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A

lcohol-associated liver disease (ALD) encompasses a
variable presentation, such as steatosis or fatty liver
disease, alcohol-associated hepatitis (AH), alcoholassociated cirrhosis (ALC), and acute on chronic liver failure (ACLF).1 These ALD spectrums can present in isolation
or can overlap. Severe alcohol-associated hepatitis (sAH) is
one of the most severe manifestations of ALD, with high
mortality, morbidity, and a dismal short-term prognosis.2–4 In recent years, AH-related hospitalizations have
signiﬁcantly increased, resulting in higher healthcare
resource utilization and ﬁnancial burden across the United
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States.5 There has been a concurrent increase in the
amount of alcohol consumption along with early-age access to alcohol use among teenagers.6–8 Additionally,
stressful times such as the SARS-CoV-2 pandemic led to
an even higher alcohol consumption rate. It is noteworthy
to mention that a recent national survey of 6000 individuals demonstrated a 41% increase in heavy alcohol consumption during the pandemic.9 The diagnosis of AH is
made based on multiple factors such as a history of significant alcohol consumption, clinical features of ALD, laboratory ﬁndings, and history whenever deemed necessary.
Key histologic features to establish the diagnosis include
macrovesicular steatosis, fatty metamorphosis of the hepatocytes, neutrophilic inﬁltration of the hepatic parenchyma, cholestasis, and Mallory-Denk bodies, and
perivenular and pericellular ﬁbrosis mimicking “chicken
wire appearance”. The clinical criteria for AH diagnosis
proposed by the NIH–sponsored consensus meeting of
the investigators7 include chronic heavy alcohol consumption for >6 months, a serum bilirubin level >3 mg/dL,
elevated aminotransferases with aspartate aminotransferase to alanine aminotransferase > 1.5:1 ratio, with both enzymes level not exceeding 500 IU/L. In patients meeting the
clinical criteria, a diagnosis of probable AH can be established without the need for a histological conﬁrmation
through liver biopsy. When confounders are present, a liver
biopsy is required to establish the AH diagnosis.2,3 AH can
be further classiﬁed as mild or severe based on wellvalidated scoring systems such as modiﬁed Maddrey's
discriminant function (MDF) and model for end-stage disease (MELD) scores.10,11 In mild AH cases, the prognosis is
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The incidence of alcoholic-associated hepatitis (AH) is increasing. The treatment options for severe AH (sAH) are
scarce and limited to corticosteroid therapy which showed limited mortality beneﬁt in short-term use only.
Therefore, there is a dire need for developing safe and effective therapies for patients with sAH and to improve
their high mortality rates.
This review article focuses on the current novel therapeutics targeting various mechanisms in the pathogenesis
of alcohol-related hepatitis. Anti-inﬂammatory agents such as IL-1 inhibitor, Pan-caspase inhibitor, Apoptosis
signal-regulating kinase-1, and CCL2 inhibitors are under investigation. Other group of agents include gutliver axis modulators, hepatic regeneration, antioxidants, and Epigenic modulators. We describe the ongoing
clinical trials of some of the new agents for alcohol-related hepatitis. Conclusion: A combination of therapies
was investigated, possibly providing a synergistic effect of drugs with different mechanisms. Multiple clinical trials of novel therapies in AH remain ongoing. Their result could potentially make a difference in the clinical
course of the disease. DUR-928 and granulocyte colony-stimulating factor had promising results and further trials are ongoing to evaluate their efﬁcacy in the large patient sample. ( J CLIN EXP HEPATOL xxxx;xxx:xxx)
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favorable with alcohol abstinence. However, severe AH
(deﬁned as MDF $32, or MELD score $20) is associated
with high 30-day mortality.1 The management of AH is
focused on alcohol abstinence and nutritional support.7
Therapeutic options for AH have been scarce for the past
few decades and it is primarily limited to supportive care
and corticosteroid therapy for a selected subset of patients.12 In randomized controlled trials and metaanalysis, only a short-term mortality (28 days) beneﬁt
was demonstrated in the corticosteroid therapy receiving
arm for patients diagnosed with sAH13,14 A number of patients with sAH encounter contraindications to the administration of corticosteroid therapy such as gastrointestinal
bleeding, acute pancreatitis, infections, and acute renal
failure. Moreover, patients who are non-responders to
corticosteroid therapy (deﬁned as Lille score >0.45 at day
7) are currently offered supportive care. Early referral for
liver transplantation for sAH showed signiﬁcant survival
beneﬁts; 15–17 however, there is a universal donor organs
shortage compared to demand and only a limited number of sAH patients qualify for liver transplantation.17,18
As a result, identifying novel therapeutic targets for AH
is critical.19

