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LCOHOL USE DISORDER IS A MAJOR CAUSE OF ADVANCED LIVER DISEASE

and liver-related hospitalization and death worldwide.? Globally, alcohol is

the cause of 50% of all deaths due to liver disease, and various forms of
alcohol-associated liver disease (ALD) will develop in approximately 35% of pa-
tients with alcohol use disorder.® The natural history of ALD is not well defined
and is influenced by periods of heavy alcohol intake and abstinence.* The clinical
and histopathological forms of ALD range from isolated steatosis to progressive
steatohepatitis with fibrosis accumulation to cirrhosis and its complications, cul-
minating in the development of hepatocellular carcinoma.’

Most patients with ALD receive a diagnosis at an advanced stage, when the
disease becomes symptomatic.® A severe clinical profile may develop in patients
with underlying ALD and active drinking, characterized by an abrupt onset of
jaundice, malaise, decompensated liver disease, and coagulopathy, an entity called
alcohol-associated hepatitis.” In its severe forms, alcohol-associated hepatitis is
associated with bacterial infections and the development of acute-on-chronic
liver failure, multiorgan failure, and high short-term mortality (20 to 50% at
3 months).?° Although the prevalence of alcohol-associated hepatitis is not well
known, the global incidence is probably increasing, especially among young adults
(in their 20s and 30s) and women.*" Its incidence has increased during the coro-
navirus disease 2019 pandemic.!*'?

During the past decade, the diagnostic criteria for alcohol-associated hepatitis
have been revised. The clinical findings required for its diagnosis, the indications
for transjugular liver biopsy, and the diagnostic certainty (possible, probable, and
definitive alcohol-associated hepatitis) were defined by a panel of experts from the
National Institute on Alcohol Abuse and Alcoholism (NIAAA).»* Moreover, a spe-
cific histologic classification with prognostic significance was developed (Alco-
holic Hepatitis Histologic Score [AHHS])." Specific therapy for alcohol-associated
hepatitis, however, still relies on the use of glucocorticoids, which improve short-
term (30-day) but not long-term survival in selected patients.’>!® From the early
trials in the 1970s until the more recent Steroids or Pentoxifylline for Alcoholic
Hepatitis (STOPAH) trial, glucocorticoids were the only therapy for severe alcohol-
associated hepatitis that consistently showed a benefit with respect to short-term
survival.'**® Translational studies have identified several key mechanisms of alco-
hol-associated hepatitis involving the microbiome, proinflammatory signals, and
factors leading to poor hepatocyte differentiation and function.” These discoveries
have markedly stimulated the liver-disease and pharmaceutical communities to
test new pathophysiological-based therapeutic approaches.”® Finally, since the
transformative study by Mathurin et al.,* an increasing number of centers world-
wide are offering the possibility of early transplantation to highly selected patients
with severe alcohol-associated hepatitis that does not respond to medical therapy.

In this review, we discuss evolving concepts in the diagnosis and prognosis of
alcohol-associated hepatitis, the current trend to treat these patients in a holistic
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manner involving addiction specialists, ongoing
clinical trials testing new targets for therapy,
and current selection criteria for early liver
transplantation.

PREDISPOSING FACTORS
AND PATHOGENESIS

Individual susceptibility to the development of
severe forms of ALD varies among heavy drink-
ers. Although many patients have only mild
forms, progressive fibrosis and cirrhosis and its
complications develop in others.? The factors
underlying the development of the abrupt form
of liver failure that defines alcohol-associated
hepatitis are largely unknown and probably in-
clude environmental, genetic, and epigenetic
factors.”® Although most patients presenting
with alcohol-associated hepatitis have a history
of prolonged and heavy alcohol use, whether the
total amount or pattern of alcohol consumption
plays a role remains unknown.** Sex differences
have been observed in alcohol-associated hepati-
tis, both in the manifestations and severity of
liver disease and in the prevalence and severity
of alcohol use disorder and relapse potential.
Women are more susceptible to alcohol injury
and cirrhosis,>? young women constitute the
fastest growing population assessed for liver
transplantation in the United States,” and fe-
male sex is independently associated with ALD-
related burden and alcohol-related acute-on-
chronic liver failure in the United States.
Hispanic persons are predisposed to the devel-
opment of alcohol-associated hepatitis, and
genetic factors such as variations in the gene
encoding patatin-like phospholipase domain-
containing protein 3 (PNAPL3) influence disease
severity among persons with alcohol-associated
hepatitis.”® Some factors such as coffee con-
sumption and polymorphism in the gene encod-
ing hydroxysteroid 17-beta dehydrogenase 13
(HSD17B13) have shown a protective role.” Fur-
ther studies should identify individual character-
istics, behaviors, and exposures — alone or in
combination — that influence susceptibility to
alcohol-associated hepatitis.

