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Abstract: Non-alcoholic fatty liver disease (NAFLD) and alcoholic liver disease (ALD) are currently the
two most common liver diseases in the world. Alcoholic hepatitis (AH), a unique clinical syndrome among
ALD patients has high short-term mortality. Apart from controlling the risk factor for individual respective
disease, there are no Food and Drug Administration (FDA) approved medical therapies for these diseases.
Opver the last 5-10 years, the field has extensively grown with many new targets being studied in randomized
clinical trials for these diseases, with many of these drugs being tested in both the conditions. In this chapter,
we will describe the novel therapeutic agents and current status of ongoing clinical trials with these agents
for the treatment of NAFLD and/or AH.
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Introduction phase 3 development for the treatment of NASH, and the

o ) ) first drug may be registered for this indication in 2019.
Both alcoholic liver disease (ALD) and non-alcoholic

The epidemiology of ALD is highly variable across
fatty liver disease (NAFLD) are leading indications for

countries (6). Due to cultural and policy differences, there is

liver transplantation in the United States and important substantial variation in per capita alcohol consumption (7).

causes of hepatocellular carcinoma (HCC) and cirrhotic Nonetheless, in the era of direct-acting antivirals, ALD has

complications. NAFLD affects at least a quarter of the global
adult population (1). Its active spectrum, non-alcoholic
steatohepatitis (NASH), is associated with accelerated
fibrosis progression and increased risk of liver-related
morbidity and mortality (2,3). While lifestyle intervention
can reverse NASH and fibrosis, only a minority of patients
can achieve sufficient weight reduction and histological
improvement (4,5). At present, five drugs have entered
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surpassed chronic hepatitis C as the leading indication for liver
transplantation in the United States since 2016 (8). Alcohol
abstinence is the most effective treatment for ALD but is
difficult to achieve. Systemic corticosteroids remain the
most established treatment for severe alcoholic hepatitis
(AH), but do not improve long-term survival and are
associated with infective complications (9).

It is thus clear that NASH and ALD represent two
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Table 1 Management of NAFLD
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Non-alcoholic Cirrhosis secondary to

Management Non-alcoholic fatty liver steatohepatitis steatohepatitis

Lifestyle intervention Yes Yes Yes

Pharmacological treatment for steatohepatitis No Yes Yes

Screening for hepatocellular carcinoma No Need better data on risk Yes
prediction

Screening for varices No No Yes

Bariatric surgery

Liver transplantation No

If morbidly obese

If morbidly obese If morbidly obese

No For liver decompensation

NAFLD, non-alcoholic fatty liver disease.

common conditions with limited treatment options. In this
article, we review emerging therapies that may come to the
clinic and transform clinical management in the future.

NAFLD

NAFLD is strongly associated with obesity and metabolic
syndrome (10). Like other metabolic diseases, lifestyle
management in terms of dietary restriction and regular
physical exercise is the key management (7able I). There
is a dose-response relationship between weight reduction
and improvement in NAFLD/NASH (4,5). In particular,
a >10% weight reduction can lead to resolution of NASH
in the majority and improvement in liver fibrosis in almost
half of the patients. However, few patients can achieve
this degree of weight reduction, and the presence of
musculoskeletal problems in obese patients often limits
the degree of physical activity. Therefore, some patients
would still require pharmacological treatment. Nonetheless,
because only a minority of patients with NASH will
eventually die from liver disease, pharmacological treatment
should be reserved for patients at risk of liver-related
complications. Based on the current knowledge on the
natural history of NAFLD, this would mean selecting
NASH patients with at least significant fibrosis (F2 disease)
(3,11). Among currently available drugs (none has specific
indication for NASH), vitamin E and pioglitazone have
demonstrated beneficial effects on histological NASH (12).
A single-center study even suggests that vitamin E may
prevent liver decompensation and improve survival in
patients with advanced fibrosis (13). Current regional
guidelines have endorsed the use of these two agents
in selected patients with NASH (14-16). In addition,
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glucagon-like peptide 1 agonists such as liraglutide are
important treatments for diabetes and obesity and may also
improve NASH (17). These drugs have been discussed in
previous reviews and will not be the focus of this article (18).