PATHOPHYSIOLOGY OF AH
---

The pathophysiology of ALD is complex and not well understood. Several factors and different pathways may play
a pivotal role in the development of ALD and AH. Heavy
alcohol consumption can result in hepatic steatosis by
the upregulation of fatty acid synthesis and downregulation of fatty acid oxidation.20 Alcohol and its toxic metabolites such as acetaldehyde can exert direct toxic effects on
the hepatic parenchyma and subsequent oxidative stress.21
Additionally, alcohol use can alter the integrity of the
microbiome-gut axis leading to increased gut permeability
which allows for bacterial lipopolysaccharide (LPS) translocation.22,23 Toll-like 4 receptors (TL4R) on the hepatocytes
can recognize LPS leading to the activation of an inﬂammatory cascade and recruitment of inﬂammatory cytokines resulting in apoptosis, necrosis, and hepatic stellate cell
(HSC) activation.24,25 The end results are steatosis, collagen
production, ﬁbrosis, and ultimately cirrhosis.
Therapies targeting those pathways can be classiﬁed into
5 main categories: (1) anti-inﬂammatory agents, (2) gut-liver
axis modulators, (3) antioxidants, (4) anti-regenerative
agents, and (5) epigenetic modulators (Figure 1). The current
novel therapeutic agents are summarized in Table 1.

Anti-Inﬂammatory Agents

Figure 1 Categories of novel agents in therapeutics of alcoholassociated hepatitis.

Alcohol consumption induces inﬂammation in the hepatocytes through both innate and adaptive immune systems.26,27 Increased gut permeability leads to a higher
LPS concentration in the portal venous system which activates Kupffer cells via TLR-4 and nucleotide-like receptors

signaling pathways, leading to the recruitment of proinﬂammatory cytokines such as interleukins 1 and 12 (IL1 and IL-12) and tumor necrosis factor (TNF-a).28,29 Additionally, Chemokines such as C-X-C Motif Chemokine
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Table 1 Summary of Trials Examining Novel Therapeutics in Alcohol-Associated Hepatitis.
Agent

Agent Pharmacology

Trial Design

1⁰ Endpoint

Main Inclusion
Criteria

Status

NCT01968382

Bovine colostrum
(IMM-124E)

IgG against LPS

Placebo-controlled RCT

Reeducation endotoxin
concertation

MELD range (20–28)

Phase 2, completed

NCT02473341

Bovine Colostrum

decrease the level of
Endotoxemia and LPS

RCT, Bovine Colostrum Vs.
Placebo

3 months survival
beneﬁts

MDF>32

Phase 3, recruiting

NCT02116556

Rifaximin

Antibiotic

Open-label

Rate of bacterial
infection

MDF>32 or
MELD>20

Phase 2, completed

NCT01922895

Lactobacillus

intestinal dysbiosis

Placebo-controlled RCT

D MELD at 30 days

MELD less than 21

Terminated (Lack of
funding)

NCT04072822

Anakinra

IL-1 blockade

RCT
Anakinra + Zinc vs
corticosteroids

90 days survival

MELD range (20–35)

Phase 2

NCT01809132

Anakinra,
Pentoxifylline, and Zinc

IL-1 and other cytokine
blockade

RCT Anakinra,
Pentoxifylline + Zinc vs
corticosteroid

6-month mortality

MELD$20

Phase 3, completed

NCT05285592

Fecal microbiota
transplant

intestinal microbiota
dysbiosis

RCT
Fecal microbiota transplant
vs SMT

3 months survival

MELD$20

Not yet recruiting.