The pathogenesis of alcohol-associated hepa-
titis is incompletely understood (Fig. 1). Earlier
studies that focused on animal models that do
not reproduce the main features of alcohol-asso-
ciated hepatitis (i.e., hepatocellular failure and

portal hypertension) proposed a central role for
tumor necrosis factor «.>® Subsequent attempts
to block this molecule in patients with alcohol-
associated hepatitis were unsuccessful and were
associated with severe and life-threatening in-
fections, probably due to its role in liver regen-
eration and protection against bacterial infec-
tions.* Translational studies have identified new
potential cellular and molecular drivers of alco-
hol-associated hepatitis.’

The liver is the main site to metabolize alco-
hol into acetaldehyde, which forms protein and
DNA adducts that promote innate immune re-
sponse, glutathione depletion, lipid peroxidation,
and mitochondrial damage.? Injured hepato-
cytes release danger-associated molecular pat-
terns, such as high-mobility group protein 1,
which trigger inflammatory responses by acti-
vating the inflammasome—caspase-1 complex.*
Excessive consumption of alcohol also increases
gut permeability by disrupting the tight junc-
tions in the intestinal epithelial cells and in-
duces profound changes in the microbiome, in-
cluding increased pathogenic bacteria (e.g.,
Enterococcus faecalis) and immunogenic fungi.?
For example, an exotoxin from E. faecalis pro-
motes alcohol-induced liver injury.®® The subse-
quent translocation of viable bacteria and micro-
bial products to the liver (pathogen-associated
molecular patterns such as lipopolysaccharide)
induces inflammation, favors hepatocyte death,
and stimulates a fibrotic response. Other inflam-
matory factors such as CXC chemokines, macro-
phage migration inhibitory factor, and com-
plement factors are likely to contribute to
hepatocellular injury. These processes culminate
in the activation of fibrogenic cell types that ac-
cumulate extracellular matrix around hepato-
cytes and sinusoidal cells, forming a “chicken-
wire” pattern and favoring the development of
portal hypertension.>*¥ The action of upstream
regulators such as transforming growth factor
B1 leads to impairment of hepatocyte regenera-
tion and hepatocyte dedifferentiation that causes
profound synthetic dysfunction and failure of
important metabolic liver functions, including
defective bilirubin transport, clotting factor syn-
thesis, and glucose metabolization. This effect is
largely mediated by an inefficient activation of
hepatocyte nuclear factor 4a and aberrant
Hippo-yes-associated protein pathway in hepa-
tocytes.?®* This failure of differentiation results
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Figure 1 (facing page). Pathogenesis of Alcohol-Associated
Hepatitis.

Panel A shows the role of the gut-liver axis; Panel B,
the mechanisms involved in hepatocyte dysfunction;
and Panel C, the development of liver-related decom-
pensations and multiorgan failure. In Panels A and B,
drugs and antioxidants that are being evaluated are
shown in red. ADH denotes alcohol dehydrogenase,
DAMPs danger-associated molecular patterns, G-CSF
granulocyte colony-stimulating factor, HNF4 hepato-
cyte nuclear factor 4, LPS lipopolysaccharide, PAMPs
pathogen-associated molecular patterns, ROls reac-
tive oxygen intermediates, SIRS systemic inflamma-
tory response syndrome, TGF transforming growth
factor, and YAP yes-associated protein.

in a massive expansion of liver progenitor cells
(ductular reaction), which represents a futile at-
tempt to regenerate the liver.* Systemic inflam-
matory response syndrome (SIRS) and immune
dysfunction often develop, favoring bacterial
infections and the development of acute-on-
chronic liver failure and multiorgan failure.”

