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Alcohol-associated liver disease is a leading cause of mortality and morbidity world-
wide. Patients with alcohol-associated liver disease are often diagnosed at advanced
stage and disease spectrum including alcoholic hepatitis, a severe manifestation with a
high short-term mortality. Corticosteroid, recommended first-line treatment for
patients with alcoholic hepatitis, is a very suboptimal treatment. Although the use
of early liver transplantation has increased with consistent benefit in select patients
with alcoholic hepatitis, its use remains heterogeneous worldwide due to lack of
uniform selection criteria. Over the last decade, several therapeutic targets have
evolved of promise with ongoing clinical trials in patients with cirrhosis and alcoholic
hepatitis. Even with availability of effective medical therapies for alcohol-associated
liver disease, long-term outcome depends on abstinence from alcohol use in any
spectrum of alcohol-associated liver disease. However, alcohol use disorder treatment
remains underutilized due to several barriers even in patients with advanced disease.
There is an urgent unmet need to implement and promote integrated multidisciplinary
care model with hepatologists and addiction experts to provide comprehensive
management for these patients. In this review, we will discuss newer therapies
targeting liver disease and therapies targeting alcohol use disorder in patients with

= emerging therapies

Worldwide, approximately 1 million deaths occur due to
cirrhosis.! Alcohol-associated liver disease (ALD) contributes
to over 2 million cases of cirrhosis and 25% of deaths due to
cirrhosis.? ALD burden parallels alcohol use patterns, with
the highest burden in Europe and the lowest in Africa.?
Approximately 66.3% of the adult population in the United
States consume alcohol and 5.1% report harmful alcohol use
(> 3 drinks on any day or > 7 per week for women and >4
drinks on any day or > 14 per week for men), which is higher
than the global average of 43% of the adult population.*>
During the COVID-19 pandemic, psychological stress from
multiple factors has led to further increase in alcohol con-
sumption. This combined with diversion of resources for
taking care of COVID-19 pandemic leads to delayed care of
cirrhosis patients, resulting in accelerated increase in ALD-
related hospital admissions with severe forms of the disease,
and subsequent increase and liver transplant activity.5= As
we recover from the pandemic, we will continue to expect an
increase in the healthcare burden of ALD in the upcoming
years.’

Individuals with harmful alcohol use are at risk for the
development of ALD.'® Almost all patients with ALD have a
history of alcohol use disorder (AUD), a chronic medical
condition characterized by a pattern of alcohol use which
is diagnosed within the previous 12 months of 2 or more of
11 criteria as defined by 5th edition of Diagnostic and
Statistical Manual of Mental Disorders, with the severity of
AUD increasing with the number of criteria present in that
respective individual (~Table 1).'"? Shorter version of
Alcohol Use Disorders Identification Test (AUDIT-C) is an-
other accurate tool for use in routine clinical practice to
identify AUD, with a score 4 or more in men and 3 or more in
women diagnostic of AUD™3-15 (=Table 2). The histological
spectrum of ALD (=Fig. 1) can be an early disease with
asymptomatic alcohol-associated fatty liver (AFL) and/or

alcohol-associated liver disease.

asymptomatic AH with fibrosis up to stage 2 (FO-F2), and
advanced disease with advanced fibrosis (F3), cirrhosis (F4),
or symptomatic AH. Patients with ALD are often diagnosed at
an advanced stage and progress faster to complications as
compared with other liver diseases.'®'” Hence, it is crucial to
diagnose the disease in an early stage, as it can help ensure
timely intervention for control of risk factor of alcohol use,
and prevent long-term outcomes and development of ad-
vanced forms of ALD.'® Patients with asymptomatic disease
presenting with incidental detection of elevated liver
enzymes and/or steatosis on liver imaging should be
assessed using noninvasive serum tests and radiological
biomarkers (fibroscan or MR elastography) for risk of fibrosis
(=Fig. 1). As detailed discussion on noninvasive tests for
fibrosis risk assessment is beyond the scope of this review,
which is focused on the current and emerging therapies of
ALD targeting AUD and those targeting liver disease.

Treatment of Alcohol Use Disorder

Despite the increasing global prevalence of AUD and its
emergence as a major public health issue, it remains under-
treated. Epidemiological data for the year 2020 revealed that
out of 17.7 million adults who were reported to have harmful
alcohol use, only 4% received treatment for AUD.'® Specific to
ALD patients, a recent retrospective cohort on Veterans with
a diagnosis of cirrhosis and AUD showed that specific AUD
treatment was used in only 14% patients, with only 1.4%
treated with pharmacological therapies.'®

Complete cessation of alcohol is the cornerstone of treat-
ment for any spectrum of ALD. Abstinence can reverse the
progression of early ALD to more advanced disease.?%~%3
Among those with advanced disease, AUD treatment reduces
liver disease severity, decompensation, readmission to the
hospital, and consequently improve patient survival. For
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Table 1 Diagnostic and statistical manual vs. diagnostic criteria for alcohol use disorder (AUD)

. Alcohol is often taken in larger amounts over a longer period than was intended

. There is a persistent desire or unsuccessful efforts to cut down or control alcohol use

. A great deal of time is spent in activities necessary to obtain alcohol, use alcohol, or recover from its effects

Craving, or a strong desire or urge to use alcohol

. Recurrent alcohol use resulting in a failure at work, school, or home

oflv|s|lw|n|=

. Continued alcohol use despite having persistent or recurrent social or interpersonal problems caused or exacerbated by the
effects of alcohol

~

. Important social, occupational, or recreational activities are given up or reduced because of alcohol use

8. Recurrent alcohol use in situation in which it is physically hazardous

9. Alcohol use is continued despite knowledge of having a persistent or recurrent physical or psychological problem that is likely
to have been caused or exacerbated by alcohol

10. Tolerance, as defined by either of the following: (A) a need for markedly increased amounts of alcohol to achieve intoxication;
(B) a diminished effect with continued use

11. Withdrawal symptoms may include headaches, nausea, tremors, anxiety, hallucinations, or seizures

Note: Greater than 1 positive criterion is needed for diagnosis of AUD (moderate with >3 criteria and severe with > 5 criteria).

Table 2 Alcohol use disorders identification test—consumption (AUDIT-C) screening tool for alcohol use disorder

1. How often did you have a drink containing alcohol in the past year? Score
Never (0) | Monthly or less (1) Two or four times | Two to three times | Four or more times a week (4)
a month (2) per week (3)

2. How many drinks containing alcohol do you have in a typical day when you are drinking?
10r2(0) [3o0rd() | 50r6(2) | 7t09(3) | 10 or more (4) |

3. How often do you have six or more drinks on one occasion?

Never (0) | Less than monthly (1) | Monthly (2) Two or three times | Four or more times per week (4)
per week (3)

Note: With a maximum total score of 12, score >3 in men and above 2 in women is considered positive for harmful alcohol use.

Fig. 1 Spectrum of alcohol-associated liver disease. A (steatosis), B (steatohepatitis), C (F3 fibrosis), D (cirrhosis), E (alcoholic hepatitis). ALD,
alcohol-associated liver disease; AH, alcoholic hepatitis; HCC, hepatocellular carcinoma; CS, corticosteroids; LT, liver transplant.
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example, in a study on Veterans with AC, AUD treatment was
associated with reduction in decompensation and mortality
at 6 months from index diagnosis compared with those who
did not receive AUD treatment.?* Similar findings were
reported in another retrospective study on 388 ALD patients
from Brazil.>® In yet another study on hospitalized patients
with AC in the United States, just addressing the problem of
AUD at the time of discharge was associated with reduced 30-
day readmission to the hospital.22 In a prospective study on
hospitalized patients with severe AH, an addiction medicine
consult during the index admission reduced 30-day read-
mission rate and recurrence of AH.2 In a longer follow-up of
patients who survived the initial episode of AH, long-term
outcomes at 5 years improved with complete abstinence to
alcohol. Although those who reduced their alcohol use below
harmful limits had better outcomes compared with those
with harmful alcohol use, these patients still had an elevated
risk of dying over a long-term period.?® Although abstinence
is the ideal goal, a lower safe threshold of alcohol use after
surviving an acute decompensation of ALD remains to be
defined.?’

Pharmacotherapies for Treatment of Alcohol Use
Disorder

None of the Food and Drug Administration (FDA)-approved
medications for AUD (naltrexone, acamprosate, disulfiram)
have been evaluated in ALD patients in a randomized con-
trolled trial (=Table 3 and ~Fig. 2). In a small retrospective
cohort study of 92 patients with alcohol-associated cirrho-
sis,?® acamprosate compared with baclofen was associated
with similar AUD outcomes, and lower rates of hospital
admissions. Adverse effects were similar across groups. In
another retrospective cohort study, AUD treatment with
several relapse-prevention medications was associated
with lower likelihood of hepatic decompensation.?® Howev-
er, this study did not include a comparator arm, which is
recommended for pharmaco-epidemiologic studies to mini-
mize study bias.3? Disulfiram is not recommended in
patients with preexisting liver disease, as it undergoes
hepatic metabolism and is associated with a risk of poten-
tially fatal drug-induced hepatitis in these patients.'’3! In
another retrospective cohort study, naltrexone use in ALD
patients including those with cirrhosis was associated with
reduced complications and hospitalizations, and there were
no naltrexone-related hepatic adverse effects.3?