NCT03775109

Canakinumab

IL-1b monoclonal
antibody

RCT

Histologic improvement
of biopsy at 28 days

MDF$32
MELD<27

Phase 2 Active, not
recruiting

NCT01912404

Emricasan

Pan-caspase inhibitor

RCT

Survival at 28 days

MELD 21-34

Phase 2, terminated

NCT02854631

Selonsertib,
GS-4997

ASK-1 inhibitor

RCT
Selonsertib + Corticosteroid
vs corticosteroids alone

Safety at 28 days

MDF>32

Phase 2, completed

NCT04563026

DUR-928

Sulfated oxysterol

Double-blind, RCT

90 days mortality

MELD 21-30

Phase 2, recruiting

NCT01471028

ELAD

Extracorporeal
hepatic cell support

RCT

90 days survival

MDF$32

Phase 3, terminated

NCT05018481

HA35

Normalized TLR-4
signaling

RCT HA35 vs Placebo

Change of skeletal
muscle mass

MDF<21

Phase 1, not yet
recruiting

NCT00863785

NAC

Antioxidant

RCT
NAC plus corticosteroids vs
corticosteroids alone

6-month survival

MDF$32

Phase 3, completed

NCT02161653

Metadoxine

Antioxidant

RCT Metadoxine vs CS

3- and 6-month survival

MDF$32

Phase 4, completed

NCT02655510

IL-22 infusion

Liver cell repair, antiapoptotic, anti-inﬂammatory

Open-label

Serious adverse events
at day 42

MELD 11-28

Phase 2, completed

NCT02442180

G-CSF

Hepatic progenitor

RCT
G-CSF + steroids vs steroids
vs G-CSF

2-month survival

MDF$32

Phase 3, recruiting
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RCT, randomized controlled trial; CS, corticosteroid; MDF, Maddrey's discriminant function; MELD, model for end-stage liver disease; SOFA, sequential organ failure assessment. SMT, Standard
Medical Therapy; HA35, Hyaluronic acid 35; G-CSF, Granulocyte colony-stimulating factor; NAC, N-acetylcysteine; ASK-1, Apoptosis signal-regulating kinase; LPS, Lipopolysaccharides, TLR, Toll-like
receptor; ELAD, Extracorporeal liver assist device; IgG, immunoglobulin G.
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Ligand 5 (CXCL5), C–C chemokine ligand type 2 (CCL2),
interleukin- 8 (IL-8), and platelet factor 4 are also activated
in AH and they play a pivotal role in leukocytes recruitment.30,31 This inﬂammatory reaction exacerbates hepatic
steatosis as demonstrated in multiple studies, showing
LPS serum concentration was associated with a more severe
ALD stage.32,33 In addition, it has been published that
CCL2 level correlates with AH severity, ﬁbrosis, and portal
hypertension.34 Moreover, adaptive immunity plays a role
in AH. The stimulation of natural killer T and T lymphocytes cells enhances the immunological response against
hepatocytes with the activation of the TNF receptor 1
signaling pathway.35,36 HSCs enhance ﬁbroblast and extracellular matrix formation through the stimulation of cytokine release such as TNF-a, IL-1 IL-8, and CCL2.36,37 The
promotion of hepatic inﬂammation leads to apoptosis or
hepatic necrosis and dysregulation of mitochondrial function.38

IL-1 Inhibitor Agents

---

IL-1 cytokine is involved in the activation of the inﬂammatory cascade as mentioned earlier. Antagonizing IL-1 receptor is a potential therapeutic target for sAH as shown in
animal models with AH. The inhibition of IL-1 in mice
improved hepatocyte inﬂammation resulting in hepatic
regeneration.39,40
Anakinra is a recombinant IL-1 receptor antagonist,
currently approved for administration in autoimmune
conditions. In a multicenter, double-blinded randomized
controlled trial (RCT), the combination of anakinra
(100 mg daily subcutaneously for 14 days) with Pentoxifylline (400 mg orally three times per day for 28 days) plus
zinc (220 mg orally daily for 180 days) in patients identiﬁed
with sAH (deﬁned as MELD >20 or MDF > 32) was
compared to methylprednisolone (32 mg orally for 28
days). Patients with sepsis, gastrointestinal bleeding, acute
renal injury (deﬁned as creatinine >3.0 mg/dL), or recent
immunosuppressive medication use were excluded. This
study revealed a similar 30-day survival beneﬁt of the treatment arm when compared to the corticosteroids arm.
Despite the overall trend of higher survival beneﬁt in the
treatment arm (86.8% vs 82.0%, 69.8% vs 58.0%, 67.9% vs
56%) at 28 days, 90 days, and 180 days, respectively; there
was no statistical signiﬁcance (P = 0.30).41 Currently, a
multicenter RCT (NCT04072822) is recruiting subjects
to evaluate the 90-days survival beneﬁt in patients with
sAH deﬁned as a MELD score of 20–35, using a combination of Anakinra with Zinc compared to standard therapy
with corticosteroid alone.
Canakinumab is a human monoclonal antibody that
mitigates the activity of IL-1b by preventing its interaction
with the IL-1 receptor and hence suppresses the inﬂammatory cascade.42,43 In the United Kingdom, the recruitment
process has been initiated in a randomized placebocontrolled trial to assess histologic improvement after 28
4
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days of treatment with canakinumab in patients with
sAH (MDF $ 32 and MELD < 27) (NCT03775109). However, safety concerns have been raised as the previous large
CANTOS (Canakinumab Anti-Inﬂammatory Thrombosis
Outcomes) study proved a higher infection rate in canakinumab-treated patients.44