Although in some patients the condition rap-
idly improves after abstinence or responds quick-
ly to glucocorticoids, in others the liver dysfunc-
tion progresses; they are at high risk for death
unless an early transplantation is performed.**
The livers from patients with these severe forms
are characterized by massive ductular reaction
and hepatocyte dedifferentiation into a cholan-
giocyte-like phenotype.** Maneuvers that are
aimed at reducing this futile ductular reaction,
promoting epithelial differentiation of hepato-
cytes, and attenuating the systemic inflamma-
tory response represent appealing approaches
for therapy.

DIAGNOSIS, PROGNOSIS,
AND MEDICAL MANAGEMENT

The diagnosis of alcohol-associated hepatitis is
usually made on clinical grounds, with the ap-
plication of criteria derived from clinical history,
physical examination, and laboratory findings
(Fig. 2). The NIAAA-funded Alcoholic Hepatitis
Consortia proposed criteria to clinically define
alcohol-associated hepatitis®: onset of jaundice
within the previous 8 weeks; ongoing consump-
tion of more than 3 drinks (approximately 40 g)
per day for women and 4 drinks (approximately
50 to 60 g) per day for men for 6 months or

more, with less than 60 days of abstinence be-
fore the onset of jaundice; a total serum biliru-
bin level of more than 3 mg per deciliter (>50 pwmol
per liter), an aspartate aminotransferase (AST)
level of more than 50 IU per liter, and a ratio of
AST to alanine aminotransferase of more than
1.5, with both values less than 400 IU per liter;
and the ruling out of other liver diseases such as
drug-induced liver injury and ischemic hepatitis.
This set of criteria is slightly different from pre-
vious criteria,” particularly in lowering the mini-
mal total bilirubin level from 5 mg per deciliter
(85 wmol per liter) to 3 mg per deciliter. This
change was intended to identify patients with less
severe forms of alcohol-associated hepatitis,
sometimes referred to as “nonsevere or moderate
alcohol-associated hepatitis.” Moderate alcohol-
associated hepatitis occurs frequently, and its in-
cidence is probably underestimated as compared
with its severe form. Mortality from moderate al-
cohol-associated hepatitis is up to 3 to 7% in the
short-to-medium term (1 to 3 months) and 13 to
20% at 1 year, mainly owing to liver-related
complications and severe infections.* Further-
more, this disorder is often not recognized,
does not necessarily warrant admission to a
hospital, and represents a missed opportunity
for primary care providers and community gas-
troenterologists to institute therapy for alcohol
use disorder. Long-term abstinence is the main
goal of the treatment.”

Imaging should rule out biliary obstruction,
and an extensive workup for other causes such
as viral hepatitis, severe autoimmune liver dis-
ease, and Wilson’s disease should be performed.
Liver biopsy through a transjugular route is rec-
ommended in patients with factors that con-
found diagnosis.”* Histologically, alcohol-asso-
ciated hepatitis is characterized by features of
alcohol-related steatohepatitis (e.g., ballooned he-
patocytes, Mallory—Denk bodies, and neutrophil
infiltration), ductular reaction, bilirubinostasis,
and pericellular and sinusoidal fibrosis (chicken-
wire appearance). Many of these features do not
differ from those described in nonalcoholic ste-
atohepatitis (NASH)*; thus, it is difficult to dif-
ferentiate between the two entities on the basis
of histologic findings. Liver-biopsy specimens
from patients with alcohol-associated hepatitis
typically have more megamitochondria, pericel-
lular fibrosis, macrovesicular steatosis, and bili-
rubinostasis than those from patients with
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Initial Evaluation

Clinical presentation:

Prolonged alcohol intake (>60 g/day for men or >40 g/day
for women) until <8 wk before presentation, recent-onset
jaundice, malaise, ascites or edema, fever (in 30-50%
of patients), tender hepatomegaly, confusion, and asterixis
(in 50%)

Laboratory markers:

