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Abstract
Alcohol is one of the most common etiologies of liver disease,
and alcoholic liver disease overall is the second most common
indication for liver transplantation in the United States. It
encompasses a spectrum of disease, including fatty liver
disease, alcoholic hepatitis (AH), and alcoholic cirrhosis. AH
can range from mild to severe disease, with severe disease
being defined as: Discriminant Function (DF) $ 32, or Model
for End-stage Liver Disease (MELD) $ 21, or presence of
hepatic encephalopathy. Management of the mild disease
consists mainly of abstinence and supportive care. Severe
AH is associated with significant mortality. Currently, there is
no ideal medical treatment for this condition. Besides alcohol
cessation, corticosteroids have been used with conflicting
results and are associated with an inherent risk of infection.
Overall steroids have shown short term benefit when compared to placebo, but they have no obvious long term
benefits. Pentoxifylline does not improve survival in patients
with severe AH and is no longer recommended based on the
results of the STOPAH (Steroid Or Pentoxifylline for Alcoholic
Hepatitis) trial. Anti-tumor necrosis factor (TNF) agents are
associated with increased risk of life threatening infections
and death. Currently, early stage trials are underway, mainly
targeting novel pathways based on disease pathogenesis,
including modulation of innate immune system, inhibition
of gut-liver axis and cell death pathways, and activation of
transcription factor farnesyl X receptor (FXR). Future treatment may lie in human induced pluripotent stem cell (iPSC)
technology, which is currently under investigation for the study
of pathogenesis, drug discovery, and stem cell transplantation.
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Liver transplantation has been reported with good results in
highly selected patients but is controversial due to limited
organ supply.
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Introduction
Approximately two-thirds of the US adult population drinks
alcohol each year, and 7.4% report heavy drinking and meet
the criteria for alcoholism.1 However, only a minority of heavy
drinkers will develop alcoholic liver disease (ALD), likely due
to environmental and genetic factors.2 The economic impact
of ALD is significant, with a total cost of around $185 billion.
Of this cost, 14% (around $27 billion) is related to health
care cost.3 In 2000, the mortality from ALD (reported as
age-adjusted death rate) was 25 and 15 per 100,000 for Hispanics and non-Hispanics, respectively. Alcoholic cirrhosis
was accounted for about 37% of liver-related deaths, which
is higher than death from cirrhosis due to hepatitis C.4 ALD
still remains the second most common indication for liver
transplantation after hepatitis C, based on the most recent
annual Organ Procurement and Transplantation Network
(OPTN)/Scientific Registry of Transplant Recipients (SRTR)
report.5 With new direct antiviral agents (DAAs) for treatment
of hepatitis C,6 ALD will be one of the leading causes of liver
disease in developed countries in the near future. Therefore,
there is an urgent need for new therapies for the management of ALD and more importantly alcoholic hepatitis (AH).
This review focuses on the current medical and surgical management of patients with AH and future therapies.
Spectrum of liver disease
The clinical and pathologic spectrum of ALD ranges from
alcoholic fatty liver disease (alcoholic steatosis) to cirrhosis
with various survival rates. ALD can be divided into: alcohol
induced steatosis (microvesicular, macrovesicular), alcoholic
hepatitis and alcoholic cirrhosis. There is usually overlap of
different pathological findings in a given patient.2,7
Alcoholic fatty liver
Alcohol induced fatty liver is the earliest and most common
presentation of ALD which develops in more than 80% of
heavy drinkers.8 This condition should be differentiated from
nonalcoholic fatty liver disease (NAFLD), which is associated
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with metabolic syndrome. ALD and NAFLD have a similar pathologic spectrum, and they have been described to coexist in
the clinical setting.9,10 Alcohol induced fatty liver disease is
usually asymptomatic and may completely resolve after 2–6
weeks of alcohol abstinence.2,11 Weight loss by low calorie
diet in conjunction with increase physical activity reduces
hepatic steatosis in patients with NAFLD.12
Alcoholic cirrhosis
In those patients who continue to drink, the risk of developing
cirrhosis will increase to about 30%.13 There is an increased
risk of developing cirrhosis with ingestion of 60–80 g/day
of alcohol for 10 years or longer in men and 20 g/day for
women; however, only 6%–41% of those drinking this
amount of alcohol will develop cirrhosis.1 Alcoholic cirrhosis
has a high mortality rate, with a worldwide reported mortality
rate of 38%–50% of all cirrhosis-related death. The long-term
prognosis of alcoholic cirrhosis is dependent on alcohol
abstinence.1,14
Alcoholic hepatitis (AH)
Superimposed episodes of AH may occur in patients with ALD
that could range from mild to severe and life threatening
episodes. The true prevalence of AH is not known, but studies
evaluating the histology of patients with ALD suggest that
AH might be present in about 10%–35% of alcoholic
patients.15,16 Severe AH is not a benign disease and has a
reported 28 day mortality as high as 50% without treatment.17,18 More than half of the patients with AH might
have cirrhosis at the time of liver biopsy or will develop cirrhosis during the course.2,19 When evaluating survival in
patients with AH, it is important to distinguish the patients
who have concomitant cirrhosis. Even if the AH component
is treated, the cirrhosis might not reverse, and the risk of
death from complications of portal hypertension and cirrhosis
remains.

