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Severe alcoholic hepatitis (AH) is an acute and often devastating form of alcohol-associated liver disease. Clinically, AH
is characterized by elevated bilirubin, model for end stage liver disease scores >20, and nonspecific symptoms that are
caused by underlying inflammation, hepatocyte injury, and impaired intestinal barrier function. Compromised immune
defense in AH contributes to infections, sepsis and organ failure. To date, corticosteroids are the only recommended
treatment for severe AH, however it does not provide survival benefits beyond 1 month. Recent preclinical and
early clinical studies in AH aided understanding of the disease and presented opportunities for new therapeutic
options targeting inflammation, oxidative stress, liver regeneration and modification of intestinal microbiota. In this
comprehensive review, we discuss promising preclinical results and ongoing clinical trials evaluating novel therapeutic
agents for the treatment of severe AH. Clin Mol Hepatol 2020 Sep 28. [Epub ahead of print]
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ALCOHOLIC HEPATITIS (AH): A DISEASE WITH-
OUT AN EFFECTIVE CURE

Alcohol-associated liver disease (ALD) is one of the top 30
causes of death worldwide. The most serious form of this condi-
tion is acute AH, that may present as acute-on-chronic liver failure
(ACLF) and result in high short-term mortality.' While research has
long focused on the pathogenesis of AH, translation of those find-
ings to clinical trials is only in the early stages. To date, corticoste-
roid therapy remains the most effective treatment option even

though it is beneficial in only about 60% of AH patients and only
on 1 month survival." While several other treatment options dem-
onstrated initial promise, most failed efficacy and some were even
harmful (Table 1). Liver transplantation in AH is available to a very
limited group of patients,” costly, and requires life-long immuno-
suppression. Thus, medical treatment of AH continues to be an
unmet need. Ongoing pre-clinical studies and clinical trials are ac-
tively searching for curative approaches to AH. Here, we aim to
describe the current state of research on AH and discuss the im-
plication for potential treatment options.
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Table 1. Failed therapeutic interventions in studies for alcoholic hepatitis

Name of agent Background/mechanism References
Pentoxifylline Nonselective phosphodiesterase inhibitor 74 (2009-013897-42)
Infliximab Monoclonal chimeric anti-TNF-a antibody 75

Etanercept Fusion protein of TNF receptor-2 & the Fc end of IgG1 76

Colchicine Anti-mitotic effect by tubulin disruption 77,78

Amlodipine Long acting calcium channel antagonist 79

Insulin+glucagon Hepatotrophic effect 80,81

Propylthiouracil Antithyroid drug, antioxidant effect
Selonsertib

Anabolic steroids Support of regeneration

ELAD extracorporeal cellular therapy utilizing hepatoblastoma-derived C3A cells

Emricasan Pan-caspase inhibitor

Obeticholic acid Selective FXR agonist

Apoptosis signal regulating kinase-1 inhibitor

82 (meta-analysis)
83 (NCT02854631)
84 (meta-analysis)
67 (NCT02612428)
15 (NCT01912404)
Results awaited (NCT02039219)

TNF-a, tumor necrosis factor-a; IgG, immunoglobulin G; ELAD, extracorporeal liver assist device; FXR, farnesoid X receptor.

AGENTS TARGETING HEPATIC INFLAMMATION

Inflammation plays a pivotal role in the pathogenesis of acute
AH. Heavy alcohol and its metabolites damage hepatocytes and
result in the release of danger-associated molecular patterns
(DAMPs; Fig. 1A). In the gut, alcohol-induced dysbiosis and bac-
terial translocation lead to the accumulation of pathogen-associ-
ated molecular patterns (PAMPs). The combination of DAMPs and
PAMPs results in TLR4 and NLRP3 inflammasome-mediated in-
flammatory responses in the liver.*”

Recently, our laboratory demonstrated that interleukin (IL)-16 is
a central molecule in the pathogenesis of ALD and provided evi-
dence that administration of IL-1 receptor antagonist (IL-1Ra) at-
tenuates inflammasome-dependent alcoholic steatohepatitis in
mice. IL-1Ra competes with IL-1a and IL-1B to bind to the IL-1 re-
ceptor, but does not initiate downstream signaling pathways.
Anakinra, a recombinant IL-1Ra, has been tested in the USA, a
multicenter, double-blind, randomized clinical trial in severe (mod-
el for end stage liver disease [MELD] score >20) AH patients in
combination with pentoxifylline and zinc-sulfate compared to
prednisolone treatment (NCT01809132; Fig. 1B). A subsequent
trial based on these preliminary results is already recruiting pa-
tients for a larger AH cohort (NCT04072822). Notably, related
studies in patients with rheumatic arthritis suggest anti-IL-1f
treatment with anakinra does not increase susceptibility to associ-
ated infections.’