Abrupt rise in total bilirubin (>3 mg/dl), AST>ALT
(>2x ULN), AST <400 IU/liter, GGT >100 U/liter, albumin
<3.0 g/liter, INR >1.5, platelet count <150,000/mm?;
in some cases, nonimmune hemolytic anemia

Rule Out Other Reasons for Jaundice

Mechanical obstruction:
HCC, biliary obstruction, or Budd—Chiari syndrome
Perform Doppler abdominal ultrasonography and,
if indicated, CT or MRI-MRCP
Drug-induced liver injury:
Review detailed history of medications, supplements,
and pharmacy records
Check http://livertox.nih.gov
Viral hepatitis:
Acute hepatitis A, B, C, or E, especially if first episode,
or high clinical suspicion
Autoimmune hepatitis:
Severe autoimmune hepatitis if first episode, clinical
suspicion (ANA, ASMA, IgG), or both
Ischemic hepatitis:
Presence of hypotension, septic shock, massive
bleeding, or recent cocaine use

Role for Transjugular Liver Biopsy

Atypical presentation, laboratory tests (e.g., AST or
ALT >400 IU/liter), or both
Uncertain alcohol assessment
Use of any potential hepatotoxic substance in the past 3 mo
High suspicion of autoimmune hepatitis

I
[ |
All negative Any positive

Probable alcohol-associated hepatitis,

clinically diagnosed Transjugular liver biopsy recommended

f I
Histologic confirmation Not available

Definite alcohol-associated hepatitis, Possible alcohol-associated hepatitis,
biopsy-proven clinically suspected

Figure 2. Algorithm for the Diagnosis of Alcohol-Associated Hepatitis.

To convert the value for bilirubin to micromoles per liter, multiply by 17.1. ALT denotes alanine aminotransferase,
ANA antinuclear antibodies, ASMA a—smooth-muscle actin antibodies, AST aspartate aminotransferase, CT com-
puterized tomography, GGT vy-glutamyltransferase, HCC hepatocellular carcinoma, INR international normalized ratio,
MRI-MRCP magnetic resonance imaging—magnetic resonance cholangiopancreatography, and ULN upper limit of
the normal range.

NASH™#: however, none of these features are In addition to its diagnostic role, liver biopsy

unique, and prospective studies are needed to can provide prognostic information. The AHHS

better characterize these two conditions. includes four histologic features (the presence of
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bridging fibrosis or cirrhosis; hepatocellular,
canalicular, or ductular bilirubinostasis; severe
neutrophil infiltration; and megamitochondria)
that independently predict 90-day mortality.™*
The SALVE (Study of Alcohol-Related Liver Dis-
ease in Europe) Histopathology Group recently
described a semiquantitative score for alcohol-
associated hepatitis (including steatosis, activity
[hepatocellular injury and lobular neutrophils],
and cholestasis). In both scoring systems, the pres-
ence of fully developed cirrhosis confers a bad
prognosis in patients with alcohol-associated
hepatitis.*” Because liver biopsy is costly and
invasive, there has been interest in developing
noninvasive biomarkers with diagnostic and
prognostic significance. Serum keratin-18 frag-
ments have been shown to correlate with histo-
logic severity and 90-day mortality and can be
useful to predict response to glucocorticoid
therapy.*®>° Other potential biomarkers include
circulating extracellular vesicles and microRNA.>!
The development of diagnostic and prognostic
biomarkers that define disease subtypes with
therapeutic implications represents an unmet
need in this field.

At presentation, patients are jaundiced and
often have ascites and edema. Some patients
present with severe caloric malnutrition and
sarcopenia. Hepatic encephalopathy confers a
particularly poor prognosis.®> The diagnosis of
encephalopathy can be challenging because pa-
tients may have withdrawal syndrome, seizures,
or underlying cognitive dysfunction. Patients can
present with tender hepatomegaly, and because
there is an increase in portal hypertension this
can lead to variceal bleeding, especially in pa-
tients with underlying cirrhosis.® At admission,
many patients present with signs of SIRS (e.g.,
low-grade fever and neutrophilia), and in some
cases an infection cannot be diagnosed, which
suggests a sterile origin.* Most bacterial infec-
tions at admission can be controlled with broad-
spectrum antibiotics, whereas in-hospital inci-
dent infections have a bad prognosis and are
often caused by multidrug-resistant bacteria, lead-
ing to acute kidney injury and acute-on-chronic
liver failure.>* All patients at admission and after
any signs of SIRS or clinical deterioration should
be evaluated for infections. The use of biomark-
ers such as procalcitonin is potentially helpful to
differentiate sterile SIRS from infection-associ-
ated SIRS." Infections in patients receiving glu-

cocorticoids have a worse prognosis than those
in patients not receiving glucocorticoids.”

