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Summary

Alcoholic hepatitis is an acute, inflammatory liver disease associated with high morbidity and
mortality, both short and long term. Alcoholic hepatitis often arises from a background of chronic
liver disease, characterized by rapid onset of jaundice and development of a myriad of
complications. Current medical therapy for severe alcoholic hepatitis relies on corticosteroids,
which have modest efficacy. Alcohol abstinence is of critical importance in alcoholic hepatitis, but
recidivism is high. Due to the lack of efficacious medical treatments for alcoholic hepatitis and
alcohol chemical dependency, there is a pressing need to develop new therapeutics. Backed by
promising preliminary and preclinical studies, many clinical trials are currently ongoing in
alcoholic hepatitis and are discussed further in this review.
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Introduction

Excessive alcohol consumption is one of the leading causes of liver diseases and the seventh
leading cause of premature death around the world (1). Alcohol abuse causes a spectrum of
liver injuries collectively termed alcohol-associated liver diseases (ALD). ALD encompasses
a range of histological findings, including steatosis, steatohepatitis and fibrosis.
Symptomatic steatohepatitis or cirrhosis may present acutely, as an inflammation-driven
condition termed alcoholic hepatitis. Alcoholic hepatitis is associated with high morbidity
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and mortality, especially when severe. The average 30-day mortality for severe alcoholic
hepatitis patients may be as high as 17-50% (2, 3). Despite decades of research, there
continues to be a clinical void in highly efficacious treatment for alcoholic hepatitis. In
recent years, many novel therapeutics targeting the pathogenesis of alcoholic hepatitis have
emerged, and some have successfully entered into clinical trials. In this review, we will
systematically highlight the most promising novel therapeutics on the horizon.

Pathophysiology

Intense research efforts focused on elucidating mechanisms of liver injury in alcoholic
hepatitis have greatly advanced our understanding of the pathophysiology of the disease
[Figure 1]. Ethanol-induced liver damage occurs via both direct hepatocyte injury and
inflammation (4). Metabolism of ethanol also changes the redox state of hepatocytes, which
interferes with carbohydrate and lipid metabolisms contributing to hepatic steatosis (5).
Alcohol increases hepatocyte vulnerability to free-radicals as a result of enzyme CYP2E1
induction, mitochondrial dysfunction, depletion of anti-oxidants storage, and recruitment of
inflammatory cells (4). Chronic alcohol abuse, particularly when combined with
malnutrition, often compound the effect of oxidative injury by further lowering cellular
resilience to oxidative stress and depleting anti-oxidant storage (4, 5). Proteasome
dysfunction also plays a role in exacerbating oxidative stress and cellular injury (4).

Secondary damage on hepatocytes mediated by inflammatory cells also plays a central role
in pathophysiology of alcoholic hepatitis. Chronic exposure can lead to increased gut
permeability and elevated circulating pathogen products, such as LPS (lipopolysaccharide),
which are also known as PAMPs (Pathogen Associated Molecular Patterns) (6). Ethanol
injured hepatocytes release aseptic inflammatory mediators, or DAMPs (Damage Associated
Molecular Patterns). DAMPs and PAMPs bind to pathogen-pattern receptors such as TLRs
(Toll-like Receptors) and NLRs (Nucleotide-binding Oligomerization Domain-like
Receptors) on immune cells and liver parenchymal cells and potently stimulate the innate
immune response. This leads to dense neutrophil infiltrations which is a hallmark of
alcoholic hepatitis (4, 6). Adaptive immune responses, mediated by B cells, T cells, and
natural killer cells, also contribute to the storm of hepatic inflammation (7). Delineating the
pathophysiological mechanisms of alcoholic hepatitis has provided many new targets for
therapeutic targeting as discussed later in this review.