Treatment with canakinumab, a recombinant human monoclo-
nal antibody against IL-1B, utilizes the same concept, although
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specifically targets IL-13 and does not interfere with IL-1a signal-
ing that acts on the same receptor (Fig. 1C).* A multicenter, dou-
ble-blind, randomized, placebo-controlled clinical trial with
canakinumab is enrolling in the United Kingdom. This study in se-
vere AH patients excludes individuals with MELD scores >27 and
evaluates histological improvement after 28 days (NCT03775109).
Finally, the previous “CANTOS" (Canakinumab Anti-Inflammatory
Thrombosis Outcomes Study) study involved 10,061 patients with
a history of myocardial infarction and generally showed that
canakinumab was effective in preventing cardiac events. Howev-
er, the authors found higher infection rates in canakinumab treat-
ed individuals compared to the placebo group, raising a caution in
its use. ™"

Alcohol exposure results in several inflammatory processes in-
cluding caspase-dependent activation of inflammasomes, apopto-
sis, and the release of extracellular vesicles with inflammatory
properties.®""'* Caspase inhibitors may decrease apoptosis and
inflammation, and could therefore aid in the treatment of a vari-
ety of liver diseases. Emricasan is a pan-caspase inhibitor that ap-
pears to decrease aminotransferase activity and subsequently be
beneficial to non-cirrhotic hepatitis C patients.” A phase 2, ran-
domized, open-label clinical trial in cirrhotic patients showed that
emricasan treatment resulted in significantly improved MELD and
Child-Pugh scores, bilirubin levels, and international normalized
ratios (INRs) after 3 months in patients with baseline MELD >15
(but not in the overall population) compared to placebo." In con-
trast, emricasan showed no benefit in non-alcoholic steatohepati-
tis in a multicenter, randomized, double-blind, placebo-controlled
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Figure 1. Alcoholic hepatitis: a disease without an efficient cure. (A) Agents targeting hepatic inflammation. (B) Anakinra, a recombinant form of IL-1Ra,
is currently under investigation as a therapeutic agent for alcoholic hepatitis patients, as is (C) canakinumab, a recombinant human monoclonal anti-
body against IL-1B. (D) Protection against oxidative stress has been the target of several therapeutic attempts. (E) Boosting liver regeneration may be a
key element of therapeutic interventions. (F) Therapeutic agents aimed at managing the complications of end stage liver disease patients; specifically
targeting increased immune activity and inflammation that manifest as exhaustion of the immune system and decreased ability to fight against bac-
terial infections. IL, interleukin.

clinical trial.” In AH patients, a placebo-controlled, multicenter,
double-blind, randomized clinical trial of emricasan was terminat-
ed after recruiting five patients (NCT01912404) due to excessively
high blood levels of the caspase inhibitor and lack of safe dosing
in severe AH patients.

REDUCING OXIDATIVE STRESS

Alcohol metabolism, apoptosis and necrosis, inflammation and
mitochondrial dysfunction are all part of AH pathology accompa-

http://www.e-cmh.org

nied by the production of reactive oxygen species (ROS) that fur-
ther increase cellular damage."®" Protection against oxidative
stress has been the focus of several therapeutic attempts (Fig. 1D).
Increased production of ROS is associated with reduction in cellular
glutathione levels in AH. N-acetylcysteine (NAC) is an antioxidant
that can restore glutathione, the main protective agent against oxi-
dative stress in hepatocytes and other cells, and protects the liver
in acetaminophen-induced liver injury.”® However, when adminis-
tered alone, it showed no survival benefits in AH patients com-

9,20

pared to placebo™ or corticosteroids.”’ When NAC was used in

conjunction with prednisolone in a France-based randomized,
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double-blind clinical trial, it increased one-month survival by re-
ducing both infection and subsequent hepatorenal syndrome de-
velopment although long-term benefits were not observed.”” An-
other small, randomized open-label trial currently underway in the
United Kingdom aims to clarify whether the early survival benefit
of NAC is due to an improvement in the monocyte oxidative burst
that leads to decreased infection rate (NCT03069300).

