen present in the tissue (without discrimination between procollagen, mature collagen
and collagen degradation products).
Complete hydrolysis of tissue samples in 6M HCI at 95°C is required before dosing the
hydroxyproline. The assay results in the generation of a chromogen with a maximum
absorbance at 570 nm. Results are expressed as mg of collagen / g of liver.

Procollagen lll N-terminal Propeptide (PIIINP)

The plasmatic concentration of PIIINP was determined using an ELISA assay from Cloud-
Clone Corp (cat# SEA573Ra), according to the manufacturer’s instructions. The microtiter
plate is pre-coated with an antibody specific to PIIINP. Standards or samples are added to
the appropriate microtiter plate wells with a biotin-conjugated antibody specific to PIINP.
Next, Avidin conjugated to Horseradish Peroxidase (HRP) is added to each microplate well
and incubated. After TMB substrate solution is added, only those wells that contain PIIINP,
biotin-conjugated antibody and enzyme-conjugated Avidin will exhibit a change in color. The
enzyme-substrate reaction is terminated by the addition of sulphuric acid solution and the
color change is measured spectrophotometrically at a wavelength of 460nm + 10nm. The
concentration of PIIINP in the samples is then determined by comparing the OD of the

samples to the standard curve. Results are expressed in pg/mL.

Gene expression
RNA extraction

Hepatic Total RNA was isolated using Nucleospin® 96 Kit (Macherey Nagel) following
manufacturer’s instructions. 150ng of total RNA were reverse transcribed in cDNA using M-
MLV-RT (Moloney Murine Leukemia Virus Reverse Transcriptase) (Invitrogen cat# 28025) in
presence of RT buffer 1x (Invitrogen cat#P/NY02321), 1mM DTT (Invitrogen
cat#P/NY00147), 0.5mM dNTPs (Promega), 200ng pdN6 (Roche cat#11034731001) and
40U of Ribonuclease inhibitor (Promega cat#N2515).

Quantitative PCR was then carried out using the CFX96 Touch™ Real-Time PCR Detection
System (Biorad). Briefly, PCR reactions were performed in 96 well plates on 5ul of 5x diluted
reverse transcription mix using the iQ SYBR Green Supermix kit (Biorad cat#170887). The
experimental conditions were: 20 pL of volume reaction and 0.5uL each of reverse and

forward primers (10pMol).
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Primer name Sequence ID Sequence (5’->3’)
aSMA forward 1 CTGACAGAGGCACCACTGAA
oSMA reverse 2 CATCTCCAGAGTCCAGCACA
Col1a1 forward 3 AGGCGAACAAGGTGACAGAG
Col1a1 reverse 4 GCCAGGAGAACCAGCAGAG
Col1a2 forward 5 ATTGGAAGCCGAGGTCCCAG
Col1a2 reverse 6 TTTGCCCCCAGGTATGCCAG
TGFB1 forward 7 TTGCTTCAGCTCCACAGAGA
TGFB1 reverse 8 TGGTTGTAGAGGGCAAGGAC
TIMP1 forward 9 ATTCAAGGCTGTGGGAAATG
TIMP1 reverse 10 CTCAGAGTACGCCAGGGAAC
TIMP2 forward 11 GCATCACCCAGAAGAAGAGC
TIMPZ2 reverse 12 GGGTCCTCGATGTCAAGAAA
MMP2 forward 13 TCCCTAAGCTCATCGCAGAC
MMP2 reverse 14 GCTTCCAAACTTCACGCTCT
MMP7 forward 15 TAATTGGCTTCGCAAGGAGA
MMP7 reverse 16 AAGGCATGACCTAGAGTGTTCC
CCR2 forward 17 TAATATGTTACCTCAGTTCATCCACGG
CCR2 reverse 18 TGCTCTTCAGCTTTTTACAGCCTATC
CCR5 forward 19 ATTCTCCACACCCTGTTTCG
CCRS5 reverse 20 GAATTCCTGGAAGGTGGTCA
GAPDH forward 21 TATGACTCCACTCACGGCAA
GAPDH reverse 22 TCCACGACATACTCAGCACC

Expression levels were normalized using the expression of GAPDH gene as reference.