Current Diagnosis and Management of Alcoholic Hepatitis

While the gold-standard for diagnosing alcoholic hepatitis remains the liver biopsy, the
diagnosis of alcoholic hepatitis is often made based solely on clinical and laboratory
findings in the United States. This has led to significant heterogeneity among patients
diagnosed with alcoholic hepatitis and added to the difficulty in clinical research of the
disease. In an effort to standardize this diagnosis for clinical research, recent clinical trials
on alcoholic hepatitis has mostly adopted the alcoholic hepatitis diagnostic criteria from
National Institute of Alcoholism and Alcohol Abuse (NIAAA) consensus committee (8).
According to this guideline, diagnosis of alcoholic hepatitis is made based on 1) alcohol use
within 60 days of presentation; 2) presence of elevated liver enzymes with AST and ALT
greater than 50 but less than 400 1U/L, with AST/ALT ratio of >1.5, 3) worsening jaundice,
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with bilirubin greater than 3, and 4) absence of any other causes of liver disease [Figure 2].
However, although clinical and laboratory information is usually sufficient to diagnose
alcoholic hepatitis, liver biopsy is sometimes needed to discriminate from other causes of
liver diseases as there can be other contributors to jaundice in alcoholic liver disease. Given
presence of coagulopathy and ascites in many alcoholic hepatitis patients, transjugular
approach to liver biopsy is sometimes preferred over percutaneous approach when liver
biopsy is necessary. On histology, alcoholic hepatitis is characterized by neutrophil
infiltration, steatosis, ballooning degeneration of hepatocyte, and Mallory-Denk bodies (9).
Steatosis or Fibrosis may be present in patient with concomitant nonalcoholic steatohepatitis
or cirrhosis. While alcoholic hepatitis can occur with or without cirrhosis, liver biopsies of
alcoholic hepatitis patients demonstrated that a majority have clinically silent liver fibrosis
or cirrhosis at the time of presentation with alcoholic hepatitis. Alcoholic hepatitis patients
with underlying liver cirrhosis have worse prognosis compared to those without (10).
Therefore, an evaluation for the presence of liver cirrhosis should be obtained at the time of
alcoholic hepatitis diagnosis to aid prognostication and to direct subsequent follow-up. Other
factors such as obesity, metabolic syndrome, hepatitis C infection, and genetic traits likely
also contribute to individual susceptibility to alcoholic hepatitis (11). The presence of
cofactors may lower the threshold level of alcohol. Expression of certain variants of genes
such as PNPLA3, HSD17p13, TM6SF2, MBOATY etc. have been observed in patients with
alcoholic hepatitis, and research in this area has the potential to uncover novel therapeutic
targets (12).

Despite advantages of liver biopsy in diagnosing alcoholic hepatitis, its wide clinical use is
limited by invasiveness, cost, and inaccuracies that arise from inter-observer and sampling
errors. As systemic inflammatory symptoms in alcoholic hepatitis, including fever,
leukocytosis, and abdominal pain, can be difficult to distinguish from signs of infection,
another diagnostic challenge in alcoholic hepatitis patients is the detection of concomitant
infections. To tackle issues associated with current diagnostic strategies there is a major
drive in the field to discover novel and non-invasive biomarkers. Imaging and liquid biopsy
based biomarkers, including but not limited to magnetic resonance elastography, FibroTest,
extracellular vesicles, and peripheral leucocyte count have all shown promise as potential
biomarkers that are currently being validated in multiple studies (13, 14). Some studies have
utilized cytokine levels, cytokeratins and other serum metabolites for possible detection of
infection but it still remains to be seen if they can provide disease specific information.

Disease stratification based on severity is another necessary step in the treatment of
alcoholic hepatitis. Severity of alcoholic hepatitis greatly impacts prognosis and treatment
options. A Maddrey’s Discriminant Function (mDF) score =32 and/or Model for End-Stage
Liver Disease (MELD) score =21 have been most commonly used as cutoffs to identify
those with severe disease.

