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Abstract: Non-alcoholic steatohepatitis (NASH) is associated with significant morbidity
and mortality due to liver cirrhosis, liver failure, and hepatocellular carcinoma, and repre-
sents a leading indication for liver transplantation in the United States (U.S.). A growing
spectrum of novel therapies are currently in clinical development and target several mechan-
isms of action which address hepatic steatosis, steatohepatitis, and hepatic fibrosis.
Cenicriviroc (Allergan, Dublin, Ireland) is a novel oral antagonist of CC-motif chemokine
receptors 2 and 5 (CCR2/5) which have demonstrated expression on circulating monocytes
and Kupffer cells. Preclinical models have confirmed that CCR2/5 antagonism may block fat
accumulation and Kupfter cell activation and disrupt monocyte/macrophage recruitment and
hepatic stellate cell activation responsible for fibrogenesis. Herein we review results from the
phase 2b CENTAUR trial and study designs for the phase 2b TANDEM and phase 3
AURORA trials and discuss the potential role of cenicriviroc in future pharmacotherapy
for NASH fibrosis.
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Introduction

Nonalcoholic steatohepatitis (NASH) is the inflammatory subtype of nonalcoholic
fatty liver disease (NAFLD) and is characterized by steatosis, hepatocyte injury
(ballooning) and inflammation, with or without fibrosis." The presence of fibrosis
increases the risk of disease progression to cirrhosis, end-stage liver disease,
hepatocellular carcinoma and need for liver transplantation.”® Notably, fibrosis
severity is the only histologic feature of NASH independently associated with
liver related and all-cause mortality.*° Paralleling the epidemic of metabolic
conditions such as obesity, type 2 diabetes mellitus, and dyslipidemia, the preva-
lence of NAFLD/NASH has been increasing over the past decade.’” NASH-
associated cirrhosis has become the leading indication for liver transplantation in
women and is the second leading indication in men.® The global prevalence of
NAFLD is estimated at approximately 25% of the world population, of whom 20%
are expected to develop NASH.”*!” There are currently no US Federal Drug
Administration (FDA) approved therapies for the treatment of NASH, highlighting
an important unmet medical need. The aim of this concise review is to explore the
therapeutic potential of cenicriviroc by summarizing key results of major preclinical
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and clinical studies and discussing the future direction for
cenicriviroc as a potential treatment for NASH.

Cenicriviroc

NASH is a complex entity in which numerous signaling path-
ways are involved in disease pathophysiology. Two specific
pathways, macrophage-mediated inflammation and hepatic
stellate cell activation, have been identified as key pathways
in disease progression (Figure 1)."" Accumulation of fat in the
liver may be associated with inflammation and hepatic injury
(ballooning), which in turn may activate hepatocytes, liver
macrophages (Kupffer cells) and hepatic stellate cells (HSC)
to release chemokines which interact with the CCR2 receptor
on circulating monocytes to promote infiltration into the
liver where they differentiate into pro-inflammatory
macrophages.'>'> This population of cells is referred to as
monocyte-derived macrophages (MoMF) which are distinct
from the tissue-resident macrophages, Kupffer cells (KC).'*"?
Both MoMF and KC release proinflammatory cytokines such
as transforming growth factor B (TGF-B) and platelet-
delivered growth factor (PDGF) which activates HSC.'*'?
Activated HSC differentiate into myofibroblast-like cells
which produce collagen resulting in liver fibrosis.'® The
CCRS

a subpopulation of lymphocytes and HCS and contributes to

chemokine receptor is also expressed in

profibrogenic activation and proliferation.'”'® Cenicriviroc
(CVC), an oral dual CCR2/CCRS5 antagonist is under investi-
gation as a potential treatment for NASH due to its broad
spectrum of anti-inflammatory and anti-fibrotic effects.'