Furthermore, patients with NASH-related cirrhosis
should receive regular surveillance for HCC and varices.
While bariatric surgery can reverse most histological
features of NASH (19), until further evidence the procedure
should only be performed in patients with morbid obesity.

Currently, clinical trials in NASH are often based on
histological response. This is because histological NASH
and fibrosis are associated with liver-related outcomes
in longitudinal studies (20,21). The US Food and Drug
Administration (FDA) and European Medicines Agency
also allow conditional approval of a drug for NASH if
it demonstrates resolution of NASH without worsening
of fibrosis and/or an improvement in fibrosis without
worsening of NASH (18). Since the correlation between
histological improvements and clinical outcomes remains
to be established, current phase 3 trials are required
to continue for 5 years or more to confirm the impact
on clinical outcomes. On the other hand, studies using
histological or clinical endpoints are expensive and take a
long time to conduct. Therefore, early phase studies may
rely on non-invasive surrogate endpoints such as changes
in magnetic resonance imaging-based proton-density fat
fraction (MRI-PDFF) (22).

Obeticholic acid

Bile acids are steroid molecules produced by the liver to
facilitate digestion and absorption of lipids from the gut.
Activation of the bile acid receptors such as the farnesoid
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Table 2 Actions of peroxisome proliferator-activated receptors (PPAR)
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PPAR Distribution Actions

Liver: increase fatty acid oxidation, reduce triglycerides, increase high-density lipoprotein
and reduce small dense low-density lipoprotein

Muscle: increase fatty acid oxidation

Blood vessels: reduce inflammation, increase reverse cholesterol transport

Liver: increase fatty acid storage

Muscle: increase glucose uptake

Adipose tissue: increase adiponectin, reduce tumor necrosis factor-alpha and resistin,
expand adipose tissue mass and fatty acid storage

Blood vessels: reduce inflammation, increase reverse cholesterol transport

PPAR-a Liver, kidney, heart, skeletal
muscle, adipose tissue

PPAR-y v1: extensive distribution; y2:
adipose tissue; y3: adipose tissue,
colon, macrophages

PPAR-B/6  Extensive distribution but

particularly in the brain, adipose
tissue and skin

Adipose tissue: increase fatty acid oxidation and reduce body weight

Muscle: increase fatty acid oxidation

Blood vessels: reduce inflammation

X receptor (FXR) in the gut and liver reduces further
production of bile acids to achieve homeostasis (23).
However, it was soon apparent that bile acid receptors
do more than controlling the bile acid pool; they also
have multiple actions on glucose and lipid metabolism.
In particular, activation of FXR in the gut results in the
secretion of fibroblast growth factor 19 (FGF19, or FGF15
in mice), which in turn activates FGF receptor 4 (FGFR4)
in the liver to increase glycogen synthesis and fatty acid
oxidation. In animal studies, activation of hepatic FXR also
reduces gluconeogenesis (24).

Obeticholic acid is a potent synthetic FXR agonist and
is the first agent entering phase 3 development for NASH.
In the earlier phase 2 FLINT study, obeticholic acid 25 mg
daily met the primary outcome of a >2-point improvement
in the histological NAFLD activity score without worsening
of fibrosis at 72 weeks (45% wvs. 21%) (25). Importantly,
35% of patients taking obeticholic acid had improvement in
liver fibrosis, compared with 19% in the placebo group.

The interim analysis of the phase 3 REGENERATE Study
was completed in February 2019. The study (n=931) met the
primary endpoint of fibrosis improvement by >1 stage without
worsening of NASH in the intention-to-treat population
(23% in the obeticholic acid 25 mg daily group, 18% in
the obeticholic acid 10 mg daily group, and 12% in the
placebo group) (26). In contrast, there was no significant
difference in the proportion of patients achieving NASH
resolution without worsening of fibrosis (12% in the
25 mg group, 11% in the 10 mg group, and 8% in the
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placebo group). Fifty-one percent of patients receiving
obeticholic acid 25 mg daily experienced pruritus (compared
with 19% in the placebo group), and 13% discontinued
treatment because of treatment-emergent adverse events.
Seventeen percent also had increased low-density lipoprotein
(LDL)-cholesterol. Although obeticholic acid mainly
increases the less atherogenic large LDL particles (27),
the long-term cardiovascular safety and tolerability of
obeticholic acid should be carefully monitored. Based on
the positive interim results, obeticholic acid will likely
be the first drug conditionally approved under the FDA’s
subpart H pathway in the United States.