the patients.15,23 Laboratory findings are typical for aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
elevation usually less than 300 U/L with a ratio of > 2/1.24,25
However, in patients with foamy fatty degeneration, higher
AST levels have been reported.20 Patients with AH usually
have high bilirubin and an increase in prothrombin time
(PT)/international normalized ratio (INR). Leukocytosis in
the absence of infection can be seen in patients with AH,
but the absence of leukocytosis does not rule out the
diagnosis.26,27
Diagnosis of different forms of ALD based only on clinical
presentation and laboratory findings is difficult.28 Another
challenge is that different types of ALD can develop concomitantly. As mentioned earlier, more than half of the patients
with AH may have alcoholic cirrhosis as well.2 Liver biopsy
remains the gold standard for diagnosis of AH; however, the
indication for liver biopsy remains controversial.28 In some
centers, transjugular liver biopsy is performed to confirm the
diagnosis of AH when the diagnosis remains uncertain,
despite reviewing the clinical and laboratory data especially,
and when corticosteroid with its potential side effects is
being considered for treatment.29 In some studies, hepatocellular damage (hepatocellular ballooning, presence of
Mallory bodies), inflammatory infiltrate (mainly polymorphonuclears), and pericellular fibrosis have been used for diagnosis of AH.15,30–32
Treatment
Alcoholic abstinence and supportive care
Alcohol abstinence is the most important predictor for
determining long-term survival in patients with AH. In the
study by Potts et al., 5 year survival was significantly higher
in AH patients who remained abstinent compared to those AH
patients who relapsed or continued to drink (75% vs. 27% and
21%, respectively, p = 0.005).33 Nutritional support and management of complications of portal hypertension are other
important factors in the care of patients with AH.