Pre-Clinical Models

CVC showed promising results in various preclinical mod-
els. Its effect on decreasing the migration of monocytes
was proven in a thioglycolate-induced peritonitis mouse
model in which CVC reduced monocyte infiltration into
the peritoneal cavity.?’ Likewise, in a carbon tetrachloride
(CCl4) mouse model, CVC significantly decreased MoMF
in acutely injured liver tissue?' but did not change hepatic
Additionally, the antifi-
of CVC were

a streptozocin/high fat mouse model, with significant

lymphoid populations in vivo.?!
brotic  properties demonstrated in
reduction of collagen deposition in the liver, percentage
of fibrosis area and NAFLD activity score (NAS).?’ In the
choline-deficient/high fat mouse model of NASH, CVC
resulted in significant decreases in histologic and molecu-
COL1A1

mRNA expression) of hepatic fibrosis, although without

lar markers (hepatic hydroxyproline levels,

significant changes in hepatic steatosis or inflammation.*
These findings were corroborated by findings from
a thioacetamide (TAA) rat model in which CVC resulted
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Figure | Cenicriviroc mechanism of action.

Abbreviations: CCL-2, chemokine (C-C motif) ligand 2; CCR2, C-C chemokine receptor 2; TFGB, transforming growth factor ; PDGF, platelet-derived growth factor.
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in a significant reduction of liver collagen deposition,*
and a decrease in insulin resistance, steatohepatitis and
liver fibrosis in human liver tissue from patients with
NASH.>
CCR2/5 signaling with CVC was associated with preven-

Furthermore, pharmacologic inhibition of
tion and reversal of alcohol-induced liver injury, steatosis,

and inflammation in a mouse model.?*

Safety and Tolerability

A favorable safety and tolerability profile for CVC has
been supported by several clinical studies including the
Phase 1, open-label, nonrandomized, single-center study.?
In this study, 29 participants with mild (Child-Pugh class
A) and moderate (Child-Pugh class B) hepatic insuffi-
ciency (HI) were matched by age, body weight and gender
with healthy participants and were administered CVC
150mg daily for 14 days. CVC was well tolerated with
few safety concerns identified in healthy participants and
those with mild or moderate HI. Headache and gastroin-
testinal complaints were reported in two participants, and
one patient experienced an increase in serum transami-
nases. No significant difference in adverse effects were
observed between subjects on CVC versus matched con-
trols, with matching of baseline levels of proinflammatory
cytokines and bacterial translocation biomarkers.?

Phase 2b Trial: CENTAUR

The major Phase 2b study evaluating CVC for the
treatment of NASH was the CENTAUR trial
(NCT02217475),2° which was a randomized, double-
blind, placebo-controlled, multinational study in which
289 adults with histological evidence of NASH, a NAS >
4 including at least one point in each component, and liver
fibrosis (NASH Clinical Research Network [CRN] stages
1-3) were enrolled across 81 trial sites in 10 countries.
Subjects had either type 2 diabetes mellitus, overweight
(body mass index >25kg/m?), >1 criteria of metabolic
syndrome, bridging fibrosis (NASH CRN stage 3), or
significant histologic disease activity (NAS > 5).
Participants were randomized 2:1:1 to arm A (CVC
150mg daily for 2 years), arm B (placebo for 1 year then
CVC 150mg daily for 1 year), or arm C (placebo for 2
years).?* The primary outcome was NASH improvement,
defined as >2-point improvement in NAS (with >1-point
reduction in either lobular inflammation or hepatocellular
ballooning) and no worsening of fibrosis on liver biopsy
upon completion of 1 year of treatment. Two important
secondary outcomes included: 1) complete resolution of