Treatment algorithms differ based on disease severity stratification (15). Mild to moderate
alcoholic hepatitis is generally managed conservatively with alcohol cessation and
monitored for development of complications [Figure 2]. Mortality risk increases
significantly in patients with severe alcoholic hepatitis, but few pharmacotherapies are
available in addition to alcohol cessation. For decades, corticosteroids have been used for the
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treatment of severe alcoholic hepatitis, relying on their potent systemic anti-inflammatory
effects. Recent meta-analysis of multiple clinical trials that included data from the landmark
STOPAH (Steroids or Pentoxifylline for Alcoholic Hepatitis) trial has concluded that
corticosteroids improve only short-term outcomes in severe alcoholic hepatitis and only
modestly (16). Furthermore, the use of corticosteroids is restricted to patients in whom
infection has been ruled out, which eliminates a significant proportion of alcoholic hepatitis
patients. Finally, corticosteroids are only effective in a subset of patients and have little
impact on long term survival. The Lille score is a commonly used clinical calculator to
identify the patients most likely to respond to corticosteroid therapy after a 7-day trial. In
patients whose Lille score is >0.45 after 7 days of corticosteroid therapy, further
corticosteroids may lead to worse outcomes and thus is generally discontinued (17).

Liver transplantation is another effective treatment for alcoholic hepatitis. Clinical studies
have shown improved outcomes with early liver transplantation in patients who do not
respond to corticosteroids (18). However, liver transplantation for treatment of alcoholic
hepatitis raises several concerns. Liver transplantation is a scarce resource and thus by
default cannot be generalized to all patients with severe alcoholic hepatitis who may
potentially benefit. In addition, recidivism after transplantation is a significant concern as
alcoholic hepatitis patients often cannot complete alcohol rehabilitation and counseling
programs generally required for others with alcoholic cirrhosis which generally requires an
abstinent period of 6- months prior to liver transplant. Utilization of liver transplantation in
the treatment of alcoholic hepatitis is an actively-evolving area as an increasing number of
transplant centers are considering acute alcoholic hepatitis patients in their transplant
programs. In patients who have undergone liver transplantation for alcoholic hepatitis, a
multidisciplinary approach is needed for close monitoring. In addition to routine post-
transplant care with surveillance and treatment of infections, renal injury, cardiovascular
disease, osteoporosis, and de novo malignancies, patients undergoing liver transplantation
for alcoholic hepatitis should receive alcohol-use disorder treatment to prevent post-
transplant relapse (19, 20).

Regardless of severity, all patients with alcoholic hepatitis should be counseled to cease
alcohol use completely. Inpatients and outpatient supervised counseling programs are
available and widely used to assist with alcohol cessation. Pharmaceutical agents that treat
alcohol dependency have also been explored. Agents such as acamprosate, naltrexone,
disulfiram, topiramate, and baclofen have been shown in small trials to improve rates of
cessation (21, 22). However, clinical utilization of these medications is limited and further
research in the area of chemical dependency is greatly needed.

Novel therapeutics for treatment of severe alcoholic hepatitis

Many clinical trials are currently ongoing evaluating novel therapeutics in alcoholic hepatitis
that are pathophysiologically relevant and have proven to be successful in pre-clinical
studies. The major focus of this review is to highlight some of these emerging therapies and
how these novel agents may possibly impact clinical care for treatment of alcoholic hepatitis
[Figure 1] and [Table 1].
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Anti-inflammatory Agents

Alcoholic hepatitis is a highly inflammatory condition involving complex crosstalks among
various signaling pathways at the cellular level and multiple organs at the macro level. Liver
Kupffer cells are believed to play an important role in instigating this inflammatory
response. LPS-TLR4 binding on Kupffer cells leads to the activation of nuclear factor
kappa-light-chain-enhancer of activated B cells (NFxB) signaling and expression of a slew
of NF«xB regulated genes (23). Among them are pro-inflammatory cytokines and
chemokines, including TNFa and Interleukin-6 (IL-6). Interleukin-1 (IL-1) is also produced
in precursor form downstream of NFxB signaling. Pro-IL-1p is activated and secreted upon
cleavage with caspase 1, which gains function via recruitment to a multi-protein complex
termed the inflammasome (24). TNFa release can be further amplified by a self-reinforcing
positive feed-back loop in Kupffer cells, and TNFa signaling results in upregulation of
chemokines, including C-C chemokine ligand 2 (CCL2) and C-X-C motif ligand 1
(CXCL1), leading to the recruitment of macrophages and neutrophils in propagation of liver
inflammatory responses (6, 25).