Metadoxine is another antioxidant drug that increases the level
of glutathione and adenosine triphosphate levels in hepatocytes,
reduces free fatty acid accumulation and inhibits tumor necrosis
factor-a (TNF-a) secretion.” In a small randomization-controlled
clinical trial, metadoxine accelerated both alcohol elimination
from the circulation and recovery from alcoholic detoxification.”
Two Mexico-based randomization-controlled clinical trials of AH
patients evaluated metadoxine or placebo paired with corticoste-
roid treatment. Notably, 30- and 90-day survival significantly im-
proved with metadoxine treatment, and the development of en-
cephalopathy and hepatorenal syndrome slowed in patients who
received the combination therapy. Lower Lille scores in the meta-
doxine group were also observed, suggesting an overall better re-
sponse to steroids. However, no difference was observed between
groups in development or progression of variceal hemorrhage or
infection.” A subsequent study with 4 arms (prednisolone and
pentoxifylline with or without metadoxine) had similar conclusions
including improvement of 3- and 6-month survival.” However, it
is important to note that these were small studies with 35 or few-
er patients; therefore results should be validated in larger, multi-
centered cohorts.

S-adenosyl methionine is a direct precursor of glutathione. De-
spite promising preclinical studies, large-scale studies in human
ALD are still forthcoming.” Two randomization-controlled clinical
trials in AH patients started in 2009 (NCT00851981) and 2013
(NCT02024295), and results have not yet been published.

EPIGENETIC MODULATORS

Sulfated oxysterol (DUR-928) is a newly discovered, endoge-
nous, small regulatory molecule that modulates various nuclear
receptors that play an important regulatory role in lipid homeo-
stasis, inflammation, cell survival and tissue regeneration. In
mouse models of non-alcoholic steatohepatitis, DUR-928 admin-
istration reduced hepatic transcripts of TNF-a and monocyte che-
moattractant protein-1, and led to decreased inflammation and fi-
brosis.”® A phase-2, open-label, dose-escalation study was
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recently completed (NCT03432260), and demonstrated significant
reductions of bilirubin, MELD and Lille scores.” Another study
looking at the efficacy of DUR-928 was recently started in AH pa-
tients (NCT03917407).

BOOSTING LIVER REGENERATION

The liver possesses high regenerative capacity. This highly com-
plex process involves more than one hundred different genes,
molecules and signaling pathways as well as several cell types, al-
though involvement of certain cell types may depend on the na-
ture of injury.”*’' The complex process of liver regeneration in-
volves interplay between oval cells, bone marrow-derived
pluripotent cells as well as recruited mature immune cells like
monocytes and macrophages in the liver with participation of a
wide range of growth factors and cytokines (Fig. 1E).*

Granulocyte-colony stimulating growth factor (G-CSF) facilitates
the mobilization of immune cells from bone marrow that may aid
liver regeneration.” Several small clinical trials highlighted the im-
portance of G-CSF in patients with cirrhosis and ACLF, and re-
ported increased survival rates and liver-related scores, and de-
creased rates of infection.” A pilot clinical trial with AH patients
showed similar benefits.® Furthermore, a single center, random-
ized, double-blind clinical trial in India investigated the efficacy of
G-CSF treatment compared to placebo in steroid-nonresponsive
AH patients. This study demonstrated improved survival rates, de-
creased infection rates with reduced MELD scores, and decreased
Maddrey's discriminant function after 90 days in G-CSF treatment
group.” Several other trials are currently underway exploring G-
CSF (NCT02442180, NCT03703674, NCT04066179).

IL-22 is a pluripotent cytokine and member of the IL-10 family. It
is produced by immunocytes, but affects only parenchymal cells.
Through the Signal Transducer and Activator of Transcription 3
pathway, it displays anti-apoptotic, anti-oxidative, anti-lipogenic
and proliferative effects in hepatocytes, and promotes the pro-
duction of antimicrobial proteins.” A small, phase 2, open-label
clinical trial was recently completed in the USA including 24 AH
patients (MELD score, 11-28) to test F652, a recombinant fusion
protein of IL-22 and human immunoglobulin G2. The primary aim
of this study was to assess safety with a dose-escalation proce-
dure and evaluate the clinical response (NCT02655510). While the
results have not yet been published, a larger randomized placebo-
controlled clinical trial has been proposed (NCT01918462).