Apart from obeticholic acid, several other FXR
agonists are in phase 1-2 development. The non-steroidal
FXR agonists may cause less pruritus and atherogenic
dyslipidemia, but this notion has to be proven in clinical
studies.

Elafibranor

Peroxisome proliferator-activated receptors (PPAR) are
nuclear receptors with numerous metabolic actions (Tiable 2).
Elafibranor is a dual PPAR-0/8 agonist with beneficial
effects on hepatic and peripheral insulin sensitivity (28). It
also reduces hepatic steatosis, inflammation and fibrosis in
small animals (29). In the phase 2 GOLDEN-505 study,
resolution of NASH without worsening of fibrosis occurred
after 1 year in 19% of patients taking elafibranor 120 mg,
13% of those taking elafibranor 80 mg, and 12% of patients
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in the placebo group (30). Patients on elafibranor had mild
increase in serum creatinine (4 pmol/L over placebo) that
was reversible after treatment cessation. Although the
histological improvement was modest, elafibranor improves
insulin sensitivity and the lipid profile. In the ongoing
phase 3 RESOLVE-IT Study, if elafibranor continues to
show a positive effect on NASH and also demonstrates an
improvement in cardiovascular outcomes, it may still be a
useful drug in this patient population.

A number of other PPAR agonists are already in clinical
use. PPAR-a is the target of fibrates, which are used for
the treatment of hyperglyceridemia and are probably
useful in primary biliary cholangitis. PPAR-y agonists
(thiazolidinedione) are already used in patients with type
2 diabetes. Other than that, PPAR-8 agonists have diverse
effects on adipose tissues and muscles. For example,
seladelpar, a potent and selective PPAR-8 agonist, has been
granted Breakthrough Therapy designation by the FDA for
achieving substantial effect on serum alkaline phosphatase
lowering in a phase 2 study for primary biliary cholangitis.
It also demonstrates effects on NASH and fibrosis in mouse
models (31).

Cenicriviroc

Cenicriviroc is a dual C-C chemokine receptor type 2 and
5 (CCR2/5) inhibitor. It was initially developed for HIV
infection because of the role of CCRS in HIV entry; it also
improves cognitive function in virally suppressed HIV-
infected patients (32). Because CCR2/5 are also involved
in macrophage recruitment, the drug is also evaluated for
fibrotic NASH. In experimental NASH models, cenicriviroc
consistently demonstrates beneficial effects on fibrosis (33).
In the phase 2 CENTAUR Study, cenicriviroc failed the
primary outcome of a 2-point improvement in the NAFLD
activity score and no worsening of fibrosis at year 1 (34).
Nevertheless, it met the key secondary endpoint of fibrosis
improvement without worsening of NASH (20% in the
cenicriviroc group vs. 10% in the placebo group). Only a
small proportion of patients had resolution of NASH and
there was no significant difference between groups (8% in
the cenicriviroc group vs. 6% in the placebo group). The
dissociation between NASH and fibrosis improvement
is puzzling. One possible explanation is that the current
assessment of histological necro-inflammation is crude
and does not distinguish among different inflammatory
cells. Besides, the bar for NASH resolution (no hepatocyte
ballooning and no or mild lobular inflammation) may be too
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high, and it would be difficult to demonstrate a difference
when few patients can achieve this endpoint.