Given these observations, anti-inflammatory agents have been attractive therapeutic targets
(26). Unfortunately, despite the clinical success of anti-TNFa agents in treatment of
autoimmune diseases, TNFa inhibitors Infliximab and Etanercept failed in clinical trials for
treatment of alcoholic hepatitis [Figure 1]. The use of TNFa inhibitors was associated with
increased risk of infection and poor clinical outcomes (27, 28). TNFa plays an important
role not only in inflammation but also in hepatic regeneration. It was hypothesized that the
suppression of TNFa-mediated liver regeneration combined with profound
immunosuppression may have led to poor outcomes. Pentoxifylline, a nonselective
phosphodiesterase (PDE) inhibitor, is another agent that has been extensively studied in
treatment of alcoholic hepatitis. Pentoxifylline increases cellular cAMP, which has been
shown to decrease TNFa and other pro-inflammatory cytokine production in immune cells.
A multitude of clinical trials have been carried out with pentoxifylline either alone or in
combination with steroids in the treatment of alcoholic hepatitis, and results have been
conflicting. Initial clinical trials on pentoxifylline suggested a mortality benefit in severe
alcoholic hepatitis compared to placebo, and its benefit seemed to be related to prevention of
hepatorenal syndrome (29). However, pentoxifylline was shown to be inferior to steroids in a
head-to-head trial of severe alcoholic hepatitis patients (30), and pentoxifylline rescue was
ineffective in steroid nonresponders (31). The effects of pentoxifylline alone and in
combination with prednisolone were examined in the STOPAH trial, and despite lower
incidence of hepatorenal syndrome, pentoxifylline failed to show mortality benefit (16).
Given these results, clinical practice has moved away from use of pentoxifylline in severe
alcoholic hepatitis.

Another cytokine, IL-1p, has also been studied as a therapeutic target for alcoholic hepatitis
treatment. In preclinical models, IL-1 receptor antagonists were shown to attenuate liver
injury caused by alcohol (32). Anakinra, an IL-1 receptor antagonist, has been studied in
clinical trials in combination with zinc sulfate and pentoxifylline compared to
corticosteroids in patients with severe alcoholic hepatitis. This trial did not meet statistical
significance in mortality benefit but showed a treatment effect in favor of the combination

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sehrawat et al.

Page 6

group (33). Another NIAAA funded multicenter, randomized clinical trial examining the
combination of Anakinra, zinc, and G-CSF is set to begin recruitment soon. More narrowly
targeted and selective anti-inflammatory agents such as chemokine receptor antagonists have
been used in preclinical setting with some success. Cenicriviroc, a CCR2/CCRS receptor
antagonist, was recently shown to reduce steatosis and fibrosis in a Phase Il cohort with
Nonalcoholic Steatohepatitis (NASH) (34). Clinical trial for treatment of alcoholic hepatitis
with Cenicriviroc is needed to explore its applicability to alcoholic hepatitis.

Gut-Liver axis dysfunction and dysbiosis

Recent advances in our understanding of pathophysiology of alcoholic hepatitis have
demonstrated that gut-liver axis dysfunction, particularly microbial dysbiosis and impaired
gut barrier function, plays a significant role in development of liver diseases (35, 36). Gut
permeability increases after alcohol binge or chronic consumption and grants intestinal
lumen products access to the portal circulation, leading to the propagation of inflammation
and cell injury (37, 38). Lipopolysaccharide (LPS), a component of gram-negative bacterial
cell wall, and other PAMPs have been well documented as perpetuating agents in this
process (39). PAMPs activate resident Kupffer cells in the liver through activation of TLR4
(40), and preclinical studies have shown attenuation of alcohol induced liver damage by
inhibiting binding of endotoxin to these Kupffer cells (41). Thus, gut-liver axis derangement
is being increasingly recognized as an important driver of alcohol induced liver damage.