Bile acids are the physiologic ligands of farnesoid X receptor
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(FXR), a nuclear hormone receptor and master regulator of bile
acid homeostasis. Obeticholic acid (OCA) is a selective FXR ago-
nist that is 100-fold more potent than the endogenous ligands of
the receptor.” By requlating bile acid synthesis and transport, FXR
activation decreases cholestasis and toxic bile acid accumula-
tion.* Through CYP2E1 and endothelial nitric oxide synthase, it
reduces oxidative stress and portal hypertension, respectively.***
OCA also modulates carbohydrate and lipid metabolism and plays
a role in liver regeneration after injury. The hepatoprotective and
antifibrotic effects of FXR agonist therapy were recently demon-
strated in rodent models.”"**** It is worth noting that in 2018 the
Food and Drug Administration issued a “black box warning” in-
structing patients with Child-Pugh class B/C stadium or with prior
hepatic decompensation to take OCA weekly instead of daily,
since there have been reported safety issues with higher dosages
in more severe patients.” Indeed, a phase 2, placebo-controlled,
randomized clinical trial was terminated after recruiting 19 mod-
erate AH patients (MELD score, 12—19) (NCT02039219).

TARGETING THE GUT-LIVER AXIS

Excessive alcohol consumption leads to bacterial overgrowth
and changes in the composition of the intestinal microbiome in
the small and large intestine.*®*’ The impaired gut permeability
results in bacterial translocation and increased levels of bacteria
and bacterial products in systemic circulation.*® Several research-
ers have demonstrated that susceptibility to alcohol-induced liver
injury was transferrable from AH patients to mice with intestinal
microbiome transplants.”® Hence, intestinal microbiota regulation
appears critical in the pathogenesis of AH.

Recently, several researchers have tried to reverse these pro-
cesses via intestinal decontamination with antibiotics (Fig. 2). Ri-
faximin is effective against a broad spectrum of bacteria and ab-
sorbs poorly from the gut, which ensures that it acts locally.”® A
randomization-controlled, open-label trial from Denmark that in-
cluded 30 AH patients found improved levels of endotoxin, cyto-
kine, cell activation markers and metabolites as measured periodi-
cally during rifaximin administration with 90 days of follow-up
(FudraCT 2014-002264-33). The status of two currently active studies
based in Spain and South Korea are unknown (NCT02116556,
NCT02485106).

Vancomycin, Gentamicin, and Meropenem combinatory therapy
were used in another completed open-label trial in Denmark. No-
tably, these drugs have poor absorption when taken orally. The
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study involved 15 AH patients and compared them to a historical
AH cohort. The endpoints were macrophage activation measured
by sCD163 as well as endotoxin and cytokine levels (NCT03157388).

A different approach to reduce bacterial translocation driven in-
flammation is the administration of bovine colostrum, which is
abundant in different immunoglobulins and contains immuno-
globulin G antibodies against lipopolysaccharide (LPS). Bovine co-
lostrum was found effective in reducing translocation of bacterial
products and subsequent inflammatory responses in rat mod-
els.”"** Two clinical trials are currently investigating its usefulness
in the treatment of AH. In the USA, a multicenter, double-blind,
randomized clinical trial is focusing on IMM-124E, a purified hyper
immune bovine colostrum versus placebo in addition to standard
of care (i.e., corticosteroid) in the treatment of severe AH patients
(MELD score, 20-28) (NCT01968382). The primary outcome is a
reduction of endotoxin levels in patients’ circulation. Another trial
from India will evaluate 90-day survival of severe AH patients
(MELD score, >21) treated with bovine colostrum versus placebo
(NCT02473341).

An alternative attempt to protect the intestinal barrier is zinc
supplementation. Zinc is an essential element in the human body,
and ~10% of our genome codes proteins with zinc binding capac-
ity. Reduced serum zinc levels are associated with chronic alcohol
use. Zinc requlates tight junctions between intestinal epithelial
cells and controls bacterial translocation.”® Since malnutrition is
common in individuals with alcohol-related disorders, zinc supple-
mentation has been hypothesized to ameliorate leaky gut in these
patients. The combination therapy involving zinc-sulfate (with
anakinra and pentoxifylline) was discussed above.