steatohepatitis (SH) without worsening of liver fibrosis; 2)
improvement in liver fibrosis by >1 stage (NASH CRN)
without worsening of SH.?® One-year follow-up results
were available for 252 participants which confirmed that
CVS failed to demonstrate a statistically significant
improvement in the primary endpoint of NASH resolution,
which was achieved in 1619% of patients treated with
CVC and placebo, respectively (p=0.52). However, CVC
was associated with a statistically significant improvement
in the secondary endpoint of liver fibrosis of 1 stage or
greater without worsening SH, which was achieved in
2010% of patients treated with CVC and placebo, respec-
tively (p=0.02). Importantly, subgroup analysis demon-
strated greater effect of CVC on liver fibrosis among
subjects with higher disease activity (NAS > 5, prominent
hepatocellular ballooning) and liver fibrosis (stages 2
and 3), as well as more profound effects of CVC on
reduction of systemic inflammatory markers including
high sensitive C reactive protein (hsCRP), interleukin 1P
(IL-1B), interleukin 6 (IL-6), and fibrinogen, although
without effect on body weight or insulin resistance.?
These results strengthened the observation that CVC may
have important direct antifibrotic effects in patients with
NASH without affecting underlying steatohepatitis.
Two-year follow-up results in patients randomized to
CVC versus placebo were subsequently reported and con-
firmed durability of liver fibrosis regression at the later
timepoint, although without further reduction in liver
fibrosis stage.”” Among patients who achieved at mini-
mum a one stage fibrosis regression at one year, this end-
point was durable in 6030% of patients treated with CVC
versus placebo, respectively, and subgroup analyses
further revealed greater effects among patients with
advanced liver fibrosis (stage 3). Overall comparison of
the three trial arms confirmed a trend towards greater
fibrosis regression of >1stage in the pooled group of
patients treated with CVC in Arm A (CVC 150 mg daily
for 2 years) and Arm B (placebo for 1 year followed by
CVC 150 mg for 1 year) versus patients randomized to
Arm C (placebo for 2 years) (19.9% vs 11.1%, p=0.09).
Furthermore, patients treated with CVC in Arm B (placebo
for 1 year followed by CVC 150 mg for 1 year) demon-
strated a trend towards greater fibrosis progression of
>Istage versus Arm C (placebo for 2 years) (24.4% vs
17.1%, p=0.37). An additional trend was observed for
a larger proportion of patients treated with CVC in Arm
A and Arm B who achieved >2 stage fibrosis regression
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than patients randomized to Arm C (placebo for 2 years)
(15.8% vs 4.8%, p=0.18).

The investigators additionally observed that 53% of
patients who experienced worse liver fibrosis at the end
of year 1 experienced fibrosis improvement at the end
of year 2, which may represent natural fluctuation and/or
variability in the natural history of NASH fibrosis, parti-
cularly in individuals with less severe liver disease.
Furthermore, the significant proportion of subjects rando-
mized to placebo who achieved histologic endpoints for
NASH activity and liver fibrosis were consistent with
other studies that revealed similar placebo results, reflect-
ing the impact of standardized lifestyle interventions in all
study subjects across trial arms.”®*° The authors further
reported independent findings of the association between
changes in a novel fibrosis biomarker PRO-C3 (procolla-
gen C3 pro-peptide that reflects formation of type III
collagen) and liver fibrosis regression, signaling potential
utility as a noninvasive NASH biomarker.*

Overall, CENTAUR showed a favorable tolerability
and safety profile for CVC. No significant differences
were observed in treatment-emergent adverse events,
adverse events leading to treatment discontinuation, or
serious adverse events. No deaths were observed in this
phase 2b trial. The most common adverse effects of grade
2 severity or greater among patients randomized to CVC
included headache (1.4%), fatigue (2.8%), and diarrhea
(2.1%).%>~" Similar safety and tolerability were observed
upon completion of year two of the protocol.

Phase 3 Clinical Trial: AURORA

CVC is now under evaluation in the phase 3 clinical trial
AURORA .** The AURORA trial was designed on the basis
of findings from the CENTAUR trial, showing that those
participants who are more likely to benefit from CVC are
those with advanced disease. This phase 3 clinical trial aims
to evaluate and confirm the efficacy and safety of CVC for
the treatment of adults with NASH. The study is organized
and carried out in two parts over 5 years. Part 1 includes
1200 participants with histological evidence of NASH and
stage F2 or F3 fibrosis who are randomized 2:1 to CVC
150mg daily or placebo with primary endpoint at end of
Year 1 of liver fibrosis regression >1 stage without worsen-
ing of SH. Part 2 includes 800 participants with histological
evidence of NASH and stage F3 fibrosis with primary end-
point of clinical endpoints including time to adjudicated
event (death, histopathologic progression to cirrhosis, liver
Model

transplantation, of End-Stage Liver Disease

[MELD] score >15, ascites, hospitalization due to liver
decompensation). The primary objective of part 2 is to
compare CVC vs placebo on the composite endpoint of
histopathologic progression to cirrhosis, liver-related out-
comes and all-cause mortality. Key exclusion criteria
include presence of cirrhosis or hepatic decompensation,
other known causes of chronic liver disease, prior or
planned liver transplantation, HIV, alcohol consumption
>21 units/week, >5 upper limit of normal for liver function
tests, total bilirubin >1.3mg/dL, INR >1.3, MELD score
>12 and HbAlc >9%. Liver biopsy assessments are per-
formed at screening, 1 year and 5 years, and patient reported
outcome (PRO) measures are collected longitudinally over
5 years, including the Chronic Liver Disease Questionnaire-
Nonalcoholic Fatty Liver Disease, Work Productivity and
Activity Impairment in NASH and 36-Item Short Form
Health Survey Version 2.>? The anticipated primary com-
pletion date for AURORA is October 2021.