Recognition of gut-liver axis dysfunction in alcoholic hepatitis has led to the development of
many potential therapeutics over the last two decades. A good example of gut endotoxins
targeted therapy is the use of bovine colostrum, which is rich in immunoglobulins and
antimicrobials thought to decrease porto-systemic endotoxemia (42). A hyperimmune
bovine colostrum, IMM 124-E is further enriched for anti-LPS 1gG antibodies and shown to
alleviate liver injury in a clinical trial in NASH patients, possibly through its modulation of
natural killer and T cells function (43). There are multiple trials underway to study the
benefit of bovine colostrum in alcoholic hepatitis, including a well- designed phase 11
placebo-controlled RCT (Randomized Controlled Trial) currently underway studying the use
of IMM-124E in alcoholic hepatitis [Table 1].

Impaired gut barrier function and dysbiosis leads not only to endotoxin but also bacterial
translocation [Figure 1]. Combined with immune dysfunction present in alcoholic hepatitis,
severe alcoholic hepatitis patients are at significantly elevated risk of infections, as high as
42% incidence of infections in severe alcoholic hepatitis patients within 90 days of the
diagnosis (44). This risk is further exacerbated by corticosteroids treatment (44). These
observations prompted many clinical trials exploring the possibility of empiric antibiotics or
probiotics as treatments for alcoholic hepatitis. A small pilot study with the prophylactic use
of rifaximin showed a trend toward benefit compared to control (45). Currently, multiple
large trials are underway studying the prophylactic use of a variety of antibiotics including
Augmentin, Ciprofloxacin, Vancomycin, Gentamycin, and Meropenem. The use of
probiotics has been evaluated as well with promising preliminary data. Murine studies
showed benefit with VSL3 and lactobacillus rhamnosus GG (46). A RCT is now underway
at NIAAA studying the use of Lactobacillus rhamnosus in alcoholic hepatitis. Fecal
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transplantation, which has shown great potential in treating gut dysbiosis, was also examined
in open label trials with promising results, showing a mortality benefit despite very small
sample size (36, 47). Given these early positive trends, further studies targeting gut
microbiome in alcoholic hepatitis are hotly anticipated.

Anti-oxidants

Multiple modes of cellular injury in alcoholic hepatitis result in hepatocyte oxidative injury,
including toxic ethanol metabolites, inflammatory cell-mediated cytotoxicity, as well as
mitochondrial and proteasome dysfunctions. Given the central role of oxidative injury in the
pathogenesis of alcoholic hepatitis, the use of anti-oxidants in alcoholic hepatitis has
garnered much attention [Figure 1]. Unfortunately, as a group, anti-oxidants have largely
failed to demonstrate a significant mortality benefit although a few treatments showed
promise. N-acetylcysteine (NAC) is an anti-oxidant widely used in the treatment of acute
liver injury. A randomized control trial of NAC infusion in combination with prednisolone
showed mortality benefit at 30 days compared to prednisolone alone, but this effect was not
seen at 3 months, which was the primary endpoint (48). Another study that combined the use
of NAC and GCSF failed to show improvement of outcome beyond GCSF alone (49).
Another example of antioxidant used to treat alcoholic hepatitis with promising trend is
metadoxine, which is thought to increase hepatic glutathione concentrations. Metadoxine
used in combination with steroid or pentoxifylline improved survival at 3 and 6 months in
small open labeled trials (50). Interestingly, patients receiving metadoxine attained higher
rate of sobriety in this trial, an effect that has also been observed in other retrospective
analyses on alcohol dependency (51). If confirmed in larger studies, the dual antioxidative
and abstinence-maintenance properties of metadoxine along with a very favorable side-effect
profile, make it an attractive option for alcoholic hepatitis treatment.

Apoptosis and Liver Regeneration

The balance of signals promoting cell death and adaptive survival determines the presence of
liver failure in alcoholic hepatitis. Hepatocyte death is induced by alcohol via apoptosis and
necrosis processes, involving the mitochondrial pathway, caspase-dependent pathway, or ER
stress (52). Caspases are a group of 11 intracellular cysteine proteases that are involved in
apoptosis, profibrotic gene expression, and activation of IL-1f upon association with the
inflammasome (24). Emricasan is an oral small-molecule caspase protease inhibitor
currently in clinical trials. After promising preclinical studies, it was brought into trials for
multiple liver diseases including alcoholic hepatitis (53). Emricasan was shown to improve
liver function in patients liver fibrosis (54), but unfortunately, a recent phase Il trial in severe
alcoholic hepatitis patients was terminated due to concerns about liver toxicity. Another oral
apoptosis inhibitor, apoptosis signal regulating kinase-1 (ASK-1) inhibitor, Selonsertib
(GS-4997) was found to be safe but failed to improve mortality or liver function compared to
steroids (55).