The mortality associated with an episode of
alcohol-associated hepatitis warranting hospital-
ization is approximately 20 to 50% at 90 days."”
The current models that are used to predict
short-term mortality include the Maddrey’s mod-
ified discriminant function®®; the Model for End-
Stage Liver Disease (MELD)*’; the age, serum
bilirubin, international normalized ratio, and
serum creatinine (ABIC) score®®; and the Glasgow
alcoholic hepatitis score.” At baseline, the MELD
score has been shown to be the best static scor-
ing system at a global level, and current guide-
lines recommend its use for patient risk stratifi-
cation.®®! The Lille score is a dynamic score that
is useful to assess prognosis and to define non-
response to glucocorticoids; it is calculated at
day 7, but it may be alternatively calculated
at day 4.9 In addition, the presence of SIRS
predicts multiorgan failure and acute-on-chronic
liver failure.*

The main factor influencing long-term prog-
nosis after an episode of alcohol-associated
hepatitis is prolonged alcohol abstinence. Unfor-
tunately, many patients have early alcohol re-
lapse, and more than half the patients resume
alcohol drinking.®* In this context, repeated epi-
sodes of alcohol-associated hepatitis can occur.
Alcohol relapse is frequent after an episode of
alcohol-associated hepatitis, even among pa-
tients who have undergone liver transplantation.
The reported incidence of post-transplantation
alcohol relapse among recipients with ALD
ranges from 15 to 50%.%°® However, manage-
ment of alcohol use disorder in these patients
has improved. A recent study from the United
States showed that at 5 years after liver trans-
plantation, 16.3% of the participants had a re-
lapse with respect to any alcohol use and 8.2%
had a relapse with respect to high-dose drink-
ing.® It is currently recommended that the care
of these patients is managed within a multidis-
ciplinary clinic involving addiction specialists.”
The identification of underlying psychiatric con-
ditions (e.g., depression or post-traumatic stress
disorder) and early referral to addiction pro-
grams are highly recommended.

The use of alcohol anticraving drugs has not
been rigorously tested in the context of alcohol-
associated hepatitis. On the basis of available
evidence, although disulfiram is contraindicat-
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Figure 3. Algorithm for the Management of Alcohol-Associated Hepatitis.
Model for End-Stage Liver Disease (MELD) scores range from 6 to 40, with
higher scores indicating a higher risk of death at 3 months. AKI denotes
acute kidney injury, AKI-HRS AKI-hepatorenal syndrome, CIWA Clinical
Institute Withdrawal Assessment for Alcohol, Gl gastrointestinal, and HE
hepatic encephalopathy.

2442

ed, the use of baclofen is probably safe in pa-
tients with advanced ALD.”* Acamprosate should
be used cautiously in patients with renal failure,
and naltrexone should be avoided in patients
with decompensated cirrhosis and profound liv-
er dysfunction or concomitant opioid use; other-
wise, patients with moderate alcohol-associated
hepatitis may be candidates for this drug.”®
Other drugs, such as topiramate (which should
be avoided if hepatic encephalopathy is present),