Phase 2b Combination Study:
TANDEM

Although early clinical data support direct antifibrotic
effects of CVC, effects on metabolic components of
NAFLD and NASH have been limited. Combination
approaches to incorporate novel investigational agents tar-
geting both metabolic and fibrosis endpoints are under
active exploration to augment efficacy in histologic and
clinical endpoints. In this context, the phase 2b TANDEM
trial®? is a randomized, placebo-controlled, multicenter trial
evaluating the combination of CVC and tropifexor (TXR).
TXR is a non-bile acid farnesoid X receptor (FXR) agonist
which has demonstrated important effects on bile acid,
glucose, and lipid metabolism.>*** TXR alone has shown
efficacy in preclinical models of NASH in which it has
reduced bile acid and triglyceride synthesis, and has
decreased hepatic steatosis, hepatic inflammation, and
hepatocyte ballooning.*® Preclinical and phase 1 studies
evaluating the combination of TXR plus CVC have
revealed a significant reduction in hepatic inflammation
and ballooning with acceptable safety and tolerability. The
all-oral combination of TXR and CVC is anticipated to
demonstrate antisteatotic, anti-inflammatory and antifibro-
tic effects. The primary objective of the phase 2b TANDEM
trial is to evaluate the safety and tolerability of a TXR plus
CVC combination regimen compared with TXR and CVC
monotherapy in 200 patients with NASH and liver fibrosis
stage F2/F3 over 48 weeks. The secondary objective will
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Table | Pre-Clinical Studies

and Clinical Trials Evaluating Cenicriviroc for NASH Treatment

at year |. Secondary: Resolution of SH
and no worsening of fibrosis;
improvement of fibrosis 2 | stage and

no worsening of SH

adults with NASH, a NAS = 4 at least |
in each component, and liver fibrosis
stages |-3. Participants were
randomized 2:1:1 to arm A (CVC
150mg daily for 2 years), arm

B (placebo for | year then CVC 150mg
daily for | year), or arm C (placebo for

2 years).

Study Objectives Description Results
Type
Antifibrotic Effects of the Dual Pre- Evaluate CVCs anti-inflammatory and I)Monocyte/macrophages recruitment | -CVC significantly reduced
CCR2/CCR5 Antagonist clinical antifibrotic effects in a range of pre- evaluated in mouse model of monocyte/macrophage
Cenicriviroc in Animal Models of clinical models thioglycolate induced peritonitis 2) recruitment in vivo.
Liver and Kidney Fibrosis CVCs antifibrotic effects were -Also showed significant reduction
evaluated in thioacetamide induced rat | in collagen deposition.
model of liver fibrosis and mouse -In NASH model, CVC
models of diet induced NASH significantly reduced NAFLD
activity score
-CVC did not affect body or liver
weight
Differential impact of the dual Pre- Evaluate the impact of CVC in the Acute liver injury was induced in mice | -Simultaneous administration of
CCR2/CCRS inhibitor clinical composition of myeloid and lymphoid by single injection of CCL4 CCL4 and CVC in mice
cenicriviroc on migration of immune cell populations in acute liver | intraperitoneally, CVC was given by significantly decreased the number
monocyte and lymphocyte injury oral gavage of MoMF in acutely injured livers
subsets in acute liver injury -CVC had no impact on the
composition of hepatic lymphoid
cell population in vivo
Prolonged cenicriviroc therapy Pre- Asses the efficacy and durability of Mice received 4 or 14 weeks of -High dose CVC in CDAHFD
reduces hepatic fibrosis despite clinical short and prolonged CVC therapy in standard chow or the choline deficient, | mice for 4 and 14 weeks inhibited
steatohepatitis in a diet-induced a diet induced mouse model of NASH | L-amino acid-defined high fat diet intrahepatic accumulation of bone
mouse model of nonalcoholic (CDAHFD). CVC was initiated marrow derived macrophages
steatohepatitis. simultaneously with the CDAHFD -Despite ongoing steatohepatitis,
there was significantly less fibrosis
in CDAHFD mice receiving high
dose CVC for 14 weeks
Pharmacokinetics, Safety, and Phase I)Compare the PK of CVC in Open label, nonrandomized, single -CVC was well tolerated and no
CCR2/CCR5 Antagonist Activity | | participants with mild or moderate HI | center study. participants with mild safety concerns were identified in
of CVC in Participants With Mild (Child-Pugh A and B) with healthy (Child-Pugh class A) and moderate healthy participants as well as
or Moderate Hepatic participants. 2) Evaluate the safety and | (Child-Pugh class B) HI were matched | those with mild and moderate HI.
Impairment. tolerability of CVC and its effects on by age, body weight and gender with -Moderate HI but not mild HI
CCR2/CCRS ligands, proinflammatory | healthy participants and were given increase CVC exposure
cytokines, and biomarkers of bacterial | CVC 150mg daily for 14 days. -Proinflammatory cytokines and
translocation. bacterial translocation biomarkers
were no different between HI and
healthy participants.
CENTAUR part | Phase Primary: 2 2-point improvement in Randomized, double blinded, placebo -No significant difference between
2b NAS and no worsening of fibrosis controlled, multinational study of 289 CVC and placebo achieving