The counterbalance to cell death in alcoholic hepatitis is liver regeneration, which is the
mechanism involved in recovery of liver function after toxic insults. Preclinical studies have
implicated NF-kB, STAT3 and downstream pathways in the regeneration process (56, 57).
TNFa is an important player to maintain an equilibrium between proliferation, survival and
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apoptosis as it can induce different responses depending on the cellular context (58).
Interleukin-22 (IL-22) is a promising novel therapeutic agent from the IL-10 family that has
been shown in preclinical studies as having anti-apoptosis, anti-inflammation, anti-steatosis
and proliferative effects (59, 60). Preliminary data from an open-label, small cohort study
with IL-22 showed efficacy signals and good safety profile in treatment of alcoholic hepatitis
patients (61). A follow up phase Ilb RCT on IL-22 is in preparation [Table 1]. Granulocyte-
colony stimulating factor (G-CSF) is another promising therapeutic agent being evaluated in
clinical trials [Table 1]. G-CSF was shown to mobilize hematopoietic stem cells and
stimulate the proliferation of liver progenitor cells in animal models of acute liver failure
(62). The activation of hematopoietic stem cells may assist with the recovery of immune
dysfunction, and the proliferation of liver progenitor cells was thought to mediate liver
regeneration. Several small clinical studies in India showed mortality benefit with G-CSF
(63-65). Multiple clinical trials in Western populations are underway, and results are eagerly
anticipated.

Bile metabolism has also been the target of research in alcoholic hepatitis treatment.
Alcoholic hepatitis is characterized by cholestasis, and it has been hypothesized that
Farnesoid X receptor (FXR) agonist obeticholic acid (OCA) protects hepatocytes against
bile toxicity (62). OCA has shown promising results in treating chronic cholangiopathies
(66, 67). Results from a recent phase Il study looking at safety and efficacy is complete but
unpublished as of now.

Supplemental Nutrition

Macro- and micronutrient malnutrition is a common feature in alcoholic hepatitis (68, 69).
Decreased oral intake, decreased gut absorption and a hypermetabolic state perpetuate
nutritional deficiencies in alcoholic hepatitis. Although the ideal nutrition intake goals for
alcoholic hepatitis have not been studied in clinical trials, low nutritional intake, less than
21.5 kcal/kg/day, was associated with worse outcomes in severe alcoholic hepatitis (70).
Current guidelines generally recommend daily protein intake of 1.2-1.5 g/kg/day and caloric
intake of 30- 40 kcal/kg/day in alcoholic hepatitis patients (70, 71). Data on the role of
intensive enteric feeding has been conflicting. An early Veteran’s Affair’s (VA) hospital
prospective study showed improved liver function with supplemental enteric feeding via
nasogastric tube (72). However, a recent European multicenter RCT failed to show mortality
benefit with tube-feeding supplementation (73). This study suffered from a high rate of
discontinuation of intervention in the nasogastric feeding arm, with 3 cases of aspiration
pneumonia which led to 1 fatality. These results raised a valid concern of using nasogastric
tube feeding in this patient population with a high incidence of encephalopathy. Total
parenteral nutrition has also been proposed for the treatment of alcoholic hepatitis, but
concerns regarding complications, particularly increased risk of infections and liver injury,
limit its adaptation. Aside from protein-calorie malnutrition, deficiencies in many vitamins
and minerals may impede recovery as well (70). Zinc is a trace element, and its deficiency is
very common in patients with chronic alcohol use and has been shown to increase gut
permeability and promote apoptosis (74). Zinc deficiency in endoplasmic reticulum and
mitochondria has been shown to activate intrinsic cell death signaling in response to ethanol
injury, which could not be effectively rescued by antioxidant treatment (74). A RCT
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studying the effects of combination therapy with zinc sulfate, pentoxifylline and Anakinra
showed a trend toward decreased mortality as discussed above [Table 1]. It is of course
difficult to draw conclusions about an individual intervention in a combination treatment
group, but given the benign nature of the intervention, alcoholic hepatitis patients with
macro and micronutrient deficiencies should undergo replacement. Empiric replacement of
micronutrients may be appropriate as well depending on the cost of testing. Future trials
addressing optimal strategies in treatment of macro- and micronutrient malnutrition in
alcoholic hepatitis will help to direct clinical practice.