Other variants of ALD
Nutrition
Other forms of ALD have been reported in the literature.
Foamy fatty degeneration was reported in 21 heavy drinkers,
presenting mainly with jaundice and hepatomegaly. The
laboratory findings were significant for marked elevation of
serum aminotransferases, more prolonged elevation of alkaline phosphatase and bilirubin, and elevated cholesterol
with no leukocytosis when compared to patients with AH.
The liver pathology was consistent with mainly foamy fatty
change (microvesicular fat) and megamitochondria. Foamy
fatty degeneration has been reported to have a good prognosis with rapid recovery in all patients with alcohol abstinence.20,21 Another variant of ALD is Zieve syndrome, first
described in 1957, which was defined as a triad of jaundice,
hyperlipidemia, and transient hemolytic anemia in patients
with alcoholic steatohepatitis.22
Diagnosis of AH
For diagnosis of AH, a detailed history, including the history
of alcohol intake, and physical examination is critical. On
examination, apart from signs of portal hypertension and
jaundice, patients with AH might have fever in the absence of
infection. Hepatic bruit may be present in more than half of
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Malnutrition as well as obesity in alcoholic patients are wellrecognized phenomena that can critically impact the development and progression of liver disease.34–36 The degree of
malnutrition is correlated closely with the development of all
the serious complications of liver disease (e.g., ascites, encephalopathy, and hepatorenal syndrome) as well as the overall
mortality.37 The etiology of nutritional deficiencies in alcoholics is multifactorial and include: decreased caloric intake,
inadequate consumption of nutrients, impaired metabolism of
vitamins due to possibly concomitant chronic pancreatitis,
disruption of the gut microbiome and mucosal integrity, gastritis, and diarrhea/vomiting.38–41 Overall, patients who are not
meeting their nutritional needs by oral diet should receive supplementation. An enteral route is preferred whenever possible,
as it maintains the gut mucosal integrity and prevents bacterial
translocation.42 Despite improvement in nutritional parameters and liver tests in most studies, only a few studies have
shown survival benefit with nutritional supplementation, and
the majority of studies have not demonstrated a change in
mortality.39,41 In review of five randomized clinical trials evaluating alimentary augmentation, no survival benefit was noted
in the supplemented group (17%–35% mortality) compared to
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the controlled group (16%–39% mortality).42 In a randomized
control trial of vitamin E vs. placebo in patients with AH,
vitamin E improved serum hyaluronic acid but had no beneficial effect on liver function and survival.43
Medical management
Corticosteroids
Corticosteroids are the current main treatment for severe
AH (defined as DF $ 32, or MELD $ 21, or presence of
hepatic encephalopathy) in patients who do not have any
contraindications for steroid treatment.44,45 Corticosteroids
work by changing the balance of cytokines, reducing proinflammatory cytokines such as tumor necrosis factor
(TNF)-a, and increasing anti-inflammatory cytokines such
as interleukin 10.46 Data from clinical trials and metaanalyses of corticosteroids have been conflicting.47–52 A
recent Cochrane meta-analysis concluded that, overall,
there is no clear evidence that steroids are effective in the
management of AH. However, this meta-analysis concluded
that glucocorticosteroids did significantly reduce mortality in
the subgroup of trials with patients with a Maddrey score of
32 or higher or in patients who had hepatic encephalopathy.
In addition, this study showed that steroids reduced mortality in low bias-risk studies. The potential for bias was due
to heterogeneity of data.53,54 To overcome this issue,
Mathurin et al. analyzed individual data from five randomized controlled trials and showed that steroids have survival
advantage for severe AH (defined as DF $ 32 or hepatic
encephalopathy), with a 28 day survival of 85% among
treated patients compared to 65% for patients receiving
placebo (p = 0.001).45 Prednisolone 40 mg for a total of
4 weeks (28 days) or other regimens have been used in
the trials. Prednisolone is preferred (but not demonstrated
to be better) over prednisone, as the latter requires conversion within the liver to its active form, prednisolone.54
Contraindications for steroids
The main contraindications for steroid treatment in patients
with AH are renal failure, active gastrointestinal bleeding,
uncontrolled hyperglycemia, acute pancreatitis, psychosis,
and infection.54 Here, we discuss infection as a contraindication for steroid therapy.
Infections are common and could be fatal in patients with
AH.55 Around 25% of patients with severe AH have some form
of infection at the time of presentation.56 Infection was considered an absolute contraindication for steroid therapy, but
recently the position on this matter has changed.57 In the
study by Louvet et al., in a group of patients with severe AH
the most common infections at the time of presentations
were: spontaneous bacterial peritonitis (SBP) 44%, urinary
tract infections (UTI) 37%, respiratory infections 13%, and
others including skin infections in 11%. The 2-month survival
of patients infected and treated before initiation of steroids
was similar to that of patients not infected before steroids.
In the follow-up, infection developed in 24% of patients.
The pattern of infections after steroid treatment was different
for those patients who had infection prior to steroid therapy.
The most common infections were pulmonary 40.3%, followed by SBP or bacteremia 28.1%, UTI 17.5%, and other
infections 14.1%. Patients infected after corticosteroids had

a significantly lower 2-month survival than patients with no
infection (46.4 +/− 6.9% vs. 77.5 +/− 3.2%, p < 0.00001).
Therefore, it is very important to differentiate infection on
admission from infection that occurs after initiation of steroids, as survival rates are completely different. Overall,
infection was more common in steroid null responders than
responders. In multivariate analysis, only Lille model and
MELD score were independently associated with survival,
whereas infection was not. This study suggested that the
development of infection after steroid therapy is most likely
secondary to absence of improvement of liver function;
however, the study could not rule out the possibility that steroids contributed to infection susceptibility.56 In a recent
meta-analysis of clinical trials, the group of patients that
received steroids had a higher overall incidence of infection
than the control group.53