Of the non-FDA-approved medications, baclofen has been
studied the most in ALD. The first published RCT on 84
patients reported a twofold increase in cumulative absti-
nence duration and overall abstinence in patients treated
with baclofen.?? In another placebo-controlled randomized
trial in patients with AUD, 12 weeks of baclofen use did not
improve in abstinence or reduction in heavy drinking days.34
Arecent RCT examined 104 patients with ALD randomized to
baclofen 30 mg/day, 75 mg/day, or placebo.>> Patients ran-
domized to baclofen experienced significant benefit on time
to relapse and percentage of days abstinent; no differences
between the two doses were observed. Although other non-
FDA-approved medications have not been studied in ALD,"
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gabapentin has demonstrated benefit in reducing heavy
drinking days in a non-ALD population,®® and is generally
considered to be safe in chronic liver disease. Other potential
safe medications are topiramate and varenicline with docu-
mented hepatic safety.3”-38 Varenicline may be particularly
useful in patients with cooccurring tobacco use.>®

Acamprosate is considered first-line in ALD patients,
because it has the strongest data in RCTs in the non-ALD
population.40 The mechanism of action for acamprosate is
not fully defined, but is thought to modulate GABA and
glutamate activity in the brain, which is disrupted in AUD.
It is dosed at 666 mg three times a day (TID), which can be
challenging in those who struggle with adherence. In
patients with renal disease, if the glomerular filtration rate
(GFR) is 30 to 50, it is dosed at 333 mg TID, and if the GFR is
less than 30, it is contraindicated. The main side effects
reported are diarrhea and mood symptoms. Due to its
primarily renal clearance, it is thought to be safe in decom-
pensated cirrhosis with stable renal function. Naltrexone, an
opioid-receptor antagonist, can also be used (if not otherwise
contraindicated). It blocks the endogenous opioid system,
which is thought to mediate some of the rewarding effects of
alcohol. It is dosed at 50 mg daily, though some providers
may start at a lower dose in patients with cirrhosis due to
hepatic metabolism and higher levels of circulating serum
naltrexone.*' It has, actually, been studied in the short term
in very small studies examining cholestatic pruritus in
patients with compensated and decompensated cirrhosis,
without evidence of hepatotoxicity; however, its safety is not
fully proven in this population.*? Common side effects
include diarrhea, nausea, and changes in mood, and it is
absolutely contraindicated in patients on chronic opioids.

The non-FDA-approved medications for AUD can also be
considered in ALD."! Baclofen is a GABA receptor agonist
and is dosed at 10mg TID. Although higher doses are
sometimes used, it is unclear if there is any benefit to dose
escalation. It is well studied in ALD and can be used in both
compensated and decompensated cirrhosis. Common side
effects include fatigue, sedation, and dry mouth. Gabapentin
is dosed at 300 to 600 mg TID and should be dosed reduced if
the GFR is less than 60. It can be used to augment other anti-
craving medications when there is partial response and is
generally considered safe in compensated and decompen-
sated cirrhosis. Common side effects include headache and
fatigue. Topiramate, like acamprosate, modulates GABA and
glutamate activity in the brain. It is initially dosed at 25 mg
daily and slowly up-titrated as needed/tolerated to 150 mg
BID. Hepatoxicity is very rare with topiramate, and, when
reported, has usually been in the setting of coadministration
of valproic acid.*> Common side effects include decreased
appetite, weight loss, mental fog, and paresthesias. Finally,
varenicline, a partial agonist at the nicotinic receptor, can be
considered in patients with AUD, and particularly in those
with cooccurring tobacco use. It is dosed at 0.5 mg daily for
3 days, 0.5 mg twice daily (BID) for 3 days, and then 1 mg BID
going forward. It should be dose-reduced if the GFR is less
than 30, and hepatotoxicity is rare. Fatigue and nausea are
the main side effects reported.
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AUD screening in ALD patients with any disease spectrum
(AUDIT-C score or DSM criteria)

| Moderate to severe AUD
l (AUDIT score >15 or DSM-5 >3 criteria)

[}

Integrated multidisciplinary care model to manage liver disease
by hepatology and AUD by addiction team

Pharmacological Therapies ‘ ‘ Behavioral Therapies

Current Drugs ; .
FDA approved | Emerging Drugs

Acamprosate, Disulfiram* (Refer.to Table 1)

Naltrexone

Non-FDA approved ‘

Baclofen, Gabapentin
Topiramate

Fig. 2 Treatment of alcohol use disorder (AUD).

In light of sparse data for FDA-approved medications in ALD,
society guidelines do not unilaterally recommend their use
in patients with AUD and ALD. The American Association for
the Study of Liver Disease (AASLD) guidelines, for instance,
state, “Based on limited data, the use of acamprosate or
baclofen can be considered for the treatment of AUD in
patients with ALD.”** The American College of Gastroenter-
ology (ACG) guidelines also recommend baclofen in the
treatment of AUD in ALD, but do not recommend other
agents due to lack of evidence.*> The American Psychiatric
Association guidelines recommend against naltrexone in
patients with “acute hepatitis or hepatic failure” and do
not make any specific recommendations as to what medi-
cations can or should be used in patients with ALD.%°

In spite of strong observational data on the benefit of
treating AUD in improvement of liver-related outcomes,
treatment of AUD in clinical practice is limited by several
barriers at multiple levels. For example, patients with ALD
often are unaware of the threshold amount of alcohol which
can cause liver disease.*’~#° The perceived shame and socie-
tal stigmatization plays a key role in patients delaying or not
seeking care for AUD.?° Systemic barriers include absence of
adequate insurance coverage, lack of access to mental health
resources, geographic limitations, a national shortage of
addiction providers, logistical difficulties owing to geo-
graphical separation of hepatology and addiction medicine
practices, and absence of specific protocols for AUD moni-
toring and care.”' Finally, many providers, including hep-
atologists, do not feel comfortable prescribing medications
for AUD due to lack of specific addiction medicine training.>?
Strategies to overcome these barriers include integrated
multidisciplinary care models with hepatology and addic-
tion medicine experts that address dual pathology of liver
disease and of AUD during the same clinic encounter. In a
recently reported pilot program, an integrated care model
among candidates receiving early LT for ALD tended to
reduce recurrence of alcohol use compared with usual care
and follow-up of these patients (6.8 vs. 16.2%, p=0.21).>3
Similar results have been reported from Italy, in which a

Thakral et al.

multidisciplinary team composed of a clinical toxicologist,
hepatologist, psychiatrist, and a surgeon demonstrated low-
er mortality among patients treated by the multidisciplinary
team (p =0.02); however, there was no statistically signifi-
cant difference in the rates of relapse among the two arms
(p=0.06).>*

Management of Liver Disease

Alcohol-Associated Cirrhosis

Once patients develop cirrhosis, their management largely
revolves around preventing and treating secondary compli-
cations of cirrhosis including signs of portal hypertension
(ascites, variceal bleeding, and hepatic encephalopathy),
bacterial/fungal infections, hepatocellular carcinoma, and
sarcopenia. Patients with ALD are at particular risk of mal-
nutrition, which can exacerbate cirrhosis-related sarcopenia.
The role of nutritional deficiencies in the progression of liver
disease is unknown; however, published literature recom-
mends a daily caloric intake of 2,000 kcal with approximately
1.2 to 1.5 g/kg/day protein distributed between small meals
throughout the day, with short intervals between meals to
reduce post-absorptive catabolism.” Liver transplantation
(LT) is an approved therapeutic modality for worsening liver
disease as defined by a model for end-stage liver disease
(MELD) score of 15 or more or complicated by hepatocellular
carcinoma.’®

Alcoholic Hepatitis

Symptomatic alcoholic hepatitis (AH) is a distinct clinical
entity often characterized by rapid onset of jaundice, leuko-
cytosis, portal hypertension, and ascites in the context of
either ongoing or recent cessation of long-term harmful
alcohol use.'®7 The National Institute on Alcohol Abuse
and Alcoholism (NIAAA) clinically defines AH with the
following criteria: onset of jaundice within the past 8 weeks,
ongoing alcohol consumption of over 40 g (female) and over
60g (male) for 6 months or more, less than 60 days of
abstinence before the onset of jaundice, AST more than 50
with AST:ALT more than 1.5 (both values less than 400 IU/L),
and serum total bilirubin more than 3.0 mg/dL.>®

Current Medical Therapies

Of the pharmacological therapies, corticosteroid (predniso-
lone 40 mg/d or methylprednisolone 32 mg/d) is the only
available and recommended first-line treatment for patients
with severe AH (modified discriminant function index or
mDF more than 32 or MELD score of over 20).>°7%" Since first
published study in 1971, the results have remained contro-
versial.%2 The largest randomized controlled clinical trial, the
STOPAH (Steroids or Pentoxifylline for Alcoholic Hepatitis)
study on 1,103 patients with severe AH, demonstrated only a
modest short-term mortality benefit of prednisolone in
severe AH at 28 days in comparison to placebo (13.8 vs.
18%, p=0.056). In a multivariate regression model after
controlling for other baseline variables, prednisolone use
was associated with survival benefit at 28 days. Since then,
two meta-analyses including the STOPAH study showed
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short-term survival benefit of prednisolone at 28 days of 46
and 36%, respectively.®>%4 There was no benefit at 3 or
6 months which is mainly determined by alcohol use and
abstinence.%3:64