Pan-Caspase Inhibitors
Caspases are a family of cysteine proteases that induces cell
death, apoptosis, and hepatic inﬂammation with resulting
ﬁbrosis. Using caspase inhibitors in mice with NASH revealed promising effects on reducing hepatic ﬁbrosis
scoring and improvement in portal hypertension.45,46 Emricasan is an oral caspase inhibitor that has previously
demonstrated some improvement in aminotransferases
in patients with NASH.47 A RCT evaluated the use of Emricasan among patients with cirrhosis (MELD score of 11–
18) showed improvement in Child-Pugh and MELD scores
at 3 months among patients with MELD scores $15. However, the study included patients with cirrhosis secondary
to another cause and not limited to ALC. In addition,
more stable patients with lower MELD scores were recruited. There was a minimal improvement in the MELD
score for patients with ALD in this study.48 A randomized
controlled placebo study (ENFORCE-PH trial (NCT029
60204) of Emricasan administered for 24 weeks failed to
achieve the primary endpoint of the hepatic venous pressure gradient improvement when compared to placebo in
NASH-related cirrhosis.49
Another randomized placebo-controlled phase 2 trial
(NCT01912404) evaluated the use of Emricasan in patients
with sAH (MELD 21–34); however, this study was terminated prematurely after the recruitment of only 5 subjects
secondary to safety issues as elevated serum drug levels
were found. A randomized placebo-controlled (ENCORENF) trial (NCT02686762) using Emricasan 50 mg, 5 mg,
or placebo was given for 72 months and indicated no
improvement in the histological ﬁbrosis stage on liver biopsy. In fact, Emricasan may have worsened ballooning
and ﬁbrosis and the authors hypothesized that the use of
Emricasan directed hepatocytes to an alternative mechanism for cell death.50

Apoptosis Signal-Regulating Kinase-1 Inhibitor
Apoptosis signal-regulating kinase-1 (ASK-1) is a ubiquitous kinase protein that is activated by pro-inﬂammatory
LPS and cytokines in the hepatocytes.51 When activated,
ASK-1 activates mitogen-activated kinase (MAPK) and cJun N-terminal kinase, both of which lead to inﬂammation, apoptosis, and ﬁbrosis.52 Pre-clinical data indicated
ASK-1 inhibition led to the improvement of inﬂammatory
reactions, apoptosis, and steatohepatitis. Selonsertib, GS4997 is an oral ASK-1 inhibitor that was evaluated in randomized clinical trials among 102 patients with AH
(MDF $ 32) compared with prednisolone alone. Selon-
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Small Speciﬁc-Sized Hyaluronic Acid 35KD
Chronic alcohol consumption increases TLR-4 stimulation
and subsequently sensitization of Kupffer cells. This process contributes to the continued state of chronic inﬂammation.54 A recent animal study revealed that hyaluronic
acid 35KD normalized the TLR-4-mediated signaling in
rats after ethanol exposure.55 An ongoing phase one, randomized, interventional clinical trial (NCT05018481) is assessing the effectiveness of hyaluronic acid 35KD taken
once a day for 90 days in patients with AH and MELD <21.