For each gene, the standard curve was drawn by selecting the best points (at least three
points) in order to have PCR reaction efficiency close to 100% and a correlation coefficient
close to 1. Expression levels were determined using the standard curve equation for both the
housekeeping gene and the target gene (taking into account the specific PCR efficiency of

each target gene).

Results and conclusions:

The abnormal persistence of differentiated myofibroblasts is a characteristic of many fibrotic

diseases.




10

15

20

25

30

WO 2018/167103 PCT/EP2018/056310
60

Following liver injury, quiescent HSCs undergo a process of activation that is characterized
by a differentiation into (a-SMA)-positive myofibroblasts.

NTZ as a single agent was shown to confer an anti-fibrotic activity in TGFB-induced hHSC
(Fig.1B). Since it is known that NTZ is rapidly hydrolyzed into its active metabolite tizoxanide
(TZ) (Broekhuysen, Stockis et al. 2000), this metabolite was also evaluated for its antifibrotic
activity in HSC. TZ showed a profile similar to the parent drug (data not shown). On the other
hand, some PPAR agonists like Elafibranor also revealed an antifibrotic profile in the TGFp
induced HSC model (Fig. 1A). Other PPAR agonists like bezafibrate revealed a weak
activity suggesting that PPAR agonists are not equivalent regarding their antifibrotic
properties (Fig. 1C).

In order to evaluate if a combination of Elafibranor with NTZ could reduce fibrosis in a
synergistic manner, combination matrix experiments were performed in TGFp-induced HSCs.
Briefly, NTZ and Elafibranor solutions were serially diluted in a checkerboard format
generating a 42 combinations matrix covering a large panel of Elafibranor/NTZ ratios.
Synergy was first determined by calculating Excess Over Bliss scores. These experiments
revealed that NTZ could synergize with Elafibranor to reduce a-SMA production in activated
HSCs. Several combination pairs revealed an EOB score over 10, which is indicative of a
synergism (Fig.2B). To validate the synergism, the experimental values corresponding to top
EOB score were plotted in a bar graph (Fig. 2C). These graphs illustrate that the combination
of NTZ with Elafibranor shows a superior antifibrotic effect that is statistically significant
compared to the highest single agent (NTZ or Elafibranor). The most impressive example is
represented with the combination pair NTZ at 0,6uM and Elafibranor at 5uM. Although NTZ
shows almost no antifibrotic activity at 0,6 uM, the addition of Elafibranor at 5uM results in a
strong reduction of aSMA of 55%, which is much stronger than the effect observed with the
single agents alone. In conclusion, the applicant has discovered unexpected antifibrotic
activities for a combination of a compound of Formula (I) with specific PPAR agonist(s).
These results suggest that a combination of a compound of Formula (I) with a PPAR agonist

can be synergistic and can provide therapeutic benefits in multiple types of fibrotic diseases.

The administration of a choline-deficient and L-amino acid-deficient (CDAA) + 1 %
cholesterol diet to mice causes progressive fibrosing steatohepatitis that is pathologically
similar to human non-alcoholic steatohepatitis (NASH).

The CDAA +1 % cholesterol diet notably induces a significant increase in the hepatic

collagen, as shown in the figure 3.
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This figure also shows that administration of Elafibranor or NTZ alone decreases the hepatic
collagen content. The decrease in collagen is proportional to the dose of elafibranor or NTZ
administered.

When a combination of Elafibranor and NTZ is administered, the decrease in collagen
produced is greater than the decrease observed for each compound taken separately.

There is therefore a synergistic effect of the combination of elafibranor and NTZ on the
decrease in collagen production. In other words, there is a noticed anti-fibrotic effect when
Elafibranor and NTZ are combined.

The better effect is observed for the combination comprising Elafibranor at 2.8 mpk (mg per

kilogram) and NTZ at 77,7 mpK, expressed in calculated doses.

The figure 4 represents the results obtained with the histology, i.e. the determination of the
fibrosis area which was expressed as the percentage of the collagen surface to the whole
tissue for each animal.

The CDAA +1 % cholesterol diet notably induces a significant increase in the fibrosis
percentage.