The CENTAUR study is unique in having 2 years
of follow-up with three liver biopsies at yearly intervals.
During the second year, patients on cenicriviroc continued
with the active drug, whereas those on placebo were further
randomized to receive cenicriviroc or placebo (35). There
was no difference in fibrosis improvement at year 2 (26%
among patients who took cenicriviroc and 22% among
those on placebo throughout 2 years). On the other hand,
there was a trend that patients on cenicriviroc for 2 years
were more likely to have a >2-stage improvement in fibrosis
(10% vs. 3% in the placebo group). Furthermore, patients
on cenicriviroc were less likely to have fibrosis progression
during the second year if they had improvement at year 1.
Because of the small numbers in each subgroup and patient
dropout during the second year, the study is inconclusive.
The findings should be confirmed in the ongoing phase
3 AURORA study.

Selonsertib

Selonsertib is an apoptosis signal-regulating kinase 1
(ASK1) inhibitor. ASK1 is upregulated in NASH patients
and correlates with the fibrosis stage. In animal models,
inhibition of ASK1 as well as molecules upstream and
downstream of the pathway improved NASH and hepatic
lipid metabolism (36,37). Despite encouraging results from
a small phase 2 study (38), selonsertib failed to improve
NASH or fibrosis in the phase 3 STELLAR Study (https://
www.gilead.com/news-and-press/press-room/press-
releases/2019/4/gilead-announces-topline-data-from-
phase-3-stellar3-study-of-selonsertib-in-bridging-fibrosis-
£3-due-to-nonalcoholic-steatohepatitis-nash, accessed on 25

April 2019).

Thyroid bormone receptor (THR)-beta agonists

Several decades ago, clinicians have already tried to use
thyroid hormone or its derivatives for weight reduction.
However, induced hyperthyroidism carries too much
toxicity and cannot be recommended. THRs can be
divided into two main subtypes (THR-o and THR-p),
and heart rate is primarily controlled by THR-a (39).
Selective stimulation of THR-B can reduce body weight,
cholesterol and hepatic steatosis (40-42). In two phase
2 studies, resmetirom (MGL-3196) and VK2809 showed
improvement in liver fat by MRI-PDFF, atherogenic
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lipids and liver enzymes (43,44). No significant change in
heart rate or blood pressure was observed, but the long-
term cardiovascular safety should be evaluated. In March
2019, Madrigal Pharmaceuticals announced the initiation
of a phase 3 study to test the use of resmetirom in patients
with fibrotic NASH (https://www.globenewswire.com/
news-release/2019/03/28/1781097/0/en/Madrigal-
Pharmaceuticals-Initiates-Phase-3-Multinational-Double-
Blind-Randomized-Placebo-Controlled-Study-of-MGL-
3196-resmetirom-in-Patients-With-Non-Alcoholic-
Steatohepatitis-NASH.html, accessed on 25 April 2019).

Aramchol

Aramchol is a conjugate of fatty acid and bile acid. It inhibits
steroyl-CoA desaturase-1, a key enzyme converting saturated
fatty acids into monounsaturated fatty acids (45). In the phase
2 ARREST Study, Aramchol at both 400 and 600 mg daily
achieved the primary endpoint of greater absolute liver
fat reduction over placebo by proton-magnetic resonance
spectroscopy at 1 year (46). Although the study was
underpowered for histological assessment, a dose-response
trend towards NASH resolution and fibrosis improvement
was seen. The improvement was consistent with an earlier
study testing Aramchol for 3 months in NAFLD patients in
Israel (47).

Engineered fibroblast growth factors

As discussed above, FGF19 stimulates FGFR4 in the liver
and induces a variety of metabolic effects. NGM282, an
engineered FGF19 analog, reduced liver fat by MRI-
PDFF in a 12-week phase 2 study (48). A proportion of
74-79% of patients receiving NGM282 had a >5% absolute
reduction in liver fat content. In another study of 43
patients, NGM282 at 1 mg and 3 mg daily led to a >2-point
improvement in NAFLD activity score without worsening
of fibrosis in 50% and 63%, and fibrosis improvement
without worsening of NASH in 25% and 42%, respectively,
though the study using histological endpoints did not
include a control group (43). Probably through a similar
mechanism as FXR agonists, NGM282 also increases
total and LDL-cholesterol, but the dyslipidemia is readily
controlled with statin (49).