N ENGL ) MED 387,26
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gabapentin (which may be a good option if there
is concomitant chronic pain), and varenicline,
are used off-label, and further studies are need-
ed. Furthermore, the initiation of addiction
therapy during inpatient treatment for severe
alcohol-associated hepatitis with outpatient fol-
low-up soon after discharge reduces the risk of
hospital readmission, alcohol relapse, and death
and should be considered as a quality indicator
in the management protocol of hospitalized pa-
tients with alcohol-associated hepatitis.”> How-
ever, there are data showing that gastroenterolo-
gists and hepatologists in North America are
reluctant to treat alcohol use disorder in patients
with ALD.”>™ Indeed, a recent study showed that
although 60% of providers reported referring
patients with alcohol use disorder for behavioral
therapy, 71% never prescribed pharmacotherapy
because they were less than comfortable doing
so (84%).” Another study involving a Veterans
Health Administration cohort showed that more
than 90% of patients with cirrhosis and coexist-
ing alcohol use disorder did not receive behav-
ioral therapy or pharmacotherapy for alcohol use
disorder during a 6-month follow-up.”* Whether
there are regional or geographic differences
across the globe is not well known. However,
recent studies have shown that patients with
ALD who receive treatment for alcohol use dis-
order have lower rates of progression than those
who do not.”>’® This information can be useful
to increase awareness of the disease and im-
prove training among primary care providers
and specialists to treat alcohol use disorder in
patients with ALD.

With respect to specific treatment, glucocor-
ticoids have a transient beneficial effect in pa-
tients with severe alcohol-associated hepati-
tis'®’?78 (Fig. 3). A large randomized, controlled
trial showed a trend toward improved 1-month
survival but increased infections.”” A 2018 meta-
analysis showed improved 30-day survival, with-
out improvement in 60- or 90-day mortality.’®
More recently, a study involving a large interna-
tional cohort of 3380 patients identified the ap-
propriate therapeutic window for the use of
glucocorticoids with respect to the MELD score.
Glucocorticoids improved 30-day survival among
patients with MELD scores of more than 20,
with maximum benefit (defined as >20% sur-
vival benefit) at MELD scores of 25 to 39.7 Cur-
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rently, there is enough evidence to show the fu-
tility of pentoxifylline.’>'® Some promising results
have been shown by adding N-acetylcysteine (a
powerful antioxidant) to prednisolone. The com-
bination of N-acetylcysteine with prednisolone
improved 1-month survival and reduced the inci-
dence of infections. However, when survival was
analyzed at 6 months, no differences were found
between the combination and prednisolone
alone. Further studies are needed before recom-
mending its use.”

Given the high prevalence of malnutrition
among patients with alcohol-associated hepatitis,
it is important to assess the nutritional status
and ensure adequate caloric and protein intake.
Usual goals for enteral nutrition are 35 to 40 kcal
per kilogram of body weight per day, with 1.5 g
of protein content per kilogram per day.®° Fur-
thermore, because infections are common, espe-
cially among those who do not have a response
to glucocorticoids, they should be actively ruled
out and treated.” In the STOPAH trial, 12.5% of
the patients had an infection at baseline, 23.0%
during treatment, and 8.2% after treatment.
Early detection and treatment of infection may
reduce the associated mortality.>* Controlled in-
fections are not contraindications to the use of
glucocorticoids. Besides bacterial infections, fun-
gal infections are common in patients with se-
vere alcohol-associated hepatitis (with an inci-
dence of up to 16%) and carry a high risk of
death.®! Indeed, fungal infections are frequently
underdiagnosed. A younger age, a higher MELD
score, and glucocorticoid therapy are indepen-
dently associated with invasive fungal infection.®
Finally, acute kidney injury occurs frequently, is
present in up to a third of the patients with se-
vere alcohol-associated hepatitis, and is associ-
ated with an increase in 90-day mortality by a
factor of 9. The use of albumin and vasocon-
strictors may be indicated if criteria for hepatore-
nal syndrome are met. Renal-replacement therapy
could be indicated, although its use is hampered
by concerns of futility in patients who are not
deemed to be candidates for transplantation.®
Studies that identify diagnostic and prognostic
biomarkers of renal failure in patients with alco-
hol-associated hepatitis are needed. Consultation
with palliative care is appropriate for some pa-
tients who have severe alcohol-associated hepa-
titis that is unresponsive to medical therapy and
for whom liver transplantation is not an option.®*