CCL2 Inhibitor
ALD-induced inﬂammation is associated with an increase
in the chemokines which serves to recruit peripheral T
cell and macrophages. Cenicriviroc is a C–C chemokine receptor type 2 and 5 (CCR2 and CCR5) oral dual inhibitor
and has been explored as a potential therapy for AH.
When given to alcohol-fed mice, lower levels of macrophages, reduction in T cells and reduction in cell death,
and steatosis were observed.56 C–C chemokine ligand type
5 (CCL5) and type 2 (CCL2) have been extensively studied
chemokines in liver injury and play a key role in monocyte,
macrophage, and T cells recruitment via their receptor
CCR2. Both chemokines are found to be unregulated in
AH and they also play a role in hepatic steatosis.57 Moreover, CCL2 deﬁcient mice have been shown to downregulate cytokines and reduce oxygen-free radical formation
with inhibition of oxidative stress.37

PCSK-9
Alirocumab is a monoclonal antibody that targets serine
protease (PCSK-9) that usually plays an important role in
low-density lipoprotein cholesterol metabolism in the liver
is administered in a pre-clinical study.58 Alirocumab is
FDA approved for the treatment of familial hypercholesterolemia in selected patients. This medication was found
to downregulate the mRNA expression that is responsible
for pro-inﬂammatory cytokine production, thus reducing
hepatocytes’ inﬂammation and steatosis. It also alters fatty
acid synthesis by changing the mRNA expression as it has
been published in the rat model.59

CytoSorbÒ
CytoSorbÒ is a cytokine hemoperfusion adsorbent device
authorized by the FDA for emergency treatment in SARSCoV-2.60 A new prospective, multicentric, propensitymatched, controlled case–control study will recruit subjects
with ACLF grade $2 due to sAH to receive steroid plus CytoSorbÒ 300 mL device (NCT05131230).

Epigenetic Modulators
DUR-928 is an endogenous sulfated oxysterol molecule
that modulates inﬂammatory signaling, hepatic regenera-

tion, and cell survival. An open-label multicenter trial
enrolled patients with AH who received an intravenous
infusion of the compound on day 1 and day 4. DUR-928
was well tolerated by all study subjects; the results were
promising as an overall 89% response rate (deﬁned as Lille
score <0.45) along with a reduction in serum bilirubin at
day 28 were observed.61 Currently, a phase 2b randomized,
multicenter, placebo-controlled trial (NCT04563026) is recruiting subjects with AH. The primary outcome of the
study is 90-day mortality, and the secondary outcome is
28-day mortality, with Lille score on day 7, and MELD
scores on day 28.

Agents that Modulate the Gut-Liver Axis
The integrity of the gut mucosa is regulated by several
components, namely: the apical protective layers, tight
junctions in between epitheliums, and gut immune cells
with abundant microbiome interactions.62 Alcohol disrupts the gut permeability through direct acetaldehydeinduced toxic effects on the epithelium, reducing the
expression of vital proteins involved in tight junction formation. Moreover, alcohol increases the expression of the
circadian clock proteins (such as CLOCK and PER2) and
reduces short-chain fatty acids resulting in intestinal hyperpermeability.63,64 On the other hand, alcohol consumption induces gut dysbiosis with an imbalance between proinﬂammatory and anti-inﬂammatory ﬂora organisms such
as lactobacillus leading to bacterial translocation with the
resulting PAMPs activation.65,66 This process leads to the
activation of cytokines and recruitment of inﬂammatory
cells and activation of HSCs.25 Thus, multiple clinical trials
are ongoing to identify potential therapies targeting the
gut microbiota.

Antibiotics
Chronic alcohol consumption induces alteration of the
gut microbiome resulting in profound intestinal dysbiosis
and increasing pro-inﬂammatory bacteria such as Actinobacteria.68 In addition, the increase in gut permeability
with bacterial translocation alters the immune reactions
with subsequent hepatic injury.67,68 Hence antibiotics are
a therapeutic target of special interest since patients with
AH not only are susceptible to infections owing to their
immunocompromised state but also the use of corticosteroids in AH carries an independent infection risk.69,70 Rifaximin, a derivative of Rifamycin has a wide coverage for
intestinal bacteria. It has been published that an improvement in hepatic ﬁbrosis, portal hypertension, and spontaneous bacterial peritonitis has been noted. Moreover,
Rifaximin showed a survival beneﬁt in patients with
ALC.71,72 A Danish study that compared Rifaximin with
the standard of care revealed a trend toward a decrease in
mortality rate in the Rifaximin group which was not statistically signiﬁcant.73 The current status of two Rifaximin
trials contacted in South Korea and Spain is still pending
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sertib failed to demonstrate any survival beneﬁt compared
to prednisolone.53
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(NCT02485106, NCT02116556). Augmentin (AmoxicillinClavulanic acid) has, also, been studied; a large multicenter
double-blinded RCT is evaluating the survival beneﬁts of
combining Augmentin + prednisolone in patients with
sAH (deﬁned as MELD > 20) (NTC 02281929).