There are several limitations for use of corticosteroids in
clinical practice. First, as of today there are no specific
pharmacological treatments for patients with moderate
AH (MELD score 11-20), a disease with potential of up to
10% mortality within 3 months from presentation.®® Even
among severe AH patients, other than survival benefit for a
short period of 28 days, there are several other limitations of
corticosteroids in the treatment of severe AH. These include
ineligibility for corticosteroids at admission in 30 to 40% of
patients due to relative contraindications (active bacterial
infection, gastrointestinal bleeding, acute kidney injury-
hepatorenal syndrome, and poorly controlled diabetes mel-
litus); unpredictable response to treatment in 50 to 60%
patients; and risk of bacterial/fungal infections, especially
among nonresponders to treatment.® Furthermore, the
response to corticosteroids can be evaluated only after 4 to
7 days of treatment.®’

Clearly, there remains an unmet need of accurate bio-
markers which can predict steroid response at baseline, so
that treatment can be personalized to those who are likely to
respond. In a translational study on post hoc analysis of
participants enrolled in the STOPAH study, serum levels of
bacterial DNA at baseline correlated with risk of infections
after exposure to corticosteroids.®®:° There have been sev-
eral other attempts like monocyte oxidative stress with
bioenergetics and gene expression studies of genes mediat-
ing inflammation and regeneration, which have shown
encouraging data.”®~72 Although emerging literature is en-
couraging, their translation to clinical practice is limited by
lack of validation, cost, and complexity in measurement. In
this regard, a recent multicenter international study on 3,380
patients with severe AH showed interesting findings. The
study showed that corticosteroids benefit patients with
MELD over 20 as reported earlier, and this benefit is not
seen after MELD score of 51. Furthermore, the benefit is
maximum in patients with MELD score between 21 and 39
(HR: 0.61; 95% CI: 0.39-0.95; p=0.027). Corticosteroids are
currently recommended for patients with severe AH by the
ACG, European Association for the Study of Liver, and the
AASLD.>-%" Based on these data, corticosteroids can be
personalized in eligible patients with MELD score between
25 and 39 for the maximum survival benefit.

Emerging Therapeutic Targets

Aligned with the pathophysiology of AH, emerging therapies
are reviewed targeting (1) gut-liver axis, (2) hepatic inflam-
mation and fibrosis, (3) hepatic regeneration, and (4) oxida-
tive stress (~Fig. 3).

Drugs Acting on Gut-Liver Axis

Purified hyperimmune bovine colostrum (IMM-124E): Alcohol
consumption can alter gut flora by reducing the levels of
beneficial microbiota and increasing the level of harmful
microbiota (dysbiosis). Alcohol also increases gut permeabil-
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ity in ALD patients, which can induce translocation of
pathogen-associated molecular patterns (PAMPs) through
portal circulation into the liver, especially bacterial lipopoly-
saccharide (LPS). These PAMPs are recognized by the toll-like
receptor-4 on hepatic cells leading to downstream inflam-
matory signaling pathways.73 IMM-124E is an immunoglob-
ulin G against bacterial LPS and is obtained in purified form
from bovine colostrum. A pilot open-label study on 10
patients with severe AH (mean mDF: 78.1) showed improve-
ment in mDF at 8 weeks, with a mean reduction of 37.7 from
baseline, p=0.001. The survival was 90 and 70% at 1 and
3 months, respectively.”* The NIAAA consortium recently
completed a placebo-controlled randomized clinical trial
(NCT01968382), in which 56 participants with severe
AH (defined by a MELD score 20-28) were randomized in
a 1:1:1 to receive IMM 124-E 2,400 mg/day, IMM 124-E
4,800 mg/day, or placebo (in addition to prednisolone
40 mg/day for 28 days). The primary outcome of the study
was reduction in circulating endotoxin level.

Zinc: Malnutrition and zinc deficiency is observed fre-
quently in ALD patients, which can increase gastrointestinal
permeability as zinc regulates interepithelial tight junc-
tions.”>”® Zinc deficiency in the hepatic endoplasmic retic-
ulum and mitochondria induces caspase-3 and hepatocyte
apoptosis.””>’® In a recently completed NIAAA-sponsored
study in severe AH patients, zinc sulfate 220 mg BID as an
adjuvant to IL-1 receptor antagonist (anakinra) and pentox-
ifylline tended to improve 6-month patient survival com-
pared with patients treated with corticosteroids.”®

Fecal microbiota transplant (FMT): As mentioned previ-
ously, heavy alcohol consumption in ALD can lead to dys-
biosis, with reduced Bacteroides and Firmicutes species, and
increase in Actinobacteria species, Corynebacterium, Proteo-
bacteria, and Alcaligenes.® In a French study, intestinal
microbiome (IM) from patients with severe AH when given
to mice induced susceptibility to ALD. Interestingly, a subse-
quent inoculation of microbiome from a healthy donor
improved ALD changes.?’

In an open-label clinical trial of 8 patients with steroid-
refractory AH (mean MELD: 31 and Child-Turcotte-Pugh
[CTP] score: 14), FMT from a healthy blood relative as
compared with matched historical cohort of 18 patients
with severe AH (mean MELD: 27.5 and CTP: 11.7) receiving
standard of care resolved dysbiosis and a-diversity at 1 year,
which translated into improved liver disease severity and
patient survival (87.5 vs. 33.3%, p:O.OlS).82 In another
randomized open label trial in 51 patients with severe AH,
16 received FMT and remaining patients received pentoxifyl-
line (n=10), corticosteroids (n=28), or nutritional supple-
mentation (n=17). Patient survival at 90 days in the FMT
group was 75%, significantly higher than the other arms.
Patients in the FMT arm also had lower risk of hepatic
encephalopathy and of acute kidney injury at 30 days.> In
alonger-term follow-up study on 61 patients with severe AH,
35 receiving FMT versus 26 treated with standard of care had
fewer episodes of HE, infections, hospitalizations, and alco-
hol recurrence at 3 years of follow-up (28.6 vs. 53.8%,
p=0.04), with a trend for improved patient survival (65.7
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vs. 38.5%, p = 0.052).84 Interestingly, 81% of deaths in control
group were due to sepsis. A recently completed Phase I
placebo controlled randomized trial evaluated 6-month
safety data in patients with alcohol-associated cirrhosis
and harmful drinking (AUDIT 10 score >8). The study
showed reduction in serum IL-6 (p=0.02), LPS-binding
protein (p=0.04) with increased in butyrate in the FMT
arm compared with the placebo group (p =0.05). Addition-
ally, the FMT arm demonstrated significant reduction in
alcohol craving at day 15 (90 vs. 30%, p=0.02).28> Another
study from India evaluated the clinical outcomes in 61
patients with severe AH (35 FMT vs. 26 standard of care—
corticosteroids). The FMT arm had higher hyperbilirubine-
mia, MELD score, and ACLF (acute on chronic liver failure)
grade. Interestingly, the 3-year follow-up results showed
significant reduction in the incidence of ascites, HE, infec-
tions, and major hospitalization in the FMT arm (p < 0.05).
Additionally, the alcohol relapse rate was lower (28.6 vs.
53.8%) and the time to relapse was higher (413.5 vs. 224.7
days, p=0.04) in the FMT arm.3® There are several other
ongoing studies examining FMT in AH (=Table 4).

Antibiotics and probiotics: A large Phase Il randomized
controlled trial evaluated the efficacy of amoxicillin and
clavulanic acid as an adjunct to corticosteroids in patients
with severe AH on 284 patients (142 received prednisolone
plus antibiotics). Although infection at 2 months was lower
in the antibiotic group (29.7 vs. 41.5% p=0.015), adjuvant
antibiotic treatment failed to improve Lille score on day 7
(0.37 vs. 0.39, p=0.8) or 60-day survival (82.7 vs. 78.1%,
p= 0.3).87 No safety concerns were noted.

Thakral et al.

Drugs Targeting Hepatic Inflammation

TLR-4 receptor activation initiates inflammation involving
inflammasome pathway consisting of pro-interleukin-1
(IL-1) and pro-caspase-1.88 Subsequent inflammatory sig-
naling is mediated through secretion of cytokines like IL-1,
IL-6, tumor necrosis factor (TNF), etc.3? During this cascade,
chemokines, such as chemokine ligand type 2 (CCL2) and
IL-8, result in hepatic leukocyte recruitment which results in
the amplification of the inflammatory response.’°! Cellular
products released from cell death or damage-associated
molecular patterns in addition to already activated PAMP
stimulate hepatocytes and stellate cells propagating inflam-
mation and hepatic fibrosis.’?3 The end result is mitochon-
drial dysfunction and oxidative stress, which is a critical
component in the pathogenesis of AH.%*

Anakinra (IL-1 receptor inhibitor): IL-1 receptor antago-
nist, anakinra, has been successfully used in systemic in-
flammatory conditions such as rheumatoid arthritis, familial
Mediterranean fever, Stills disease, and sepsis.’® A phase 3,
double-blind, randomized trial led by the NIAAA consortium
evaluated the efficacy of anakinra in combination with
pentoxifylline and zinc in severe AH patients, and compared
with the control arm of corticosteroid-treated patients. A
total of 103 patients were evaluated (53 Anakinra, Zn, and
Pentoxifylline vs. 50 corticosteroids). The study failed to
show improvement in the 30-day and 90-day survival.
However, the 180-day survival in patients with initial
MELD scores of 20 to 25 was significantly higher than ones
with initial MELD scores of 26 to 31 (HR: 2.9, p=0.003). Both
MELD strata showed nonsignificant treatment effects in

PAMPS via LPS and
inflammasome
activation

Acetaldehyde
Cytochrome P-450
enzymes
steine.