EARLY LIVER TRANSPLANTATION

Traditionally, patients with severe forms of alco-
hol-associated hepatitis who did not have a re-
sponse to medical therapy were ineligible for
salvage liver transplantation owing to the lack of
a minimum period of sobriety. In 2011, a land-
mark Franco—Belgian study represented a para-
digm shift in the management of these patients’
care. A total of 26 carefully selected patients
with severe alcohol-associated hepatitis who had
not had a response to glucocorticoids underwent
early liver transplantation. The cumulative 6-month
survival was much higher among patients who
received early liver transplantation than that in a
historical series of patients with similarly severe
disease (77% vs. 23%).”* After this initial study,
numerous transplantation centers across the globe
have accepted this new indication. Figure 4A
summarizes the studies?®! evaluating early
liver transplantation for severe alcohol-associated
hepatitis that did not respond to glucocorticoids,
and Figure 4B shows survival after liver trans-
plantation in patients with alcohol-associated
hepatitis and ALD.

Follow-up studies, including the American
Consortium of Early Liver Transplantation for
Alcoholic Hepatitis (ACCELERATE-AH) study,
have confirmed the benefits of early liver trans-
plantation in selected patients with severe alco-
hol-associated hepatitis.®*>*"2 Moreover, a recent
follow-up study from the Franco—Belgian group
showed that the 2-year survival was similar in
the early-transplantation group and the standard-
transplantation group.”® The main concern of
this approach is the potential for a high inci-
dence of alcohol relapse (Fig. 4C). Studies in
both the European and American cohorts have
shown a higher incidence of relapse than among
other transplant recipients with advanced ALD
(20 to 35% in the early-transplantation groups,
as compared with 10 to 25% in the standard-
transplantation groups). However, there are dif-
ferences in relapse ascertainment among the
different studies. Few studies use biomarkers or
other robust means of assessing alcohol use
beyond patient report and patient interview.” In
addition, even among patients with presumed
nonalcoholic fatty liver disease, 25 to 29% had
positive biomarkers of alcohol consumption.®*

Although sustained alcohol use after early
transplantation is infrequent (10% at 1 year and
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A Characteristics of the Studies

of liver function
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Lee et al., 202289
liver transplantation for AH

Louvet et al., 20229

addiction evaluation

medical therapy
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Mathurin et al., 20112 Severe AH not responding to glucocorticoids or rapid worsening

No previous episodes of AH, supportive family members, no severe
psychiatric conditions, commitment to alcohol abstinence

Severe AH not responding to medical therapy

Severe AH and no previous diagnosis of liver disease or episodes

Severe AH and no previous diagnosis of liver disease or episodes

Retrospective analysis of UNOS database of patients undergoing

Patients with severe AH who did not have a response to medical
treatment and were eligible for eLT according to social and

Germani et al., 2022°1  Severe AH according to NIAAA criteria, not responding to

Primary End Point  Location
Survival at 6 mo France
Belgium
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after liver trans-
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Figure 4. Summary of Studies Assessing Early Liver Transplantation (eLT) for Severe Alcohol-Associated Hepatitis (AH).

In Panels B and C, I bars indicate standard deviations. ALD denotes alcohol-associated liver disease, AUD alcohol
use disorder, NIAAA National Institute on Alcohol Abuse and Alcoholism, and UNOS United Network for Organ

nearly 20% at 3 years), it is associated with in-
creased mortality.*” Identifying risk factors for poor
outcomes after liver transplantation is key in the
selection process. The ACCELERATE-AH recently
developed the Sustained Alcohol Use Post-Liver
Transplant (SALT) score, which is useful is de-
termining a lower risk of relapse (owing to its
high negative predictive value).”> The SALT score

includes four variables: more than 10 drinks per
day at the time of the initial hospitalization,
multiple previous rehabilitation attempts, previous
alcohol-related legal issues, and previous illicit
substance abuse. There have been efforts to de-
velop new predictive scores, including with the
use of artificial intelligence.” Because excessive
consumption of alcohol is heavily influenced by
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genetic, cultural, and socioeconomic factors, it
is plausible that factors predicting relapse vary
among different cultures across the globe.