Probiotic-Lactobacillus

---

As previously discussed, alcohol consumption is well
known to induce changes in gut microbiota including bacterial overgrowth and dysbiosis. This process, in addition to
intestinal mucosa damage and increased permeability,
leads to an increase of bacterial byproducts such as endotoxin (most importantly LPS) in the portal circulation.21
Several animal studies have demonstrated the protective effects of probiotics after alcohol exposure acutely or chronically.74 Stadlbauer et al. showed signiﬁcantly lower IL-10
and TLR-4 expression in patients with ALC who received
probiotics (Lactobacillus casei Shirota) vs the control group.75
In a randomized clinical trial, Han et al. compared the efﬁcacy of cultured Lactobacillus/Streptococcus with placebo in
117 patients with AH. The treatment arm displayed lower
LPS serum level and restoration of bowel ﬂora. The results
of this study displayed an improvement in short-term outcomes (7 days) using probiotics, though it is imperative to
mention that most patients enrolled were identiﬁed with
mild AH.76 The Lactobacillus rhamnosus GG trial was terminated in the United States due to a lack of funding
(NTC01922895). There is an ongoing clinical trial in South
Korea evaluating the efﬁcacy of Lactobacillus rhamnosus on
liver enzymes and cytotoxins levels in 140 subjects with
AH (NCT02335632).

Bovine Colostrum (IMM-124E)
Bovine colostrum are molecules rich in immunoglobulin G
(IgG) and additional proteins with anti-microbial properties that have been shown to bind LPS and decrease endotoxemia.77 An open-label-controlled trial enrolled 25
patients with sAH (deﬁned as MDF $ 54). An improvement in MDF score in the bovine + steroids combination
group compared to the placebo group at 8 weeks with a
survival rate approaching 90% at 1 month was found.78
Further study with a phase 2 randomized trial of bovine
colostrum IM124-E enrolled 57 subjects with sAH (MELD
20–28) and results are pending (NCT01968382). Finally,
the (BASH) trial is a phase 3 RCT, currently recruiting patients with sAH (MDF > 32) to assess the survival rate at 3
months (NCT02473341).

Zinc
Zinc is a vital mineral that plays a role in gut mucosal integrity with tight junction regulation properties.79 Alcoholinduced zinc deﬁciency leads to disruption of the gut permeability and activates inﬂammatory cascades, apoptosis, and
oxidative stress.80 Few studies evaluated the efﬁcacy of zinc
when used in combination with other agents. A multicenter
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RCT that enrolled 103 patients with sAH (MDF > 32)
compared the use of a combination (zinc daily for 180
days, IL-1 receptor antagonist (Anakinra) for 14 days, and
pentoxifylline for 28 days, to Methylprednisone given for
28 days. The study showed no signiﬁcant difference between
the two arms.41 Another multicenter, randomized, placebo
trial (NCT04072822) currently recruiting subjects are evaluating the 90-day mortality of AH (MELD 20–35) with the use
of prednisone, Anakinra plus zinc vs prednisone alone.

Fecal Microbiota Transplant
In recent years, fecal microbiota transplant (FMT) administration has been studied in multiple disorders including
Clostridium difﬁcile colitis, hepatic encephalopathy, and
metabolic-associated fatty liver disease. Repopulation of
healthy intestinal microbiota by FMT might provide additional beneﬁts in patients with AH.81 The initial small pilot
trial was conducted on 7 subjects deemed as steroidineligible. These patients received FMT for 7 days. The results of this study were promising with a decrease in
mean bilirubin from 20.5 to 2.86 (P < 0.001), a decrease in
the MELD score from 33.6 to 13.7 (P < 0.001), and an increase in the overall survival of 87% in the FMT group vs
33.3% in the control group (P < 0.018) were noted. Moreover, the level of Actinobacteria and Proteobacteria abundance was decreased after FMT.82 In the study published
by Phillips et all, 51 patients with sAH were enrolled of
whom 16 patients received FMT, 8 patients were treated
with corticosteroids, 17 with nutritional support, and 10
with pentoxifylline. The result demonstrated statistically
signiﬁcant lower mortality at 3 months (3-month survival
was 75%, 38%, 29%, and 30%, respectively, P = 0.036).83
Two trials in India are being conducted to evaluate survival
and biochemical markers in FMT (NCT03091010, NCT0
3827772), while a third trial will also recruit patients who
are steroid-ineligible (NCT05285592).