Inflammatory
Signaling

Gut-Liver Axis

Hepatic Macrophage
< 'p =

"Anti-inflammatory

Regencrative
agents

22
G-CSF
Pro-
inflammatory
okines

Neutrophil predominant
non-inflammatory
cascade

Drugs acting on gut-liver axis

Bovine Colostrum

Zi
Lactobacillus rhamnosus

e R Hepatic Stellate Cell

e B S <

Endothelial cell
activation

Activation and laying
down of ECM

Sinusoidal Space of Disse

Fig. 3 Pathogenesis of alcohol-associated liver disease and emerging therapies targeting various pathogenesis pathways. PAMPS,
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favor of the IL-1 receptor inhibitor arm.”® There is another
ongoing trial of anakinra in combination with zinc in patients
with severe AH (=Table 5).

Canakinumab (IL-1B inhibitor): Damage-associated mo-
lecular patterns (DAMPs) from the injured hepatocytes acti-
vate serine pro-tease caspase-1(CASP-1), resulting in release
of cytokines such as IL-1B and IL-18.8° Canakinumab, a
recombinant monoclonal antibody, inhibits IL-1B, reduced
cardiovascular events over a median follow-up period of 3.7
years in a study on 10,061 patients with a history of myocar-
dial infarction. However, it was associated with a safety
concern of fatal infections.”® In a recent multicenter placebo
controlled clinical trial on 57 patients with biopsy proven AH
(mDF >32 and MELD < 27), canakinumab (N = 28) improved
liver histology (58.3 vs. 41.7%, p=0.025), but failed to
improve 28-day patient survival (93% in each group).®” There
were no drug-related safety concerns in this study.

Selonsertib: The apoptosis signal regulating kinase-1
(ASK-1) enzyme mediates multiple steps in the pathology
of AH including hepatocyte apoptosis, cytokine signaling,
and stellate cell activation. A phase 2, double-blind, random-
ized study evaluated the safety of the oral inhibitor of this
enzyme, selonsertib (GS-4997), as adjunct to prednisolone in
99 patients (51 received selonsertib) with severe AH (median
mDF: 38 and MELD: 22). Comparing intervention versus
prednisolone alone, there was no difference in treatment
response on day 7 (77.1 vs. 86.3% with Lille score < 0.45,
p=0.30) or on 28-day survival (95.7 vs. 96%, p = 1.00).%8

Emricasan: While inflammation is mediated and initiated
via caspase-1, apoptosis and necrosis are regulated by cas-
pase-8. A pan-caspase inhibitor, emricasan has shown effi-
cacy in inflammatory conditions, primarily sepsis. An NIAAA
consortium-led study exploring the efficacy of emricasan in
severe AH was discontinued after recruiting only five
patients, as a safe dosing regimen could not be reached
due to poor bioavailability of the drug. Additional studies
are needed to determine dose safety prior to evaluating its
use in the treatment of AH. In a study of 86 patients with
Child-Pugh class A or B cirrhosis (38% alcohol associated) and
MELD score 11 to 18, emricasan significantly reduced the
mean MELD (p =0.03) and Child-Pugh scores (p =0.003) in
individuals with MELD score of 15 or higher.>

Obeticholic acid: Bile acids are physiologic ligands of
farnesoid X receptor (FXR), a nuclear hormone receptor
present in the liver and small intestine. Activation of this
ligand receptor complex results in hepatoprotective effects
by regulating the lipid and bile acid metabolism, hepatic
inflammation, and nitric oxide expression in the hepatopor-
tal vasculature.'® A double-blind, placebo-controlled trial
by the NIAAA consortium (NCT02039219) has completed
recruitment in patients with moderate AH (MELD 11-20)
and is currently in Phase Il (~Table 5). The primary outcome
measures of this study are median MELD score, incidence of
serious adverse events, and change in MELD score from
baseline at 6 weeks.

Extracorporeal liver assist device (ELAD): ELAD is a form
of cellular therapy utilizing hepatoblastoma-derived
HepG2/C3A cells that express numerous anti-inflammatory
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Table 4 Emerging pharmacotherapies for the treatment of alcoholic hepatitis (drugs targeting gut-liver axis)
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transplant; GGT, gamma glutamyl transpeptidase; LT, liver transplant; MELD, model of end-stage liver disease; RCT, randomized controlled trial; SIRS, systemic inflammatory response syndrome.
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proteins and growth factors, specially increased expression
of IL-1 inhibitor. In an open-label, multicenter, randomized,
placebo-controlled trial in 203 (96 randomized to ELAD)
severe AH patients, ELAD failed to improve patient survival
at 90 days.'”" All follow-up studies were subsequently
terminated.

Drugs Targeting Hepatic Regeneration

IL-22: While the proinflammatory subset of cytokines (IL-1)
drive the systemic inflammatory response, the anti-inflam-
matory response is governed by the IL-10 group.89 IL-22, a
pluripotent cytokine within the IL-10 family, exerts hepato-
protective effects through its antiapoptotic, antioxidative,
anti-lipogenic, and proliferative effects on hepatocytes. It
also promotes production of antimicrobial proteins. A small
phase 2 dose-escalating study recruited 18 patients with
MELD scores 11 to 28 to examine the safety and efficacy of
F-652, a recombinant fusion protein of human IL-22. After
examining the three doses (10, 30, and 45ug), a dose of
45 pg/kg was found to be safe.'0?

Granulocyte colony-stimulating factor (G-CSF): Density of
neutrophils in the peripheral blood and in the liver paren-
chyma on biopsy predicts the response to corticosteroids and
is associated with improved outcomes in AH.'%® Hepatic
progenitor cells and bone marrow-derived stem cells (in-
cluding neutrophils) also promote hepatic regenera-
tion.”"1%* Data on the use of G-CSF have shown mixed
results with conflicting results. In a pilot clinical trial in
severe AH patients, G-CSF use was associated with reduction
in CTP, MELD, and DF scores at 1 and 3 months.'%® In a meta-
analysis of 7 studies on 396 patients (197 received G-CSF)
including 336 with AH, heterogeneous pooled data showed a
72% 90-day survival benefit (0.28 [0.09-0.88], p=0.03).
Benefit was from five Asian studies with a 85% improved
survival (0.85 [0.08-0.25], p < 0.001), but no benefit in two
studies from Europe (1.89 [0.90-3.98], p=0.09)."% In a
recently published “GRAFT” randomized trial on 176
patients with ACLF (52% ALD), G-CSF 5ug/kg for 5 days in
88 patients failed to improve liver disease and achieve
primary endpoint of 90-day transplant-free survival (34.1
vs. 37.5%, p=0.80).'%7 Clearly, more data are needed on the
role of G-CSF in the management of AH before recommend-
ing its routine use in clinical practice (~Table 6).

Sulfated oxysterol (DUR-928): DUR-928 (larsucosterol), a
sulfated oxysterol is an epigenetic regulator which down-
regulates inflammation and enhances regeneration, leading
to beneficial effects on lipid homeostasis, inflammation, cell
survival, and tissue regeneration.108 In a murine model,
DUR-928 decreased TNF-a and monocyte chemoattractant
protein-1, with reduction in hepatic inflammation and fi-
brosis.'® In a phase II-a, open-label, dose-escalation study,
DUR-928 infusions on days 1 and 4 in 18 patients with AH
(MELD: 11-30) were better compared with a historic control
patients treated with corticosteroids, median (95% CI) Lille
score of 0.10 (0.08-0.28) versus 0.5 (0.2-0.86), p-value less
than 0.05.'9 Similar results were shown in another study on
seven patients with AH (MELD: 21-30) receiving DUR-928
compared with 13 patients receiving standard of care.'"
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Table 6 Emerging pharmacotherapies for the treatment of alcoholic hepatitis (drugs enhancing hepatic regeneration)
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Abbreviations: AH, alcoholic hepatitis; Alk Phos, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CS, corticosteroids; DF, Maddery’s discriminant factor; G-CSF, granulocyte colony-

stimulating factor; GGT, gamma glutamyl transpeptidase; MELD, model of end-stage liver disease; MMF, mycophenolate mofetil; RCT, randomized controlled trial; TNF-o, tumor necrosis factor-a.
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Drugs Targeting Oxidative Stress
N-acetylcysteine: Oxidative stress with generation of reactive
oxygen species is multifactorial in ALD and AH including
metabolism of alcohol within hepatocytes, cellular apoptosis
and necrosis, hepatic inflammation, and mitochondrial dys-
function.""" In a double-blind randomized controlled trial in
patients with severe AH, use of antioxidant N-acetylcysteine
(NAC) as an adjunct to corticosteroids as compared with
steroids alone improved short-term patient survival at
1 month (92 vs. 76%, p=0.006), but the drug failed to
meet the primary end-point of improvement in 6-month
survival. There was lower risk of infection and of hepatorenal
syndrome with the use of NAC.?? Similar data have been
reported by other clinical trials.#% 112113

Metadoxine: Metadoxine is an ionized salt composed of
pyrrolidone carboxylate and pyridoxine. Pyrrolidine carbox-
ylate facilitates ATP synthesis by stimulating the “de novo”
synthesis of the purine nucleotide.''® In addition, pyridoxine
is a precursor of various coenzymes including pyridoxal
5'-phosphate, which enhances the metabolic breakdown of
ethanol and prevents ATP inactivation by acetaldehyde. Two
Mexico-based randomized placebo-controlled trials evalu-
ated metadoxine as adjunct to corticosteroids in AH patients.
Metadoxine as compared with placebo significantly im-
proved patient survival at 30 and 90 days, with a decrease
in the incidence of encephalopathy and hepatorenal syn-
drome. However, both studies were limited with a small
sample size of less than 50 each. Data from ongoing studies
are awaited to validate these findings before recommending
its use in AH patients (=Table 7).