The figure 4 also shows that administration of Elafibranor or NTZ alone decreases the
fibrosis percentage. The decrease is proportional to the dose of elafibranor or NTZ
administered.

When a combination of Elafibranor and NTZ is administered, the decrease in fibrosis
percentage is greater than the decrease observed for each compound taken separately.
There is therefore a synergistic effect of the combination of elafibranor and NTZ on the
decrease in the fibrosis percent. In other words, there is a noticed anti-fibrotic effect when
Elafibranor and NTZ are combined.

The better effect is observed for the combination comprising Elafibranor at 2.8 mpk (mg per

kilogram) and NTZ at 77,7 mpK, expressed in calculated doses.

The figures 5 to 11 represent the gene expression of different hepatic markers of fibrosis. For
all markers, the CDAA +1 % cholesterol diet notably induces a significant increase in the
gene expressions.

It can also be noted that that administration of Elafibranor or NTZ alone decreases the level
of the different gene expression. The decrease is proportional to the dose of elafibranor or
NTZ administered.

When a combination of Elafibranor and NTZ is administered, the decrease in the gene

expression is greater than the decrease observed for each compound taken separately.
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There is therefore a synergistic effect of the combination of elafibranor and NTZ on the
decrease in the gene expression of different hepatic markers of fibrosis. In other words, there

is a noticed anti-fibrotic effect when Elafibranor and NTZ are combined.

To assess the synergism with the combination of NTZ with component (i), GS-0976,
Selonsertib (GS-4997), GKT-831, KD-025, Cenicriviroc (CVC), Tropifexor (LIN-452), and
Aramchol were validated on anti-fibrotic activity. The combination of NTZ with GS-0976,
Selonsertib (GS-4997), GKT-831, KD-025, Cenicriviroc, Tropifexor, and Aramchol revealed
an EOB score > 0, which is indicative of a synergism.

The combination of GS-0976 at 10 uM and NTZ at 1.25 uM resulted also in a significant and
strong reduction of aSMA of 64%, which was much stronger than the effect observed with
the single agents alone (Fig. 12A). The combination of Selonsertib (GS-4997) at 10 uM and
NTZ at 2.5 yM also resulted in a significant and strong reduction of aSMA of 77%, which was
much stronger than the effect observed with the single agents alone (Fig.12B ). The
synergism was even more pronounced with the combination of GKT-831 0.3uM and NTZ at
0.3 uM (Fig. 12C) and the combination of KD-025 at 1 uM and NTZ at 0.3 uM (Fig. 12D).
The combination of Cenicriviroc at 3 yM and NTZ at 2.5 uM resulted also in a significant and
strong reduction of aSMA of 47%, which was much stronger than the effect observed with
the single agents alone (Fig. 12E). The synergism was to the same extent with the
combination of Tropifexor 3 yM and NTZ at 1.3 yM (Fig. 12F). The combination with
Aramchol at 3 yM and NTZ at 0.625 uM reached a reduction of aSMA of 52%.

By contrast, no synergism could be observed with the combination of NTZ with Nalmefene
(JKB-121), originally known as nalmetrene, an opioid antagonist and TLR-4 antagonist used
primarily in the management of alcohol dependence, or PBI-4050, a potential treatment for

idiopathic pulmonary fibrosis, acute lung injury, cystic fibrosis, diabetic.

In conclusion, the applicant has discovered unexpected antifibrotic activities for a
combination of a compound of Formula (I) with specific ROCK2 inhibitor(s), ACC inhibitor(s),
dual NOX1 and NOX4 inhibitors, ASK1 inhibitor(s), Fatty Acid Bile Acid conjugates (FABAC),
FXR agonists, and CCR antagonists.

These results suggest that a combination of a compound of Formula (I) or Formula (I1) with a
ROCK?2 inhibitor, an ACC inhibitor, a dual NOX1 and NOX4 inhibitor, an ASK1 inhibitor, a
Fatty Acid Bile Acid Conjugate, an FXR agonist, and a CCR antagonist can be synergistic
and/or can have additional effect and can also provide therapeutic benefits in multiple types

of fibrotic diseases.
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