disorder (AUD)

Clinical guidelines from multiple international societies have recognized importance of
treatment of AUD in alcoholic liver disease (71, 75). Alcoholic hepatitis diagnostic criteria
include description of heavy alcohol use, which requires a background of more than 40-60 g
of alcohol per day for a period of 5 years or more with heavy drinking for more than 6
months at least 2 months prior to diagnosis (8). Patients with alcoholic hepatitis by
definition has AUD. Concern of recidivism has historically precluded these patients from
being considered for liver transplantation, though recent data have had a positive trend on
this practice (18).

Abstinence is a clear goal for the treatment of alcoholic hepatitis, and alcoholic hepatitis
patients with relapsed alcohol use suffer from high mortality (76). Although there is no
standard of care pharmaceuticals in maintenance of alcohol sobriety, research is ongoing in
this area (76). Disulfiram, acamprosate, naloxone, naltrexone, baclofen, topiramate,
gabapentin and sertraline have been associated with benefit in AUD (21); however, none
have been definitively tested in ALD or alcoholic hepatitis patients. Indeed, many of these
agents have a black box warning of associated hepatotoxicity. A RCT with alcoholic
cirrhosis patients who were given baclofen showed 71% achievement and maintenance of
abstinence in the treatment arm compared to 29% in the placebo group (77). However, the
follow-up period was short and larger trials are needed to establish benefit in mortality.
Another, single-center, open, retrospective study showed 97% maintenance of abstinence at
12 months in alcoholic hepatitis patients on Baclofen (78). Even though Baclofen has been
approved in some countries and has received conditional recommendation in clinical
guidelines, it is still not FDA approved for treatment of AUD due to low level of evidence.
There is also some conflicting evidence regarding safety of baclofen (79). There is potential
for treatment of AUD to positively impact not just outcomes of clinical episodes of alcoholic
hepatitis but also outcomes post-transplantation. There is a notable lack of data regarding
pharmacological therapy use in the post-liver transplantation population.

Alcohol rehabilitation is associated with decreased readmission, relapse and mortality in
alcoholic hepatitis patients (80). Cognitive behavioural therapy, motivational interviewing,
supportive therapy and psychoeducation are important treatment methodologies.
Unfortunately, of date, no psychosocial intervention is able to consistently reduce relapse in
alcoholic liver disease patients (81).
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Conclusion

Conducting well designed and controlled clinical trials has traditionally proven to be
difficult in alcoholic hepatitis due to numerous barriers. This situation has improved owing
to relative standardization of study designs which has led to an exponential growth in
ongoing registered trials. Currently novel therapeutics targeting oxidative damage,
inflammation, apoptosis, reduced regenerative capacity, alcohol use disorder, dyshiosis and
gut-liver axis dysfunction are being tested in alcoholic hepatitis. These therapeutics, whether
standalone or in combination, hold tremendous potential to improve outcomes for these
patients. Randomized clinical trials and further systematic analyses of results will dictate
their acceptance and integration into routine clinical practice.