FGF21 is produced by the liver, adipose tissue and
pancreas and has effects on food intake, insulin sensitivity,
browning of adipose tissue and energy expenditure (50).
Pegbelfermin (BMS-986036), a pegylated FGF21 analog,
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showed significant reduction in liver fat by MRI-PDFF
(absolute liver fat -6.8% in patients receiving pegbelfermin
10 mg daily, -5.2% in those receiving pegbelfermin 20 mg
weekly, and -1.3% in those receiving placebo) in a 16-week
phase 2 study (51).

FGF family members have broad mitogenic activities.
While both NGM282 and pegbelfermin are non-mitogenic
analogs of FGFs, future studies should evaluate their long-
term safety. The need for subcutaneous injections may also
affect treatment uptake and adherence.

Acetyl-CoA carboxylase (ACC) inhibitors

ACC is a key enzyme in hepatic de novo lipogenesis (52).
Suppression of ACC prevents the conversion of acetyl-
CoA into malonyl-CoA. In the mitochondria, suppression
the production of malonyl-CoA also activates carnitine
palmitoyl-transferase I and thus enhances fatty acid
oxidation. In short-term studies in patients with NASH,
GS-0976, an ACC inhibitor, reduces liver fat content
by MRI-PDFF and fibrosis markers (53,54). One
consistent metabolic side effect of ACC inhibition is
hypertriglyceridemia, presumably secondary to the
reduction in polyunsaturated fatty acids and the resultant
upregulation of sterol regulatory element-binding protein 1.
In both animal and human studies, the hypertriglyceridemia
is readily controlled with fibrates (55).

Interestingly, because intracellular fat is conducive
to cancer development, ACC inhibitors appear to
suppress HCC and some other cancers in cell and animal
experiments (56,57). As HCC and extrahepatic cancers are
important causes of death in NASH patients, the clinical
significance of these preclinical observation warrants further
evaluation.

ALD

AH is a unique syndrome, which presents features of acute
and chronic liver failure and has a potential of high short-
term mortality of about as high as up to 40% within a
month from its clinical presentation (58-60). As alluded to
earlier, the current pharmacological treatment for severe
AH is suboptimal and only 2-3% of the pool of patients
with severe AH are eligible for early liver transplantation
(61,62). Further, corticosteroids the only available current
treatment option for severe AH provides limited survival
benefit for short-term period of one month and beyond that
underlying cirrhosis status and patient behavior in regards
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to alcohol consumption determine the long-term outcome
(9,63). Clearly, there is a need for newer therapeutic targets
for management of patients with severe AH, and we will
discuss these in this section.

Liver injury from alcohol is due to indirect effects
of alcohol on the intestinal microbiome and mucosal
permeability translocation bacterial endotoxin (“gut-
liver axis”) (64), and direct effects of alcohol through
its metabolite acetaldehyde. Both these effects result
in inflammatory signaling with cytokine cascade via
activation of toll-like receptor 4 (TLR-4) on the hepatic
macrophages, resulting in necro-apoptosis of hepatocytes
and macrophages with consequent oxidative stress and
generation of reactive oxygen species. Further, the end
result of the initiated pathophysiology depends upon the
ability of the liver to regenerate and regain mitochondrial
health. Cross talk between hepatocytes, macrophages, and
stellate cells with changes in nitric oxide in the hepatic
microcirculation from inflammatory signaling leads to
laying down of collagen and liver fibrosis with portal
hypertension.

Many therapeutic targets are actively undergoing
clinical trials in the US within the NIAAA funded consortia
and in Europe. These targets will be reviewed in four
different sections including (I) gut-Liver axis; (II) hepatic
inflammation; (III) oxidative stress; and (IV) hepatic
regeneration (Table 3) (58,59,65).