Response to steroids
Lille score
Lille score was primarily described to assess the steroid
response in patients with severe AH after 7 days of treatment.
A total of 295 patients with biopsy proven, severe AH (DF $ 32
or hepatic encephalopathy) treated with steroids on admission
with an overall 6-month survival of 65.4 +/− 2.9 were evaluated
in a cohort of patients. In univariate analysis, the prognostic
values of clinical and biological variables predicting 6-month
survival were studied. Ten variables reached statistical significance. Subsequent multivariate analysis of six objective variables using logistic regression was calculated as Lille score,
ranging from 0 to 1. Lille score = [3.19 – 0.101 * (age in
years) + 0.147 * (albumin day 0 in g/L) + 0.0165 * (evolution in
bilirubin level in mM) − 0.206 * (renal insufficiency) − 0.0065 *
(bilirubin day 0 in mM) − 0.0096 * (prothrombin time in
seconds)]. The area under the receiver operating characteristic
(AUROC) curve of the Lille model was 0.89 +/− 0.02, which was
validated and shown to be superior than Child-Pugh score,
Maddrey score, MELD score, and Glasgow scores for prediction
of 6-month survival. Patients above the ideal cutoff of 0.45
showed a marked decrease in 6-month survival compared with
those below the cutoff (25% +/− 3.8% versus 85% +/− 2.5%,
p < 0.0001). This cutoff was able to identify approximately
75% of the observed deaths, and was suggested for early identification and management of subjects with substantial risk of
death who would not respond to steroid therapy according
to the Lille model.58 In a follow-up study with individual
analysis of five randomized trials, patients were classified into
three groups according to their percentile distribution of Lille
score and survival analysis: complete responders (Lille score
# 0.16; # 35th percentile), partial responders (Lille score
0.16–0.56; 35th-70th percentile), and null responders (Lille $
0.56; $70th percentile). Twenty-eight-day survival was
strongly associated with these groupings (91.1 +/− 2.7% vs.
79.4 +/− 3.8% vs. 53.3 +/− 5.1%, respectively, p < 0.0001).
Overall, these studies show that steroid therapy is beneficial
mainly in complete responders and partial responders but not
in null responders. Therefore, steroids should not be continued
beyond 7 days in null responders based on their Lille score, as
there will be no survival benefit in this population and the use of
corticosteroids, in general, are not without risks.45
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Pentoxifylline

Combination therapy (PTX plus corticosteroids) vs.
corticosteroid monotherapy

Pentoxifylline (PTX) is a phosphodiesterase inhibitor and a
possible TNF-a inhibitor.54,59 The first pilot study with PTX was
conducted in 1991 by McHutchison et al. in patients with
severe AH (DF score $ 32), and they showed that PTX could
reduce the development of hepatorenal syndrome and mortality compared to those receiving placebo.60,61 Subsequently, a
study was conducted from Rancho Los Amigos California in
2000 by Akriviadis et al. in 101 patients with severe AH in a
4 week double-blind randomized trial (PTX 400 mg orally, three
times daily) compared to placebo. The study confirmed that
treatment with PTX improves short-term survival in patients
with AH, and the benefit was attributed to a decrease in the
risk of developing hepatorenal syndrome.62
The American Association for the Study of Liver Disease
(AASLD) guidelines recommend the use of PTX for severe
AH if there are contraindications to corticosteroids.2,63
A few trials have evaluated the efficacy of PTX in the management of AH in comparison to placebo. Recent meta-analysis
of four clinical trials, three in abstract and one in paper format,
showed a reduced incidence of fatal hepatorenal syndrome
with PTX when compared to placebo (relative risk (RR): 0.47,
0.26–0.86, p < 0.01) but no survival benefit at 1 month
(RR: 0.58, 0.31–1.07, p = 0.06).63–67 In the recent study
STOPAH (Steroid Or Pentoxifylline for Alcoholic Hepatitis) trial
that will be discussed, PTX had no impact on survival compared
to placebo in the treatment of severe AH.68