Other approaches targeting the microbiome utilize probiotic ad-
ministration. A study with mice receiving 8 weeks of alcohol feed-
ing demonstrated that Lactobacillus rhamnosus GG administered
in the last 2 weeks of the experiment significantly reduced alco-
hol-induced hepatic inflammation and injury by attenuation of
toll-like receptor (TLR) activation and TNF-a production.54 In an
open-label, randomized, controlled pilot study with mild AH pa-
tients, researchers demonstrated that administration of probiotics
rich in Bifidobacterium and Lactobacillus for 5 days increased lev-
els of these beneficial bacteria in patients’ feces. Liver-associated
enzyme levels were also improved.”

In another open-label randomized trial in patients with compen-
sated alcoholic cirrhosis, the administration of Lactobacillus casei
Shirota for 1 month improved neutrophilic phagocytic function
and reduced TLR expression compared to baseline and non-treat-
ed patients, although soluble TNF-receptor and IL-10 levels re-
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Figure 2. Targeting the gut-liver axis. Therapeutic agents aimed at reducing intestinal inflammation-related damage and gut permeability.

mained unchanged.”

In a multicenter, randomized, controlled clinical trial, 117 pa-
tients with AH received Bacillus subtilis and Enterococcus faecium
containing probiotic treatment or placebo for 7 days. Escherichia
coli quantity in stool and endotoxemia were reduced while liver
function improved.”’

Two ongoing randomized clinical trials are investigating the im-
pact of probiotics on AH patients. One, based in the USA, is a
phase 2 study examining the efficacy and safety of Lactobacillus
rhamnosus GG and includes 130 moderate AH patients (MELD
scores, 11-20). The primary endpoint is change in MELD scores
after 30 days (NCT01922895). The other study, based in South
Korea, evaluates the effect of Lactobacillus rhamnosus R0011 and
acidophilus R0052 administration on liver enzymes, endotoxin
and cytokine levels after 7 days of treatment in 140 AH patients
(NCT02335632).

Fecal microbiota transplant (FMT) may also provide a solution
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to restore healthy intestinal flora. In an open-label pilot study with
eight male, steroid-resistant severe AH patients, fecal transplant
from healthy donors demonstrated increased survival, reduced
pathogen levels, and increased levels of beneficial bacterial strains
1 year after treatment.” These outcomes were compared to a his-
torical cohort of 18 AH patients who received standard of care.
Another open-label clinical trial compared 90-day survival in cor-
ticosteroids, pentoxifylline, nutritional therapy or FMT-treated
male AH patients. They found 38%, 30%, 29%, and 75%, re-
spectively significantly better survival in the FMT treatment group
and favorable changes in the composition of intestinal microbiota
with improved functionality.”> Another small open-label trial in
2016 also investigated the efficacy of FMT versus pentoxifylline in
steroid-ineligible severe AH patients by reversing dyshiosis
(NCT02458079). Two other open-label trials are enrolling in India
to evaluate overall survival and improvement in liver-related
scores at 3 months in FMT versus steroid-treated or nutrition-sup-
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plemented severe AH patients (NCT03091010, NCT03827772).
Duan et al.* recently identified cytolysin-secreting £nterococcus
faecalis (E. faecalis) strains as critical factors contributing to the
mortality of severe AH patients through exacerbated hepatocyte
injury and death. The authors found that patients with AH have
highly increased £. faecalis levels in their stool compared to non-
alcoholic individuals or alcohol-use disorder patients. Interestingly,
the total number of £. faecalis seems critical to the severity of liver
disease and subsequent mortality rather than the mere presence
of cytolysin-positive strains. By using humanized mice colonized
with bacteria from feces of AH patients, the researchers demon-
strated that certain bacteriophages can specifically target cytolytic
E. faecalis and decrease cytolysin in the liver and abolish ethanol-
induced liver disease. Importantly, this approach provides a meth-
od for precisely editing the intestinal microbiota.”” A clinical trial
with a larger cohort would be required to validate these findings.

MANAGING THE COMPLICATIONS

End-stage liver disease patients, particularly those with severe
AH, are characterized by increased immune activity and inflam-
mation that manifest as exhaustion of the immune system and
decreased ability to fight against bacterial infections.”' Indeed,
AH patients are highly susceptible to bacterial infections, which
ultimately culminate in organ failure and death.®’ Therefore, man-
agement of these complications and the underlying processes is a
high priority of research (Fig. 1F).