Metabolic Targets

Alcohol induces hepatic steatosis through multiple mech-
anisms including augmenting lipolysis of adipose tis-
sues.'1>116 Accumulation of complex lipids such as
ceramides and alcohol-mediated adipose tissue inflamma-
tion induces impaired glucose metabolism and insulin
resistance. Learning from the NASH therapeutics land-
scape, several therapies targeting lipid and glucose me-
tabolism have application in ALD."" For example, de novo
lipogenesis can be targeted including inhibition of rate-
limiting enzyme acetyl-coenzyme A, fatty acid synthase,
stearoyl-coenzyme A desaturase-1, and diacylglycerol
acyltransferase. Agonists of nuclear receptors peroxisome
proliferator-activated receptors such as elafibranor and
saroglitazar and those of fibroblastic growth factors such
as pegbelfermin can reduce lipogenesis by augmentation
of B oxidation of fatty acids. Inhibition of ceramide syn-
thesis, GLP-1, and GIP improves insulin resistance and
targeting hepatocyte nuclear factor-a improves glucose
uptake by the hepatocytes in patients with severe AH.'"8

Liver Transplant in Severe Alcoholic
hepatitis

ALD is an acceptable indication for LT with excellent long-
term posttransplant graft and patient survival”®''? A
period of 6 months of abstinence was recommended to
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allow for recovery of liver function from the acute effects of
alcohol intake. However, this has been since used as a
criterion before considering an ALD patient for LT. Because
of very high short-term mortality in most severe forms of
AH, this 6-month abstinence rule cannot be applied to these
patients. Several studies have shown that “6-month rule” is
not a strong predictor of recurrence of alcohol use after LT.
In a systematic review, more important predictors were
social support, psychiatric comorbidities, previous failed
rehabilitation attempt, and younger age.>> Based on these
data, the 6-month rule was challenged in a Franco-Belgian
study in which an early liver transplant (eLT) improved
6-month survival in 26 select severe AH patients compared
with 26 who were not selected for eLT (77 vs. 23%,
p <0.001).> Since then, several retrospective and prospec-
tive studies have confirmed this benefit of eLT in ALD
patients with less than 6 months of abstinence.'?9-122 In
the seminal Franco-Belgian study, recurrent alcohol use
occurred in 3 of 26 patients at 2 years of follow-up, with
only one patient reporting harmful alcohol use.®® In a meta-
analysis of eight studies, recurrent alcohol use was 14% at
2 years of follow-up after eLT, with no difference comparing
eLT in ALD versus traditional LT after a minimum of
6 months of abstinence.®®

Despite promising results and increasing awareness and
enthusiasm for eLT in ALD patients, its use remains hetero-
geneous across centers and providers. One of the main
reasons is lack of uniform protocol and selection criteria
for this therapy.'?> A recent survey showed that of 3,290 LTs
performed from 2015 to 2020 at 11 major transplant centers,
45 (1.4%) were performed for severe AH.1# Although this
impacts very little on the donor pool with approximately 138
LT performed for AH in 2019 in the United States,'?? it
potentially can negatively impact organ donation as public
surveys have shown reluctance to allocate a deceased donor
from public pool to an ALD patient who is actively consuming
alcohol.'>128 A recent prospective nonrandomized non-
inferiority controlled study recruited patients (68 severe AH
receiving eLT, 47 severe AH not selected for eLT, and 93
receiving LT for ALD cirrhosis with > 6 months of abstinence)
from 19 centers in France and Belgium. The selection process
used an objective point scoring system based on medical and
addiction criteria, with patient selection at>220 of maxi-
mum 250 points. After 2 years, patient survival was 73%
better with eLT versus no LT in severe AH, 0.27 (0.16-0.47),
and similar to traditional LT, 0.87 (0.33-2.26). However,
noninferiority on recurrence of alcohol use could not be
documented (34 vs. 25%), and harmful alcohol use was
higher with eLT group (22 vs. 5%) with over fourfold relative
risk, 4.10 (1.56-10.75)."%° Clearly, multicenter prospective
consortia and studies are needed as a basis for developing
uniform protocol and criteria for patient selection for eLT in
patients with ALD.

Summary and Conclusion

ALD remains one of the leading causes of liver disease
worldwide, and the disease burden is increasing
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particularly since the COVID-19 pandemic. Screening for
alcohol use should be performed at every medical encoun-
ter and those at high risk should be screened for ALD, to
implement measures to control the risk factor and prevent
development of advanced forms of cirrhosis and AH. Cur-
rent pharmacological treatment with corticosteroids for
severe AH is a very suboptimal treatment. eLT among
individuals with severe forms of ALD and AH who have
not yet attained 6 months of abstinence is a salvage option
in highly select patients. Over the last decade, several novel
targets have been identified, with completed or ongoing
clinical trials in ALD patients. Even with availability of
effective medical therapies for ALD, long-term outcome
depends on abstinence from alcohol use in any spectrum
of ALD. However, AUD treatment remains underutilized due
to several barriers even in patients with advanced disease. It
is time that physicians recognize dual pathology in ALD
patients of liver disease and of AUD, with a need for an
integrated multidisciplinary care model with hepatologists
and addiction experts to provide comprehensive manage-
ment for these patients.

Lay Summary

ALD is a leading cause of end-stage liver disease worldwide. It
represents the sequelae of alcohol use in the liver, and
represents a spectrum that ranges from fatty liver to pro-
gressive forms of AH, cirrhosis, and its complications. Alco-
holic hepatitis is characterized by rapidly progressive
jaundice in the context of recent alcohol use and carries a
high short-term mortality. Currently, corticosteroid is the
mainstay for treatment of this condition, with LT available to
a select few patients. Here we comprehensively review
various therapies in the pipeline targeting liver disease and
those targeting treatment of AUD.

References

Asrani SK, Devarbhavi H, Eaton ], Kamath PS. Burden of liver

diseases in the world. ] Hepatol 2019;70(01):151-171

Singal AK, Mathurin P. Diagnosis and treatment of alcohol-

associated liver disease: a review. JAMA 2021;326(02):

165-176

Chacko KR, Reinus J. Spectrum of alcoholic liver disease. Clin

Liver Dis 2016;20(03):419-427

World Health Organization. Global Status Report on Alcohol and

Health 2018. World Health Organization 2018. Accessed July 2,

2022 at: https://apps.who.int/iris/handle/10665/274603

Boersma P, Villarroel MA, Vahratian A. Heavy drinking among U.-

S. adults, 2018. NCHS Data Brief 2020;(374):1-8

Pollard MS, Tucker JS, Green HD Jr. Changes in adult alcohol use

and consequences during the COVID-19 pandemic in the US.

JAMA Netw Open 2020;3(09):e2022942

7 Shaheen AA, Kong K, Ma C, et al. Impact of the COVID-19

pandemic on hospitalizations for alcoholic hepatitis or cirrhosis

in Alberta, Canada. Clin Gastroenterol Hepatol 2022;20(05):

e1170-e1179

Cholankeril G, Goli K, Rana A, et al. Impact of COVID-19 pandemic

on liver transplantation and alcohol-associated liver disease in

the USA. Hepatology 2021;74(06):3316-3329

9 Julien J, Ayer T, Tapper EB, Barbosa C, Dowd WN, Chhatwal J.
Effect of increased alcohol consumption during COVID-19 pan-

N

w

N

[G]

(o))

[}

Thakral et al.

demic on alcohol-associated liver disease: a modeling study.
Hepatology 2022;75(06):1480-1490

10 Singal AK, Kodali S, Vucovich LA, Darley-Usmar V, Schiano TD.
Diagnosis and treatment of alcoholic hepatitis: a systematic
review. Alcohol Clin Exp Res 2016;40(07):1390-1402

11 Arab JP, Izzy M, Leggio L, Bataller R, Shah VH. Management of
alcohol use disorder in patients with cirrhosis in the setting of
liver transplantation. Nat Rev Gastroenterol Hepatol 2022;19
(01):45-59

12 Asken M]J, Grossman D, Christensen LW. American Psychiatric
Association. Diagnostic and Statistical Manual of Mental Disor-
ders. Arlington, VA: American Psychiatric Publishing; 2013

13 Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The
AUDIT alcohol consumption questions (AUDIT-C): an effective
brief screening test for problem drinking. Ambulatory Care
Quality Improvement Project (ACQUIP). Alcohol Use Disorders
Identification Test. Arch Intern Med 1998;158(16):1789-1795

14 Bradley KA, DeBenedetti AF, Volk R], Williams EC, Frank D,
Kivlahan DR. AUDIT-C as a brief screen for alcohol misuse in
primary care. Alcohol Clin Exp Res 2007;31(07):1208-1217