In a multicenter randomized control trial of 270 patients with
severe AH, there was no statistical difference in 6-month
survival between 4 weeks of dual therapy with prednisolone
and PTX vs. prednisolone monotherapy. The study was
underpowered to detect a significant difference in hepatorenal syndrome between the two groups.75 The analysis of
pooled data from three clinical trials did not show survival
benefit from PTX and steroid combination therapy when
compared to steroid monotherapy.63 PTX was also studied
as a salvage option in steroid null responders, but there
was no benefit.29,76 These findings were confirmed in the
multicenter European STOPAH trial, as discussed previously.
Taken together, this data demonstrates that there is no therapeutic benefit of dual therapy in comparison with steroid
monotherapy in the management of patients with severe
AH.66
Anti-TNFs
Experimental and clinical evidence has shown that TNF-a is a
major contributor to the pathogenesis of AH, and elevated
TNF-a is a major predictor of decreased long-term survival in
these patients.77,78 The role of Infliximab and etanercept
have been studied in the treatment of AH and will be discussed here.

PTX vs. Corticosteroids

Etanercept

In the meta-analysis of three trials that compared the efficacy
of PTX vs. prednisolone in severe AH, two as papers and one
as an interim report, there were no significant differences
between treatment groups.63,69–71 In a recent multicenter
randomized noninferiority trial comparing PTX vs. prednisolone, the authors concluded that the efficacy of PTX is not
statistically equivalent to the efficacy of prednisolone, supporting prednisolone as a preferred option.72
Although it has been difficult to confirm the superiority of
PTX or corticosteroids in the treatment of severe AH in a
sufficiently large population,73 this was recently studied in
the STOPAH trial in more than thousand patients. In this
multicenter double blinded randomized trial, 2 3 2 factorials
were designed to study the benefit of both prednisolone
40 mg and/or PTX 400 mg TID for 4 weeks. In total, 1,103
patients with a clinical diagnosis of severe AH (DF $ 32)
were randomized into four arms: A. Placebo/Placebo; B. Prednisolone/Placebo; C. PTX/Placebo; D. PTX/Prednisolone. At
28 days, the percentage of death in the arms were 17, 14, 19,
and 13, respectively. Prednisolone reduced the risk of 28-day
mortality, but this benefit was not sustained at 3 months and
1 year. As expected, infection was more common in the prednisolone group (13%) than in the no prednisolone group
(7%) (p = 0.002). This study clearly shows that PTX has no
impact on disease progression and should no longer be used
for treatment of severe AH.68,74 It is worth mentioning that
transjugular liver biopsy was not a requirement for enrolling
patients in the trial.74