Prospective studies should define the precise
timing and indications of early liver transplanta-
tion in patients with alcohol-associated hepati-
tis, identify predictors of spontaneous recovery
or futility and more refined predictors of alcohol
relapse, and test different motivational and
pharmacologic approaches that favor prolonged
abstinence after transplantation. In addition, it
is important to consider that currently most pa-
tients with alcohol-associated hepatitis never get
referred for liver transplantation, and it is very
likely that stigma plays a part in this phenome-
non.” Indeed, an increasing number of studies
have shown that patients with ALD are more
likely to be denied placement on the transplant
waiting list than those with non—alcohol-related
liver disease who undergo evaluation, even though
patients with ALD have higher MELD scores.”
The main reason for denial is the psychosocial
evaluation; thus, efforts to decrease the stigma
and selection bias regardless of the cause of
liver disease are needed.’®

EMERGING THERAPIES

The number of clinical trials testing new patho-
physiologically oriented drugs in patients with
alcohol-associated hepatitis has markedly in-
creased in recent years.” Most studies are aimed
at promoting effective liver regeneration, block-
ing inflammatory pathways, restoring a normal
microbiome, or a combination of these. A pilot
study of a recombinant fusion protein of human
interleukin-22, an antiinflammatory and pro-
regenerative cytokine, showed favorable out-
comes as determined by Lille and MELD scores,
a reduction in markers of inflammation, and
increased expression of markers of hepatic re-
generation.”” In addition, two open-label, ran-
domized trials comparing granulocyte colony-
stimulating factor (G-CSF) plus standard medical
therapy with standard medical therapy alone in
patients with severe alcohol-associated hepatitis
showed an improvement in 3- and 6-month sur-
vival and a lower incidence of bacterial infec-
tions.®® A more recent European study, however,
failed to show a benefit with G-CSF in patients
with severe alcohol-associated hepatitis.!*

The role of gut microbiota in the pathogene-
sis of alcohol-associated hepatitis is another area
of development. A promising pilot study showed
that fecal microbiome transplantation from
healthy donors was associated with lower mor-
tality than in a historical cohort.® A study of
interleukin-1 inhibition by anakinra, pentoxifyl-
line, and zinc showed an acceptable side-effect
profile, but 180-day survival did not differ sig-
nificantly between the combination therapy and
glucocorticoid therapy.’”® Several clinical trials
are now examining the role of probiotics, rifaxi-
min, and fecal microbiome transplantation in
patients with alcohol-associated hepatitis. Other
targeted trials under way involve the use of anti-
inflammatory drugs (interleukin-18 inhibition
by canakinumab), drugs targeting gut-liver axis
dysfunction and dysbiosis (broad-spectrum anti-
biotics and bovine colostrum), antioxidants
(N-acetylcysteine, metadoxine, and n-5 fatty
acids), drugs targeting apoptosis (selonsertib
and emricasan), phage therapy, and supplemen-
tal nutrition strategies.'®

FUTURE DIRECTIONS

To reduce the burden of ALD including alcohol-
associated hepatitis, excessive consumption of
alcohol should be targeted with the use of a
holistic societal approach; thus, more efficient
public health policies are needed — for example,
increasing taxes or raising the minimum price
of a unit of alcohol.1®>° Furthermore, efforts
must be aimed to assess the determinants of the
increasing prevalence of ALD, in particular the
severe forms in young women. In addition, to
promote the development of new therapies, drug
companies, regulatory agencies, and liver re-
searchers should reach consensus on key deter-
minants of outcomes and on the new end points
for clinical trials. More translational research is
needed to better characterize moderate alcohol-
associated hepatitis and its early identification,
to develop new prognostic biomarkers of alcohol-
associated hepatitis, and to identify molecular
subtypes for personalized medicine and response
to therapy. The development of human-based
experimental models could be useful to test new
therapies. For patients who do not have a re-
sponse to medical therapy, the timing and indi-
cations for early liver transplantation should be
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better defined. Digital transformation of health
care offers care opportunities for ALD through

remote health, analytics, and artificial intelli-

gence techniques for the management of both
alcohol use disorder and ALD. Finally, more ef-
forts should be paid to define new holistic multi-
disciplinary approaches to treat the underlying

alcohol use disorder and promote prolonged al-
cohol abstinence.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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