primary outcome

-Significant difference in the CVC
group of improvement in fibrosis
by = | stage and no worsening of
SH compared to those on placebo
- Subgroup analysis showed
greater CVC treatment benefits in
subjects with higher disease
activity and fibrosis stage

- CVC did not improve the
histologic component of HS (NAS
score) nor did it affect body
weight, liver function tests or

insulin resistance

(Continued)
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Table | (Continued).

Study Objectives Description Results
Type
CENTAUR part Il Phase Same as above Of 289 participants 242 entered -Over 2 years a similar proportion
2b the second year on CVC or placebo achieved > |
stage fibrosis and no worsening of
NASH
- Double the proportion on CVC
who achieved fibrosis response at
end of year | maintained benefit
at year 2 (60% vs 30%).
-The durability of antifibrotic
response of CVC treatment was
higher in those with stage 3
fibrosis
AURORA Phase Part |: to demonstrate histologic Part | will include 1200 participants -Primary completion date for is
3 improvement at the end of | year with | with histological evidence of NASH estimated to be in Oct 2021.
CVC vs placebo, specifically and stage F2 or F3 fibrosis randomized
improvement in liver fibrosis > | stage | 2:1 to CVC 150mg daily or placebo.
and no worsening of SH Part I will include 800 newly
part Il: to demonstrate superiority of randomized participants with
CVC vs placebo on the composite histological evidence of NASH and
endpoint of histopathologic stage F3 fibrosis plus the 1200
progression to cirrhosis, liver related participants from part |
clinical outcomes and all-cause
mortality.
TANDEM Phase Primary: Evaluate the safety and randomized, placebo controlled, Estimated completion date is
2b tolerability of TXR and CVC multicenter clinical trial. September 2020.
combination therapy compared with Randomization I:1:1:1 ratio to receive
monotherapies in 200 patients with either TXR 140ug qd, CVC 150mg qd,
NASH and liver fibrosis stage F2/F3 TXR 140ug + CVC 150mg qd or TXR
over 48 weeks. Secondary: determine | 90ug + CVC 150mg qd
efficacy of the combination regimen on
histological improvement (at least
a |-point improvement in fibrosis
score or resolution of steatohepatitis)
vs monotherapies.

Abbreviations: CCR2/CCRS5, CC-motif chemokine receptors 2 and 5; CVC, cenicriviroc; NASH, non-alcoholic steatohepatitis; NAFLD, non-alcoholic fatty liver disease;
CCLA4, carbon tetrachloride; MoMF, monocyte-derived macrophages; CDAHFD, L-amino acid-defined high fat diet; PK, pharmacokinetics; HI, hepatic insufficiency; NAS,

NAFLD activity score; HS, hepatic steatosis; TXR, tropifexor; qd, daily.