15 Frank D, DeBenedetti AF, Volk R], Williams EC, Kivlahan DR,
Bradley KA. Effectiveness of the AUDIT-C as a screening test for
alcohol misuse in three race/ethnic groups. ] Gen Intern Med
2008;23(06):781-787

16 Shah ND, Ventura-Cots M, Abraldes ]G, et al. Alcohol-related liver
disease is rarely detected at early stages compared with liver
diseases of other etiologies worldwide. Clin Gastroenterol Hep-
atol 2019;17(11):2320-2329.e12

17 Shoreibah M, Raff E, Bloomer ], et al. Alcoholic liver disease
presents at advanced stage and progresses faster compared to
non-alcoholic fatty liver disease. Ann Hepatol 2016;15(02):
183-189

18 2020 National Survey of Drug Use and Health (NSDUH) Releases |
CBHSQ Data. Accessed July 6, 2022 at: https://www.samhsa.-
gov/data/release/2020-national-survey-drug-use-and-health-
nsduh-releases

19 Harris AHS, Oliva E, Bowe T, Humphreys KN, Kivlahan DR, Trafton
JA. Pharmacotherapy of alcohol use disorders by the Veterans
Health Administration: patterns of receipt and persistence.
Psychiatr Serv 2012;63(07):679-685

20 Louvet A, Labreuche ], Artru F, et al. Main drivers of outcome
differ between short term and long term in severe alcoholic
hepatitis: a prospective study. Hepatology 2017;66(05):
1464-1473

21 Altamirano J, Ldpez-Pelayo H, Michelena ], et al. Alcohol absti-
nence in patients surviving an episode of alcoholic hepatitis:
prediction and impact on long-term survival. Hepatology 2017;
66(06):1842-1853

22 Singal AK, DiMartini A, Leggio L, Arab JP, Kuo YF, Shah VH.
Identifying alcohol use disorder in patients with cirrhosis
reduces 30-days readmission rate. Alcohol Alcohol 2022;57
(05):576-580

23 Lackner C, Spindelboeck W, Haybaeck ], et al. Histological
parameters and alcohol abstinence determine long-term prog-
nosis in patients with alcoholic liver disease. ] Hepatol 2017;66
(03):610-618

24 Pearson MM, Kim NJ, Berry K, et al. Associations between alcohol
use and liver-related outcomes in a large national cohort of
patients with cirrhosis. Hepatol Commun 2021;5(12):2080-2095

25 Santos SGRD, Mattos AA, Guimardes MM, Boger BS, Coral GP.
Alcohol consumption influences clinical outcome in patients
admitted to a referral center for liver disease. Ann Hepatol 2018;
17(03):470-475

26 Peeraphatdit TB, Kamath PS, Karpyak VM, et al. Alcohol rehabili-
tation within 30 days of hospital discharge is associated with
reduced readmission, relapse, and death in patients with alco-
holic hepatitis. Clin Gastroenterol Hepatol 2020;18(02):
477-485.e5

Seminars in Liver Disease  Vol. 43 No. 1/2023 © 2022. Thieme. All rights reserved.

73

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://apps.who.int/iris/handle/10665/274603
https://www.samhsa.gov/data/release/2020-national-survey-drug-use-and-health-nsduh-releases
https://www.samhsa.gov/data/release/2020-national-survey-drug-use-and-health-nsduh-releases
https://www.samhsa.gov/data/release/2020-national-survey-drug-use-and-health-nsduh-releases

74 Novel Agents in Alcohol-Associated Liver Disease and Alcohol Use Disorders

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Seminars in Liver Disease

Abdallah M, Elfeki MA, Leggio L, Singal AK. Simultaneous manage-
ment of alcohol use disorder and of liver disease: a systematic
review and meta-analysis. ] Addict Med 2022; Epub ahead of print
Tyson LD, Cheng A, Kelleher C, et al. Acamprosate may be safer
than baclofen for the treatment of alcohol use disorder in
patients with cirrhosis: a first description of use in real-world
clinical practice. Eur ] Gastroenterol Hepatol 2022;34(05):
567-575

Vannier AGL, Shay JES, Fomin V, et al. Incidence and progression
of alcohol-associated liver disease after medical therapy for
alcohol use disorder. JAMA Netw Open 2022;5(05):e2213014
Lund ]JL, Richardson DB, Stiirmer T. The active comparator, new
user study design in pharmacoepidemiology: historical founda-
tions and contemporary application. Curr Epidemiol Rep 2015;2
(04):221-228

Skinner MD, Lahmek P, Pham H, Aubin HJ. Disulfiram efficacy in
the treatment of alcohol dependence: a meta-analysis. PLoS One
2014;9(02):e87366

Ayyala D, Bottyan T, Tien C, et al. Naltrexone for alcohol use
disorder: hepatic safety in patients with and without liver
disease. Hepatol Commun 2022; Epub ahead of print
Addolorato G, Leggio L, Ferrulli A, et al. Effectiveness and safety
of baclofen for maintenance of alcohol abstinence in alcohol-
dependent patients with liver cirrhosis: randomised, double-
blind controlled study. Lancet 2007;370(9603):1915-1922
Leggio L, Ferrulli A, Zambon A, et al. Baclofen promotes alcohol
abstinence in alcohol dependent cirrhotic patients with hepati-
tis C virus (HCV) infection. Addict Behav 2012;37(04):561-564
Morley KC, Baillie A, Fraser I, et al. Baclofen in the treatment of
alcohol dependence with or without liver disease: multisite,
randomised, double-blind, placebo-controlled trial. Br J Psychi-
atry 2018;212(06):362-369

Kranzler HR, Feinn R, Morris P, Hartwell EE. A meta-analysis of
the efficacy of gabapentin for treating alcohol use disorder.
Addiction 2019;114(09):1547-1555

Blodgett JC, Del Re AC, Maisel NC, Finney JW. A meta-analysis of
topiramate’s effects for individuals with alcohol use disorders.
Alcohol Clin Exp Res 2014;38(06):1481-1488

Gandhi KD, Mansukhani MP, Karpyak VM, Schneekloth TD, Wang
Z, Kolla BP. The impact of varenicline on alcohol consumption in
subjects with alcohol use disorders: systematic review and
meta-analyses. ] Clin Psychiatry 2020;81(02):19r12924
O'Malley SS, Zweben A, Fucito LM, et al. Effect of varenicline
combined with medical management on alcohol use disorder
with comorbid cigarette smoking: a randomized clinical trial.
JAMA Psychiatry 2018;75(02):129-138

Jonas DE, Amick HR, Feltner C, et al. Pharmacotherapy for
adults with alcohol use disorders in outpatient settings: a
systematic review and meta-analysis. JAMA 2014;311(18):
1889-1900

Bertolotti M, Ferrari A, Vitale G, et al. Effect of liver cirrhosis on
the systemic availability of naltrexone in humans. ] Hepatol
1997;27(03):505-511

Wolfhagen FH, Sternieri E, Hop WC, Vitale G, Bertolotti M, Van
Buuren HR. Oral naltrexone treatment for cholestatic pruritus: a
double-blind, placebo-controlled study. Gastroenterology 1997;
113(04):1264-1269

Topiramate. In: LiverTox: Clinical and Research Information on
Drug-Induced Liver Injury. National Institute of Diabetes and
Digestive and Kidney Diseases 2012. Accessed July 29, 2022 at:
http://www.ncbi.nlm.nih.gov/books/NBK548632/

Crabb DW, Im GY, Szabo G, Mellinger JL, Lucey MR. Diagnosis and
treatment of alcohol-associated liver diseases: 2019 practice
guidance from the American Association for the Study of Liver
Diseases. Hepatology 2020;71(01):306-333

Singal AK, Bataller R, Ahn ], Kamath PS, Shah VH. ACG Clinical
Guideline: alcoholic liver disease. Am ] Gastroenterol 2018;113
(02):175-194

Vol. 43 No. 1/2023 © 2022. Thieme. All rights reserved.

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Thakral et al.

Reus VI, Fochtmann LJ, Bukstein O, et al. The American Psychiat-
ric Association Practice Guideline for the pharmacological treat-
ment of patients with alcohol use disorder. Am ] Psychiatry
2018;175(01):86-90

DiMartini AF, Leggio L, Singal AK. Barriers to the management
of alcohol use disorder and alcohol-associated liver disease:
strategies to implement integrated care models. Lancet Gastro-
enterol Hepatol 2022;7(02):186-195. DOI: https://doi.org/
10.1016/S2468-1253(21)00191-6

Chartier KG, Miller K, Harris TR, Caetano R. A 10-year study of
factors associated with alcohol treatment use and non-use in
a US. population sample. Drug Alcohol Depend 2016;
160:205-211

Probst C, Manthey ], Martinez A, Rehm ]. Alcohol use disorder
severity and reported reasons not to seek treatment: a cross-
sectional study in European primary care practices. Subst Abuse
Treat Prev Policy 2015;10(01):32

Schuler MS, Puttaiah S, Mojtabai R, Crum RM. Perceived barriers
to treatment for alcohol problems: a latent class analysis.
Psychiatr Serv 2015;66(11):1221-1228

DiMartini AF, Leggio L, Singal AK. Barriers to the management of
alcohol use disorder and alcohol-associated liver disease: strat-
egies toimplement integrated care models. Lancet Gastroenterol
Hepatol 2022;7(02):186-195