A large, phase 3, multicenter, double-blind, randomized, con-
trolled clinical trial in France is currently evaluating the benefit of
amoxicillin and clavulanic acid in addition to corticosteroids in pa-
tients with severe AH (MELD score, >21). The primary endpoint of
this study is mortality at 2 months. Secondary endpoints are re-
duction of infection, hepatorenal syndrome and ratio of patients
with MELD score <17 (NCT02281929).

Ciprofloxacin is another antibiotic that is under investigation as
an adjuvant of steroid therapy. A multicenter, randomized, open-label
clinical trial was recently completed in Finland with a goal of improv-
ing survival at 1-, 3- and 6-months after diagnosis (NCT02326103).

Terlipressin, a vasopressin analogue that can reduce vasodilata-
tion in the splanchnic area, triggers compensatory mechanisms
leading to acute kidney injury and hepatorenal syndrome. Encour-
aging results were recently published of patients with type | hepa-
torenal syndrome.”® Unfortunately, the trial that was designed
to investigate the benefits of this treatment in severe AH patients
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was prematurely ceased due to difficulties with patient recruit-
ment and the retirement of the associated primary investigator
(EudraCT 2006-002837-19).

Recently, immune checkpoint receptors have been gaining at-
tention as potential targets for restoring healthy immune respons-
es. These inhibitory receptors regulate the balance between pro-
tective immunity and host immune-mediated damage. In an ex
vivo study, Markwick et al.%® found that programmed cell death 1
(PD-1) and T cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3) expression were significantly increased in T cells
from AH patients compared to healthy controls and patients with
stable alcoholic cirrhosis. AH patients had fewer interferon-y and
more IL-10 producing T cells when stimulated with LPS compared
to T cells of other groups. Blockade of these receptors with inhibi-
tory antibodies restored normal cytokine production of T cells,
and increased neutrophil antimicrobial activities. The researchers
hypothesized that reactive immunosuppression rather than the
initial pro-inflammatory cytokine storm might be the driving force
for morbidity and mortality in AH patients, as it makes them par-
ticularly susceptible to septic episodes.® The clinical relevance of
these results requires /n vivo validation.

LIVER SUPPORT

Extracorporeal liver assist device (ELAD) is an extracorporeal
cellular therapy utilizing hepatoblastoma-derived C3A cells that
express anti-inflammatory proteins and growth factors to support
the liver. ELAD was examined in a randomized open-label trial in-
cluding 203 patients who received standard of care with or with-
out ELAD. The study did not show any survival benefits in the en-
tire severe AH population with MELD scores ranging from 18-35.
However, in a sub-group analysis of patients with MELD <28,
ELAD was associated with a non-significant trend (P=0.08) of
higher overall survival at 3 months. The authors identified elevat-
ed INR and creatinine as predictors of a negative response to this
therapy. Therefore, a new clinical trial was initiated to study the
potential benefit of ELAD in subjects with less severe renal func
tion and coagulation abnormalities.” However, this study failed its
primary endpoint (NCT02612428), and all trials were terminated.

CONCLUSIONS

Severe AH is increasingly recognized as an acute inflammatory

https://doi.org/10.3350/cmh.2020.0145 7



CLINICAL and MOLECULAR

HEPATOLOGY

2020 Sep 28. [Epub ahead of print]

syndrome with complex pathology that contributes to the com-
plex clinical picture and often life-threatening severity of disease.
At the time of this review, treatment options for AH patients are
still limited to supportive care, corticosteroids, or in limited cases,
liver transplantation. Numerous preclinical studies and early phase
clinical trials are underway to explore new therapeutic modalities
for AH.

In addition to studies discussed in this review, early data prom-
ises approaches to inhibit inflammasome activation by decreasing
uric acid levels,®® inhibition or stimulation of harmful or protective
miRNAs, respectively,®”" blockade of triggering receptors ex-
pressed on myeloid cells-1* or C-C chemokine receptors type 2
and 5.”

The recent enthusiasm of AH researchers involved in both trans-
lational and clinical studies and our understanding of the disease
pathology is expanding and supporting optimism for new phar-
macological therapies of severe AH in the near future.
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