determine the efficacy of TXR plus CVC on histological
improvement (at least a 1-point improvement in fibrosis
score or NASH resolution) vs CVC or TXR monotherapy.
Patients will be randomized in a 1:1:1:1 ratio to receive
TXR 140ug qd, CVC 150mg qd, TXR 140ug + CVC 150mg
qd or TXR 90ug + CVC 150mg qd. Additional study mea-
sures include liver fat content using MRI-PDFF, non-
invasive fibrosis markers (enhanced liver fibrosis test,
AST platelet ratio index, fibrosis-4 and NAFLD score,
transient elastography), lipid parameters, markers for target
engagement (fibroblast growth factor 19 and cholesten-

3-one C4) and markers of systemic inflammation and apop-
tosis. Based on the results of the phase 2b CENTAUR trial,
the response rate of improvement in fibrosis of >1 stage
with CVC monotherapy at week 48 in patients with F2 and
F3 fibrosis is modeled at approximately 35%.%” TXR mono-
therapy is currently under investigation in an independent
phase 2b monotherapy study (FLIGHT-FXR); preliminary
data have revealed robust, dose-dependent reductions in
hepatic fat and liver transaminases versus placebo at 12
weeks.*> The TANDEM study is estimated to reach com-
pletion in September 2020.
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Table 2 Other Therapies in Phase 3 Clinical Trials for NASH (Clinicaltrials.gov)

Trial Phase | Drug Mechanism Primary Outcome Expected
Completion
REGENERATE | Phase Obeticholic | FXR agonist -Improvement in fibrosis by 2 | stage with no worsening | Oct 2022
3 acid NASH
-NASH resolution with no worsening of fibrosis
-All cause mortality and liver related events
RESOLVE IT Phase | Elafibranor PPAR @/ agonist -NASH resolution without worsening of fibrosis Dec 2021
3 -All cause mortality, cirrhosis, liver related clinical
outcomes
MONARCh Phase | MSDC Mitochondrial pyruvate -Change in HbAlc Dec 2021
3 0602K carrier inhibitor -Histological resolution of NASH
MAESTRO- Phase | Resmetirom | Thyroid hormone -NASH resolution on histology March 2024
NASH 3 receptor 3 agonist -All cause mortality, cirrhosis, liver related clinical
outcomes
ARMOR Phase | Aramchol SCD-I| modulator Resolution of NASH or improvement in fibrosis by | Dec 2024
3 stage and no worsening of NASH

Abbreviations: FXR, farnesoid X receptor; NASH, non-alcoholic steatohepatitis; PPAR, peroxisome proliferator-activated receptor; SCD, stearoyl-CoA desaturase |.

Future Directions

NASH is associated with substantial morbidity and mortality,
and in the absence of an FDA-approved treatment, novel
pharmacologic agents are urgently needed. CVC is a novel
oral antagonist of CC-motif chemokine receptors 2 and 5
(CCR2/5) which has demonstrated promising preclinical,
early clinical, and phase 2b data that support safety and efficacy
in reversing liver fibrosis in patients with biopsy-confirmed
NASH (Table 1). The phase 3 AURORA trial will provide
further confirmation of the safety and efficacy profile to clarify
the potential role for CVC in the treatment of NASH fibrosis.
Additional studies evaluating its role in combination with
alternative mechanisms of action focused on metabolic end-
points targeted at liver steatosis and steatohepatitis may help
determine a future role as part of oral combination regimens. In
addition to the phase 3 AURORA trial and phase 2b TANDEM
trial, multiple other novel pharmacologic agents are currently
under investigation in phase 2 and 3 trials (Table 2). *"*° The
regulatory framework for the approval of novel NASH-
specific therapies requires demonstration of either histologic
NASH resolution (without worsening liver fibrosis) or histo-
logic liver fibrosis regression of at least one stage (without
worsening NASH) within an adaptive phase 3/4 trial design
with demonstration of clinical outcome improvement upon
long-term follow-up. Although current trial design and end-
points are limited by heterogeneous clinical phenotypes, long
latency period between diagnosis and clinical outcomes (eg,
cirrhosis, liver cancer), intrinsic flaws and variability in the

biopsy gold standard, and slow acceptance of validated NASH
biomarkers, the continued expansion of novel investigational
agents targeting a diverse spectrum of metabolic and fibrosis
pathways have created optimism for major advances in the
treatment of patients with NASH fibrosis.

Abbreviations

NASH, non-alcoholic steatohepatitis; US, United States;
CCR, CC-motif chemokine receptor; NAFLD, non-alcoholic
fatty liver disease; FDA, Federal Drug Administration; HSC,
hepatic stellate cells.
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