Search Strategy and Selection Criteria

References for this Review were identified through searches of PubMed with combinations
of the search terms “alcoholic hepatitis”, “alcoholic liver disease”, “treatment” and
“therapy” from inception until 14th June, 2019. Articles were also identified through
searches of the authors’ own files as well as going through reference lists of reviews
published in the past 10 years for identifying further relevant references. Only papers
published in English were reviewed. The final reference list was generated on the basis of
originality and relevance to the broad scope of this Review. We also searched abstracts from
major international meetings in the field of gastroenterology and hepatology, such as The
Liver Meeting (American Association of the Study of the Liver), Digestive Diseases Week,
and the International Liver Congress (European Association for the Study of the Liver), held
in the past 2 years. Clinicaltrials.gov was the source of information about relevant clinical

trials.
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Figure 1: Pathophysiology of Alcoholic Hepatitis and Mechanisms of Action of Novel
Therapeutic Agents

The pathogenesis of alcoholic hepatitis involves the interplay of multiple complex
mechanisms. A. Chronic alcohol use causes changes in the gut microbiome composition
(dysbiosis) and breakdown of gut barrier function. LPS and other bacterial products can
potently activate the innate immune system and are collectively called Pathogen-Associated
Molecular Patterns (PAMPS). Increased gut permeability allows for the translocation of
bacteria and PAMPs to the liver via splanchnic vasculature. Multiple therapeutics, including
antibiotics, fecal transplantation, bovine colostrum, and hyperimmunized bovine colostrum
IMM-124E target dysbiosis and reduce endotoxemia. B. Excessive alcohol consumption
leads to liver injury by multiple mechanisms. The toxic metabolites of ethanol, particularly
acetaldehyde, cause direct hepatocyte oxidative injury as well as injury via formation of
protein/DNA adducts. Ethanol metabolites also cause mitochondrial dysfunction and lipid
peroxidation which leads to steatosis. Activated immune cells induce cell-mediated
cytotoxicity by release of reactive oxygen species (ROS), further exacerbating oxidative
injury. Antioxidants have been trialed in alcoholic hepatitis to attenuate oxidative stress.
Zinc, in addition to being an antioxidant, is also protective against mitochondrial
dysfunction and apoptosis. Cholestasis is another target for alcoholic hepatitis therapy.
Obeticholic acid (OCA) is currently in trial as an agonist to the farnesoid X receptor (FXR),
which has activity against bile synthesis. The injured liver has two different clinical
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outcomes, cell death and organ failure vs. liver regeneration and recovery. Hepatocyte injury
activates apoptosis and necrosis pathways and releases Damage-Associated Molecular
Patterns (DAMPSs), which are cell derived molecules capable of activating the immune
system. Emricasan and Selonsertib are two inhibitors to apoptosis signaling studied in
alcoholic hepatitis. Liver injury also stimulates liver regeneration. Many cytokines, including
TNFa and Interleukin-6 (IL-6), are potent activators of liver regeneration. Another cytokine,
IL-22, has also been shown to stimulate liver regeneration. Growth colony stimulating factor
(G-CSF) and its derivative pegylated G-CSF have shown promising results in multiple early
clinical trials. C. The accumulation of DAMPs and PAMPs in the liver activates resident
liver immune cells, particularly Kupffer cells, by activation of toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain-like receptors (NLRs). Receptor activation
enhances NFxB signaling and results in expression of pro-inflammatory molecules,
including IL-1p. Pro-IL-1p undergo cleavage by caspase-1, which is activated by the
inflammasome complex, to become activated IL-1B. An inhibitor to IL-1f, Anakinra, is
currently studied in clinical trials. TNFa inhibitors, including Infliximab, have been tested
in clinical trials. Pentoxifylline is another extensively studied compound in the treatment of
alcoholic hepatitis. It suppresses NFxB signaling and reduces the production of cytokines,
including TNFa. Chemokine receptors, such as C-C chemokine receptors (CCRs), promote
inflammatory signaling via stimulation of the NFxB pathway, and a CCR2/CCRS5 inhibitor,
Cenicriviroc, has been proposed as another target for alcoholic hepatitis therapy.
Inflammatory cytokines and chemokines released by Kupffer cells and other liver cells
recruit circulating immune cells such as neutrophils and monocytes and promote chemotaxis
and infiltration into liver parenchyma. Immune cell infiltration causes secondary cell-
mediated injury to the liver parenchymal cells by oxidative injury as described above.
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Current Clinical Treatment Algorithm for Alcoholic Hepatitis
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