Targeting gut-liver axis

Bacterial lipopolysaccharide (LPS) and endotoxin
translocate across the intestinal mucosa to initiate the
inflammatory cascade via activation of TLR-4 on hepatic
macrophages. Purified hyper immune bovine colostrum
(IMM-124E) contains antibodies to neutralize the LPS, and
has been studied in a phase 2 randomized clinical trial in
combination with corticosteroids on 56 patients with severe
AH (MELD score 20-28). The drug is administered orally
in a powder form in a dose of 2400 mg/d in two divided
doses, with the primary endpoint of the serum LPS levels.
Other pathophysiological changes in the gut in subjects
with AH include bacterial overgrowth, alteration in
the microbiome with increase of harmful bacteria such
as Actinobacteria and Firmicutes, along with decrease in
beneficial ones like Bacteroides (66). These changes along
with inflammatory cytokine cascade activation increase
risk of infections in patients with AH, especially those
with high bacterial DNA load undergoing treatment
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with corticosteroids (67,68). Currently, two phase
2 randomized clinical trials are ongoing, one within the
NIAAA consortium using probiotic Lactobacillus rhamnosus
GG among moderate AH patients (MELD score 11-20),
with primary endpoint of change in the MELD score
(NCTO01922895), and another one from Lille France using
antibiotic, Augmentin (amoxicillin plus clavulanic acid)
in combination with corticosteroids among severe AH
patients (NCT02281929). Both these trials are expected to
be completed this year and results are awaited regarding the
benefit in the treatment of AH patients.

Like in many other diseases, fecal matter transplantation
from healthy donors has been studied as a treatment option
for AH patients. In one study, eight severe AH steroid
ineligible males, fecal matter transplantation reduced disease
severity, liver disease complications, and patient mortality
compared to 18 matched patients receiving standard of care
for severe AH (69). Larger studies from India are ongoing
to further examine the efficacy and safety of this approach
against standard of care in the treatment of severe AH
(NCT03091010, NCT 02458079, NCT03827772).

Targeting inflaimmation

Once the TLR-4 receptors are activated in the pathology
of AH, further inflammatory signaling is primarily
mediated by interleukin-1 (IL-1) (70). Based on the
efficacy in rheumatoid arthritis (71,72), IL-1 receptor
antagonist (anakinra) evaluated 103 severe AH patients
in a phase 2 randomized clinical trial within the NTAAA
consortium. The active arm included 53 patients treated
with IL-1RA given as subcutaneous injection combined
with oral administration of zinc and pentoxifylline, and
is being compared to 50 corticosteroid therapy with
methylprednisolone 32 mg IV (NCT01809132). The results
showed similar survival at 30 days, but trend for improved
survival at 3 and 6 months (69.7% vs. 55.2%, P=0.28 and
66.8% vs. 52.8%, P=0.26 respectively). MELD was the best
predictor of survival, with significantly improved survival
among patients with MELD 21-25 compared to 26-31.
FXR, nuclear receptors expressed in the liver and small
bowel mucosa, regulate lipid and bile acid metabolism (73),
and provide anti-inflammatory hepato-protective effects,
and decrease nitric oxide levels in microvasculature of the
liver with consequent improvement in portal hypertension
(74,75). A phase 2 placebo controlled randomized clinical
trial (NCT02039219) using an FXR agonist obeticholic acid

in a dose of 10 mg daily for six weeks has been completed in
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patients with moderate AH (MELD score 12-19). Results
of this study are awaited.

Caspases and apoptosis signal regulating kinase-1
9ASK-1) enzymes mediate inflammation and apoptosis or
necrosis (76). Emricasan, a pan caspase inhibitor was
evaluated in a clinical trial in the NIAAA consortium
on five patients with severe AH, however, the trial was
terminated prematurely due to poor pharmacokinetic data
and excessively high blood levels of the caspase inhibitory
compound. Phase 1 dose finding studies are needed before
considering further clinical trials with this drug or consider
changing the study population to moderate AH (77).

Selonsertib (GS-4997), an oral inhibitor of ASK-1 has
been evaluated in a phase 2 clinical trial as an adjuvant
therapy to prednisolone among 102 (99 biopsy confirmed)
severe AH patients (mDF 32-60 or MELD >29). Comparing
48 treated patients to 51 receiving placebo, there was no
mortality benefit at 28 days (4.3% wvs. 4%, P=0.99). There
was so difference on Lille response and infection rates
(77.1% wvs. 86.3%, P=0.30 and 33.3% vs. 25.5%, P=0.25
respectively). In fact, mortality at two months tended to
be higher with adjuvant selonsertib vs. prednisolone alone
(20.5% vs. 6.1%, P=0.061).