Im GY, Mellinger JL, Winters A, et al. Provider attitudes and
practices for alcohol screening, treatment, and education in
patients with liver disease: a survey from the American Associ-
ation for the Study of Liver Diseases Alcohol-Associated Liver
Disease Special Interest Group. Clin Gastroenterol Hepatol 2021;
19(11):2407-2416.e8

Carrique L, Quance ], Tan A, et al. Results of early transplantation
for alcohol-related cirrhosis: integrated addiction treatment
with low rate of relapse. Gastroenterology 2021;161(06):
1896-1906.e2

Magistri P, Marzi L, Guerzoni S, et al. Impact of a multidisciplin-
ary team on alcohol recidivism and survival after liver transplant
for alcoholic disease. Transplant Proc 2019;51(01):187-189
Dasarathy S. Nutrition and alcoholic liver disease: effects of
alcoholism on nutrition, effects of nutrition on alcoholic liver
disease, and nutritional therapies for alcoholic liver disease. Clin
Liver Dis 2016;20(03):535-550

Martin P. Evaluation for Liver Transplantation in Adults: 2013
Practice Guideline by the AASLD and the American Society of
Transplantation. Published online 2013:98

Singal AK, Kamath PS, Gores GJ, Shah VH. Alcoholic hepatitis:
current challenges and future directions. Clin Gastroenterol
Hepatol 2014;12(04):555-564, quiz e31-e32

Crabb DW, Bataller R, Chalasani NP, et al; NIAAA Alcoholic
Hepatitis Consortia. Standard definitions and common data
elements for clinical trials in patients with alcoholic hepatitis:
recommendation from the NIAAA Alcoholic Hepatitis Consortia.
Gastroenterology 2016;150(04):785-790

Singal AK, Bataller R, Ahn |, Kamath PS, Shah VH. ACG Clinical
Guideline: alcoholic liver disease. Off ] Am Coll Gastroenterol
2018;113(02):175-194

European Association for the Study of the Liver. Electronic
address: easloffice@easloffice.eu European Association for the
Study of the Liver. EASL Clinical Practice Guidelines: manage-
ment of alcohol-related liver disease. ] Hepatol 2018;69(01):
154-181

Diagnosis and Treatment of Alcohol-Associated Liver Diseases.
2019 Practice Guidance from the American Association for the
Study of Liver Diseases - Crabb - 2020 - Hepatology - Wiley
Online Library. Accessed July 28, 2022 at: https://aasldpubs.
onlinelibrary.wiley.com/doi/full/10.1002/hep.30866

Singal AK, Walia I, Singal A, Soloway RD. Corticosteroids and
pentoxifylline for the treatment of alcoholic hepatitis: current
status. World ] Hepatol 2011;3(08):205-210

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


http://www.ncbi.nlm.nih.gov/books/NBK548632/
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep.30866
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep.30866

63

64

65

66

67

68

69

70

7

72

73

74

75

76

77

78

79

80

Novel Agents in Alcohol-Associated Liver Disease and Alcohol Use Disorders

Singh S, Murad MH, Chandar AK, et al. Comparative effectiveness
of pharmacological interventions for severe alcoholic hepatitis:
a systematic review and network meta-analysis. Gastroenterol-
ogy 2015;149(04):958-70.e12

Louvet A, Thursz MR, Kim D], et al. Corticosteroids reduce risk of
death within 28 days for patients with severe alcoholic hepatitis,
compared with pentoxifylline or placebo-a meta-analysis of
individual data from controlled trials. Gastroenterology 2018;
155(02):458-468.e8

Mathurin P, Moreno C, Samuel D, et al. Early liver transplantation
for severe alcoholic hepatitis. N Engl ] Med 2011;365(19):
1790-1800

Louvet A, Wartel F, Castel H, et al. Infection in patients with
severe alcoholic hepatitis treated with steroids: early response
to therapy is the key factor. Gastroenterology 2009;137(02):
541-548

Louvet A, Naveau S, Abdelnour M, et al. The Lille model: a new
tool for therapeutic strategy in patients with severe alcoholic
hepatitis treated with steroids. Hepatology 2007;45(06):
1348-1354

Vergis N, Atkinson SR, Knapp S, et al. In patients with severe
alcoholic hepatitis, prednisolone increases susceptibility to in-
fection and infection-related mortality, and is associated with
high circulating levels of bacterial DNA. Gastroenterology 2017;
152(05):1068-1077.e4

Singal AK, Shah VH, Kamath PS. Infection in severe alcoholic
hepatitis: yet another piece in the puzzle. Gastroenterology
2017;152(05):938-940

Singal AK, Chacko B, Darley-Usmar V. Cellular Bioenergetics: A
Promising Biomarker in Management of Patients with Alcoholic
Liver Disease. In: Hepatology. Vol 66 92A. Accessed November 12,
2022 at: https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/
hep.29500

Singal AK, Bailey SM. Cellular abnormalities and emerging
biomarkers in alcohol-associated liver disease. Gene Expr
2018;19(01):49-60

Sharma S, Maras JS, Das S, et al. Pre-therapy liver transcriptome
landscape in Indian and French patients with severe alcoholic
hepatitis and steroid responsiveness. Sci Rep 2017;7(01):6816
Keshavarzian A, Farhadi A, Forsyth CB, et al. Evidence that
chronic alcohol exposure promotes intestinal oxidative stress,
intestinal hyperpermeability and endotoxemia prior to devel-
opment of alcoholic steatohepatitis in rats. ] Hepatol 2009;50
(03):538-547

Sidhu S, Goyal O, Gupta A, Kishore H, Gupta A. Corticosteroids
and bovine colostrum in treatment of alcoholic hepatitis ‘in
extremis’: a pilot study. ] Clin Exp Hepatol 2015;5:519-S20
Singal AK, Charlton MR. Nutrition in alcoholic liver disease. Clin
Liver Dis 2012;16(04):805-826

Moran JR, Lewis JC. The effects of severe zinc deficiency on
intestinal permeability: an ultrastructural study. Pediatr Res
1985;19(09):968-973

Zhong W, Zhao Y, Sun X, Song Z, McClain CJ, Zhou Z. Dietary zinc
deficiency exaggerates ethanol-induced liver injury in mice:
involvement of intrahepatic and extrahepatic factors. PLoS
One 2013;8(10):e76522

Sun Q, Zhong W, Zhang W, et al. Zinc deficiency mediates
alcohol-induced apoptotic cell death in the liver of rats through
activating ER and mitochondrial cell death pathways. Am ]
Physiol Gastrointest Liver Physiol 2015;308(09):G757-G766
IL-1 receptor antagonist in combination with pentoxifylline and
zinc for severe alcoholic hepatitis. A multicenter randomized
double-bind placebo-controlled clinical trial. Hepatology 2018;
68(06):1444A-1471A

Bull-Otterson L, Feng W, Kirpich I, et al. Metagenomic analyses of
alcohol induced pathogenic alterations in the intestinal micro-
biome and the effect of Lactobacillus rhamnosus GG treatment.
PLoS One 2013;8(01):e53028

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Seminars in Liver Disease

Thakral et al.

Llopis M, Cassard AM, Wrzosek L, et al. Intestinal microbiota
contributes to individual susceptibility to alcoholic liver disease.
Gut 2016;65(05):830-839

Philips CA, Pande A, Shasthry SM, et al. Healthy donor fecal
microbiota transplantation in steroid-ineligible severe alcoholic
hepatitis: a pilot study. Clin Gastroenterol Hepatol 2017;15(04):
600-602

Philips CA, Phadke N, Ganesan K, Ranade S, Augustine P. Cortico-
steroids, nutrition, pentoxifylline, or fecal microbiota transplan-
tation for severe alcoholic hepatitis. Indian ] Gastroenterol 2018;
37(03):215-225

Philips CA, Abduljaleel JK, Zulfikar RA, Rajesh S, Augustine P.
Three Year Follow-up of Alcohol-Related hepatitis Patients Un-
dergoing Healthy Donor Fecal Transplant: Analysis of Clinical
Outcomes, Relapse, Gut Microbiota and Comparisons with Stan-
dard Care. Vol 74 Hoboken, NJ: Wiley; 2021:8A-9A

Bajaj JS, Gavis EA, Fagan A, et al. A randomized clinical trial of
fecal microbiota transplant for alcohol use disorder. Hepatology
2021;73(05):1688-1700

Philips CA, Ahamed R, Rajesh S, Abduljaleel JKP, Augustine P.
Long-term outcomes of stool transplant in alcohol-associated
hepatitis - analysis of clinical outcomes, relapse, gut microbiota
and comparisons with standard care. ] Clin Exp Hepatol 2022;12
(04):1124-1132

Louvet A, Labreuche ], Dao T, et al. Combination of
Amoxicillin/Clavulanate and Prednisolone in Severe Alcoholic
Hepatitis: Results of the Randomized Controlled Trial Antibiocor.
Vol 75 Amsterdam, The Netherlands: Elsevier; 2021:5201-S202
Schroder K, Tschopp J. The inflammasomes. Cell 2010;140(06):
821-832

Szabo G, Petrasek ]. Gut-liver axis and sterile signals in the
development of alcoholic liver disease. Alcohol Alcohol 2017;
52(04):414-424

Afford SC, Fisher NC, Neil DA, et al. Distinct patterns of chemo-
kine expression are associated with leukocyte recruitment in
alcoholic hepatitis and alcoholic cirrhosis. J Pathol 1998;186
(01):82-89