Antioxidants
In addition to inﬂammation, AH induces liver injury by
oxidative stress with apoptosis and necrosis via mitochondrial dysfunction with the production of reactive oxygen
species induced by cytokines such as TNF- a. Reactive oxygen species also depletes antioxidants such as glutathione
rendering it more sensitive to TNF- a damage.84 Silymarin
was studied in ALC without any survival beneﬁt or improvement of liver enzymes.85 S-adenosyl methionine is the main
methyl donor in methylation reactions. Therefore, it can
up-regulate glutathione synthesis. A clinical trial of 37 patients with ALD who received SAM vs. placebo did not
show a signiﬁcant difference in outcomes of the groups.86
A randomized clinical trial (NCT03938662) is comparing
the effect of SAM and Choline combination vs placebo in
patients with ALD. Moreover, a multicenter, randomized
placebo-control clinical trial (NCT04250259) is actively
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N-Acetylcysteine
N-Acetylcysteine (NAC) is an antioxidant that replenishes
glutathione-the hepatocytes antioxidant-since the thiol
group in the NAC can reduce free radical formation. The
hypothesis of the NAC mechanism behind mitigating
infection is via the improvement of phagocyte oxidative
burst.87 The best evidence of NAC efﬁcacy was demonstrated in a large RCT of 174 patients with sAH who
received NAC for 5 days plus prednisolone for 4 weeks
and compared it to the control group who received prednisolone alone. The study concluded a short-term 1month mortality reduction in the combination group vs
prednisolone alone group (8% vs 24%, P < 0.005). However,
there was no difference between the two groups in mortality during 3-months survival analysis. Additionally, there
was a lower incidence of hepatorenal syndrome in the combination group.88 On the other hand, a different retrospective study demonstrated no survival beneﬁts at 90 days
when given NAC for 5 days, along with prednisone; the
study included 68 patients with mortality being higher in
patients with higher MDF score.89 Moreover, a study of
57 patients with sAH failed to provide any additional survival beneﬁt of NAC with granulocyte colony-stimulating
factor (G-CSF) compared to G-CSF alone.90 Currently, a
randomized control trial is comparing the use of NAC
plus prednisolone vs prednisone alone in patients with
sAH (NCT05294744).

Metadoxine
Metadoxine is an antioxidant involved in mitochondrial
glutathione synthesis. The addition of Metadoxine to glucocorticoids in patients with sAH was studied in a RCT
done in Mexico. The study indicated a signiﬁcant improvement in survival in the metadoxine + steroid group
compared to steroids alone at 90 days (68% vs 20%
P < 0.05)91 Additional RCTs compared the use of Metadoxine in conjunction with prednisone or pentoxifylline in 135
patients with sAH. The Metadoxine group demonstrated
improvement in 3 and 6 month survival rates compared
to the prednisone or pentoxifylline alone group. Metadoxine has added beneﬁts for alcohol abstinence maintenance
effects.92

Vitamin E
Vitamin E is an antioxidant that was examined in AH. It
was previously studied in the setting of fatty liver disease.
A RCT compared vitamin E to placebo in patients with
sAH demonstrated no survival beneﬁts or effects on liver
function values.93 However, a more recent open-label randomized comparative study of vitamin E added to standard therapy revealed a reduction in Child-Pugh score in
the treatment group. The study sample was small and

included only 30 patients.94 Trials using antioxidant cocktails with vitamin E and other antioxidants concluded a
lack of signiﬁcant difference in patients with sAH.95

Agents that Modulate Regenerative Pathway
The hepatocyte has an intense regenerative capacity
through multiple progenitor cells. Inﬂammatory status
such as the one seen in AH impairs growth factors and genetic singling which, in turn, affects hepatocyte maturity.96
Repairs of the inﬂamed hepatocyte caused by AH are essential and there have been few regenerative targets for therapy
that are studied.