Extracorporeal liver assist device (ELAD) using
hepatoblastoma C3A cells provides anti-inflammatory
effects. However, a randomized placebo-controlled trial on
203 severe AH patients (96 in ELAD arm) failed to show
survival benefit (78).

Targeting bepatic regeneration

Liver has remarkable regenerative capacity, and the
capacity of liver to regenerate in severe AH is a predictor
and biomarker for disease severity, responsiveness to
corticosteroids, and patient survival (79). IL-22 of anti-
inflammatory IL-10 family released from peripheral
immune cells is a major cytokine to mediate regeneration
and provide hepatoprotection via its antioxidant,
antimicrobial, and anti-fibrotic properties (80,81). Hepatic
regeneration is also promoted by neutrophils infiltrating the
hepatic parenchyma (82,83), and the liver progenitor cells/
bone marrow derived stem cells (84).

Recently, an open label clinical trial (NCT02655510)
using recombinant IL-22 protein (F652) on 24 moderately
severe AH patients (MELD score 11-28) showed good
safety profile and determined the dose for proposed
randomized placebo controlled study. The primary aim
of this study will be 90-day survival among moderate AH

© Translational Gastroenterology and Hepatology. All rights reserved.
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patients (MELD score 11-20).

Growth factors such as granulocyte colony stimulating
factor (G-CSF) has shown beneficial effects in randomized
controlled clinical trials mainly from Asian continent,
with increase in CD34 positive hematopoietic stem cells
in the liver parenchyma, increase in neutrophil blood
count, improvement in MELD score, reduced risk of
infections and sepsis, and improved overall survival (85-87).
Randomized controlled trials from the West are needed.

Targeting oxidative stress

Oxidative stress and generation of reactive oxygen species
is multifactorial process in patients with AH (88). However,
antioxidants in general have not shown survival benefit in
AH patients (89). Largest randomized placebo controlled
clinical trial with N-acetylcysteine (NAC) on 174 patients
with severe AH, NAC infusion as an adjuvant therapy to
corticosteroids tended to improve short-term mortality
at one month, without any survival benefit in long-term
at six months. There were reduced risks for infections
and hepatorenal syndrome in the treatment arm however,
compared to placebo treated patients (90). NAC also failed
to show any survival benefit when used as add on therapy to
G-CSF (91). Metadoxine, an antioxidant has shown some
benefit at three and at six months when used as adjuvant
to corticosteroids or to pentoxifylline (92). This agent also
has some properties to reduce alcohol craving and improve
abstinence rates. Whether this effect or the antioxidant
effect is useful in the clinical practice is not clearly known.
It remains to be seen whether mitochondrial targeted
antioxidants like mitoquinone will have better efficacy in
the treatment of AH.

Summary

NAFLD and ALD are two front line commonest liver
diseases in the world, especially since the introduction of
highly effective and safe direct acting antiviral therapy for
hepatitis C virus infection. Currently, there are no FDA
approved medical therapies for both these diseases, and the
current standard of care is only limited to control of the risk
factor, i.e. weight loss with metabolic risk factors control for
NAFLD and alcohol abstinence for AH. The field is ripe
with many new targets actively being studied as basis for
FDA approval for the respective diseases. Given similarities
in the pathogenesis between the two diseases, many
pharmacological therapies are being studied in both the
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diseases such as obeticholic acid, IgG to LPS, probiotics,
selonsertib, ASK-1 inhibitor, and anti-inflammatory drug
cenicriviroc. Although, role of combination therapy has
been recognized in NAFLD, with pharmaceutical industries
initiating drug trials using combination therapy, whether
the similar approach would also be needed for AH will be
seen with test of time. Nevertheless, there is light at the end
of tunnel with many potential pharmacological therapies in
pipeline which could be FDA approved in the near future
for the treatment of NAFLD or AH.
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