Taieb J, Delarche C, Paradis V, et al. Polymorphonuclear neutro-
phils are a source of hepatocyte growth factor in patients with
severe alcoholic hepatitis. ] Hepatol 2002;36(03):342-348

Yiu JHC, Dorweiler B, Woo CW. Interaction between gut micro-
biota and toll-like receptor: from immunity to metabolism. ] Mol
Med (Berl) 2017;95(01):13-20

Szabo G, Mandrekar P. A recent perspective on alcohol, immuni-
ty, and host defense. Alcohol Clin Exp Res 2009;33(02):220-232
Louvet A, Mathurin P. Alcoholic liver disease: mechanisms of
injury and targeted treatment. Nat Rev Gastroenterol Hepatol
2015;12(04):231-242

Dinarello CA, Simon A, van der Meer JWM. Treating inflamma-
tion by blocking interleukin-1 in a broad spectrum of diseases.
Nat Rev Drug Discov 2012;11(08):633-652

Antiinflammatory Therapy with Canakinumab for Atheroscle-
rotic Disease | NEJM. Accessed April 17, 2022 at: https://www.
nejm.org/doi/full/10.1056/nejmoa1707914

Vergis N, Patel V, Bogdanowicz K, et al. IL-1Beta Signal Inhibition
in Acute Alcoholic Hepatitis: A Multicentre, Randomised, Dou-
ble-Blind, Placebo-Controlled Phase 2 Trial of Canakinumab
Therapy (ISAIAH). Vol 7 Elsevier Publications; 2022:535-537
Mathurin P, Dufour JF, Bzowej NH, et al. Selonsertib in Combina-
tion with Prednisolone for the Treatment of Severe Alcoholic
Hepatitis: A Phase 2 Randomized Controlled Trial. Vol 68 Hobo-
ken, NJ: Wiley; 2018:8A-9A

Frenette CT, Morelli G, Shiffman ML, et al. Emricasan improves
liver function in patients with cirrhosis and high model for end-
stage liver disease scores compared with placebo. Clin Gastro-
enterol Hepatol 2019;17(04):774-783.e4

Verbeke L, Farre R, Trebicka ], et al. Obeticholic acid, a farnesoid
X receptor agonist, improves portal hypertension by two

Vol. 43 No. 1/2023 © 2022. Thieme. All rights reserved.

75

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.29500
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.29500
https://www.nejm.org/doi/full/10.1056/nejmoa1707914
https://www.nejm.org/doi/full/10.1056/nejmoa1707914

76

Novel Agents in Alcohol-Associated Liver Disease and Alcohol Use Disorders

101

102

103

104

105

106

107

108

109

110

111

112

13

Seminars in Liver Disease

distinct pathways in cirrhotic rats. Hepatology 2014;59(06):
2286-2298

Thompson J, Jones N, Al-Khafaji A, et al; VTI-208 Study Group.
Extracorporeal cellular therapy (ELAD) in severe alcoholic hep-
atitis: a multinational, prospective, controlled, randomized trial.
Liver Transpl 2018;24(03):380-393

Arab JP, Sehrawat TS, Simonetto DA, et al. An open-label, dose-
escalation study to assess the safety and efficacy of IL-22 agonist
F-652 in patients with alcohol-associated hepatitis. Hepatology
2020;72(02):441-453

Forrest EH, Storey N, Sinha R, et al; STOPAH NLR Group. Baseline
neutrophil-to-lymphocyte ratio predicts response to cortico-
steroids and is associated with infection and renal dysfunction
in alcoholic hepatitis. Aliment Pharmacol Ther 2019;50(04):
442-453

Altamirano ], Miquel R, Katoonizadeh A, et al. A histologic scoring
system for prognosis of patients with alcoholic hepatitis. Gastro-
enterology 2014;146(05):1231-9.e1, 6

Shasthry SM, Sharma MK, Shasthry V, Pande A, Sarin SK. Efficacy
of granulocyte colony-stimulating factor in the management of
steroid-nonresponsive severe alcoholic hepatitis: a double-blind
randomized controlled trial. Hepatology 2019;70(03):802-811
Marot A, Dubois M, Trépo E, Moreno C, Deltenre P. Liver trans-
plantation for alcoholic hepatitis: a systematic review with
meta-analysis. PLoS One 2018;13(01):e0190823

Engelmann C, Herber A, Franke A, et al. Granulocyte-colony
stimulating factor (G-CSF) to treat acute-on-chronic liver failure:
amulticenter randomized trial (GRAFT study). ] Hepatol 2021;75
(06):1346-1354

Kim M], Lin WQ. DUR-928, an endogenous regulatory molecule,
exhibits anti-inflammatory and antifibrotic activity in a mouse
model of NASH. Poster session presented at: AASLD’s Emerging
Trends in NAFLD; March 17-18, 2017. DURECT Corporation.
Accessed April 17, 2022 at: https://www.durect.com/pipeline/
larsucosterol/publications/

Hassanein T, Stein LL, Flamm SL, et al. Safety and efficacy of DUR-
928: a potential new therapy for acute alcoholic hepatitis.
Hepatology 2019;70(06):1483A-1484A

McClain CJ, Vatsalya V, Rex R, et al. DUR-928 therapy for acute
alcoholic  hepatitis: a pilot study. Hepatology 2019;
70:1483-1484

Alcohol and oxidative liver injury - Dey - 2006 - Hepatology -
Wiley Online Library. Accessed July 21, 2022 at: https://aasld-
pubs.onlinelibrary.wiley.com/doi/10.1002/hep.20957

Stewart S, Prince M, Bassendine M, et al. A randomized trial of
antioxidant therapy alone or with corticosteroids in acute
alcoholic hepatitis. ] Hepatol 2007;47(02):277-283

Phillips M, Curtis H, Portmann B, Donaldson N, Bomford A,
O’Grady ]. Antioxidants versus corticosteroids in the treatment
of severe alcoholic hepatitis — a randomised clinical trial. ]
Hepatol 2006;44(04):784-790

Vol. 43 No. 1/2023 © 2022. Thieme. All rights reserved.

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

Thakral et al.

Addolorato G, Ancona C, Capristo E, Gasbarrini G. Metadoxine in
the treatment of acute and chronic alcoholism: a review. Int |
Immunopathol Pharmacol 2003;16(03):207-214

Gao B, Bataller R. Alcoholic liver disease: pathogenesis and new
therapeutic targets. Gastroenterology 2011;141(05):1572-1585
Jeon S, Carr R. Alcohol effects on hepatic lipid metabolism. J Lipid
Res 2020;61(04):470-479

Greuter T, Malhi H, Gores GJ, Shah VH. Therapeutic opportunities
for alcoholic steatohepatitis and nonalcoholic steatohepatitis:
exploiting similarities and differences in pathogenesis. JCI In-
sight 2017;2(17):95354

Massey V, Parrish A, Argemi ], et al. Integrated multiomics
reveals glucose use reprogramming and identifies a novel hexo-
kinase in alcoholic hepatitis. Gastroenterology 2021;160(05):
1725-1740.e2

Singal AK, Guturu P, Hmoud B, Kuo YF, Salameh H, Wiesner RH.
Evolving frequency and outcomes of liver transplantation based
on etiology of liver disease. Transplantation 2013;95(05):
755-760

Singal AK, Bashar H, Anand BS, Jampana SC, Singal V, Kuo YF.
Outcomes after liver transplantation for alcoholic hepatitis are
similar to alcoholic cirrhosis: exploratory analysis from the
UNOS database. Hepatology 2012;55(05):1398-1405

Im GY, Kim-Schluger L, Shenoy A, et al. Early liver transplantation
for severe alcoholic hepatitis in the United States - a single-
center experience. Am ] Transplant 2016;16(03):841-849

Lee BP, Im GY, Rice JP, et al. Underestimation of liver transplan-
tation for alcoholic hepatitis in the national transplant database.
Liver Transpl 2019;25(05):706-711

Cotter TG, Sandik¢i B, Paul S, et al. Liver transplantation for
alcoholic hepatitis in the United States: excellent outcomes with
profound temporal and geographic variation in frequency. Am ]
Transplant 2021;21(03):1039-1055

Hasanin M, Dubay DA, McGuire BM, Schiano T, Singal AK. Liver
transplantation for alcoholic hepatitis: a survey of liver trans-
plant centers. Liver Transpl 2015;21(11):1449-1452

Neuberger J, Adams D, MacMaster P, Maidment A, Speed M.
Assessing priorities for allocation of donor liver grafts: survey of
public and clinicians. BM] 1998;317(7152):172-175

Dixon ], Welch HG. Priority setting: lessons from Oregon. Lancet
1991;337(8746):891-894

Chan HM, Cheung GMY, Yip AKW. Selection criteria for recipi-
ents of scarce donor livers: a public opinion survey in Hong Kong.
Hong Kong Med ] 2006;12(01):40-46

Neuberger J. Public and professional attitudes to transplanting
alcoholic patients. Liver Transpl 2007;13(11, Suppl 2):565-S68
Louvet A, Labreuche ], Moreno C, et al; QuickTrans Trial Study
Group. Early liver transplantation for severe alcohol-related
hepatitis not responding to medical treatment: a prospective
controlled study. Lancet Gastroenterol Hepatol 2022;7(05):
416-425

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://www.durect.com/pipeline/larsucosterol/publications/
https://www.durect.com/pipeline/larsucosterol/publications/
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.20957
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.20957