IL-22 Infusion (F-652)
IL-22 is produced from the CD4+ T helper cells. It is one of
the IL-10 derivate that functions to modulate tissue proliferation, remodeling, inﬂammation, and has the effects of
antioxidant and anti-apoptosis. F-652 is a human IL-22 recombinant protein that resembles the effects of native IL22 but with improved pharmacokinetics due to the addition of human immunoglobulins.97–99 The TREAT 008
study (NCT02655510) was a dose-escalation study undertaken at Mayo clinic centers that included 18 subjects
with sAH (MELD > 21) and used F-652 infusion at
10 mg/kg, 30 mg/kg, or 45 mg/kg on days 1 and 7. The study
demonstrated that F-652 reduced the MELD score by 6
and 5 points on days 28 and 42 respectively. Additionally,
on day 7 a Lille score of #0.45 was achieved in almost 83%
of subjects. F-652 is a safe drug and was well tolerated by
the study subjects.100 These results are promising, and
future RCTs is warranted to prove the efﬁcacy of IL-22
infusion.

G-CSF (Filgrastim)
In animal models, the cytokine G-CSF was found to stimulate progenitor CD34+ stem cells to increase hepatocellular
growth factors and subsequently lead to hepatocyte proliferation and maturation.101,102 The safety and efﬁcacy of GCSF are being evaluated in previous and ongoing studies.
Garg et al. randomly assigned 23 patients with ACLF (57%
of which were AH) to subcutaneous 5 mg/kg G-CSF and
compared them to 24 subjects who received a placebo. At
1-month follow-up, there was a survival beneﬁt (69.6 vs
29% P < 0.001) with a signiﬁcant reduction in MELD,
Child-Pugh, and SOFA scores, in addition to improvement
in the rate of encephalopathy and hepatorenal syndrome
development in the treatment group.103 Another study
compared G-CSF (5 mg/kg for 5 days) to Pentoxifylline
(1200 mg daily) and showed survival beneﬁts with a reduction in MDF score at 3 months. The study did not use corticosteroids as standard therapy.104 Another RCT enrolled 57
patients with sAH admitted to the ICU. Patients were randomized to three groups: (G-CSF + pentoxifylline) (GCSF + pentoxifylline + NAC), and (pentoxifylline alone as
control arm). The G-CSF group (either alone or in
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combination with NAC) had a 90-day survival beneﬁt along
with an improvement in MELD score at 3 months.90 A randomized double-blind controlled trial examined the beneﬁts
of G-CSF in steroids non-responder sAH patients. When
compared to the placebo, the G-CSF group displayed
improvement in MELD, MDF score as well as 90-day mortality.105 The above studies revealed excellent overall good
safety and efﬁcacy; however, it would be interesting to
compare G-CSF with prednisolone standard therapy. Multiple RTCs are currently recruiting sAH patients to study the
efﬁcacy of G-CSF in adjunction with corticosteroid.

LIVER SUPPORT
Extracorporeal Liver-Assist Device

---

Extracorporeal liver assist device (ELAD) system is an extracorporeal hepatic cell treatment using cloned immortalized human hepatoblastoma cells (C3A). During ELAD
treatment, the subject's blood is passed through a machine
with ultraﬁltration containing anti-inﬂammatory and
antioxidant activity.106 A Large phase 3 multicenter clinical
trial enrolled 203 patients with sAH (deﬁned as MDF $ 32)
and compared subjects treated with ELAD vs standard
therapy alone. There was a reduction in serum bilirubin
and improvement in Lille score; however, the study failed
to reach the primary endpoint as there was no difference
in overall survival between the two groups after 90
days.107 An additional RCT (NTC02621428) enrolled 151
patients with sAH. The study failed to meet the primary
outcome of 3 months survival beneﬁt; therefore, it was
terminated early.
AH prevalence continues to rise, while the current therapeutic options are limited. The single available therapeutic agent currently administered for a limited number of
patients is corticosteroid, which has not revealed mortality
beneﬁts beyond 28- days in patients with sAH. The need for
novel therapies in AH is crucial. A combination of therapies has been investigated, providing additive through
alternative pathways to target AH. Multiple clinical trials
of novel therapies in AH remain ongoing. Their results
could potentially make a difference in the clinical course
of the disease.
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