In a multicenter study by Boetticher et al., 48 patients with
severe AH were randomized to receive either etanercept
(TNF-a neutralizing molecule) or placebo for 3 weeks. The
results showed similar 1-month mortality (22.7% vs. 36.4%,
odds ratio (OR) 1.8; 95% confidence interval (CI), 0.5-6.5).
The 6-month mortality was significantly higher in the etanercept group than in the placebo group (57.7% vs 22.7%,
OR, 4.6; 95% CI, 1.3-16.4; p = 0.17). The rate of infectious
serious adverse events were significantly higher in the
etanercept group than the placebo group (34.6% vs. 9.1%,
p = 0.04), suggesting that the increase in late mortality in
patients receiving etanercept was related to impaired liver
regeneration or suppression of the immune system by
etanercept.79
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Infliximab
In a multicenter study by Naveau et al., 36 patients with
severe AH were randomized to receive intravenous infliximab
(10 mg/kg) in weeks 0, 2, and 4 or placebo. All patients
received prednisolone 40 mg/day for 4 weeks. The probability
of death at 2 months was higher in patients who received
infliximab than in those who received placebo, but the difference was not statistically significant. This study had to be
stopped early by the follow-up committee and the sponsor. The
frequency of severe infection within 2 months was significantly
higher in the group that received infliximab than that in the
placebo group and was thought to be related to significantly
lower stimulation capacity of neutrophils.80
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N-acetylcysteine (NAC)
A study evaluating combination therapy with prednisolone
plus NAC in comparison to prednisolone monotherapy
showed a significant decrease in mortality with combination
therapy at 1 month (8% vs. 24%, p = 0.006) but not at
6 months (27% vs. 38%, p = 0.07). Death due to hepatorenal
syndrome was less frequent in the combination group than
in the steroid monotherapy group at 6 months (9% vs.
22%, p = 0.02). Infections were also less frequent in the prednisolone-NAC group compared to prednisolone only group.31
At this time, it is not clear if dual therapy with steroid and NAC
should become the standard of care in the management of
patients with AH as opposed to steroid alone.81
Liver transplantation
Although liver transplant represents the definite treatment for
patients with decompensated alcoholic cirrhosis, it remains
an ethically controversial option for the management of
patients with ALD, including AH.82,83 The main controversy
is based on the public opinion that ALD is self-inflicted and
given the high demand for limited organs, the allocation
should be made to patients who “deserve the liver transplant”.84–86 The other concern is the risk of recidivism.87
Most transplant centers use the 6-month abstinence rule to
achieve two goals: first, this will allow time for the liver to
recover from the hepatitis due to recent alcohol exposure by
abstinence and medical treatment; and second, the patient’s
commitment to sobriety can be assessed during this time,
based on the rationale that duration of abstinence prior to
transplant might predict abstinence after liver transplantation.83,88,89 Nevertheless, the 6-month rule requirement
usually is not met by most patients with severe AH that are
null responders to steroids since these patients usually have a
recent history of alcohol use. Furthermore, pretransplant
abstinence does not necessarily predict recidivism after liver
transplant.84,85,90 The other argument against the 6-month
rule for liver transplant in patients with severe AH is the
high mortality in Lille null responders within this time
period. Mathurin et al. found that 75% of patients with
severe AH who were not responsive to steroids who did not
undergo liver transplant died within the 6-month follow-up
period.91
Another approach introduced recently is to proceed with
early liver transplant in patients with severe AH. Liver transplant was performed in 26 patients with severe AH who were
null responders to steroid treatment, and outcomes were
compared to matched controls. These patients were highly
selected based on a thorough psychosocial evaluation and
included only 2% of total patients that presented with severe
AH. The selection criteria included a lack of response to
medical therapy, severe AH as the first liver decompensating
event, strong family support, absence of a coexisting severe
psychiatric disorder, and agreement by the patient to adhere
to lifelong total alcohol abstinence. The transplant had to
be approved by the liver transplant group. The centers used
only 2.9% of available grafts for this indication for liver
transplant. The patients with AH who received early liver
transplant had a significantly higher cumulative 6-month
survival than patients who were not transplanted (77.8 +/− 8%
vs. 23 +/− 8% respectively, p < 0.001), with benefit
remaining through 2 years of follow-up. Only three patients
resumed alcohol drinking at 720, 740, and 1,140 days after

transplantation, and only one reported harmful drinking.
There was no graft loss due to alcohol in the study.91
Short- and long-term outcomes of liver transplant in
patients with severe AH were reported by Singal et al.
using the United Network for Organ Sharing (UNOS) database. Fifty-five patients that were transplanted for AH were
compared with 165 matched patients transplanted for alcoholic cirrhosis, and 1, 3, and 5 year graft survival was 87%,
82%, and 75%, respectively, and 1, 3, and 5 year patient
survival was 93%, 87%, and 80%, respectively.92 Recidivism after liver transplant is very variable. Twelve percent
to 49% of patients with ALD will restart some amount of
drinking and 10%–15% of patients will resume heavy drinking. However, the risk of graft loss due to recidivism is only
0%–5% in AH patients receiving a liver transplant, but is
reported to be higher in some series. Overall, harmful drinking in the post-transplant period can affect the long-term
transplant outcomes, mainly due to poor compliance with
immunosuppressive medications and alcohol induced liver
injury.93–95
In summary, early liver transplant is effective in the
management of patients with severe AH who failed steroid
treatment. Patient selection remains extremely controversial
and needs to be further determined. The patients should
be selected based on strict criteria, and it should be emphasized that patients with severe AH who do not respond to
steroids have a very short-term mortality rate without liver
transplantation.91
Future Therapies
As discussed in this review (summarized in Fig. 1), the
medical management of AH patients at this time is limited
to steroids. Use of corticosteroids can be associated with significant risk, such as infection, especially in this sick population of patients. In addition, the long-term benefit of steroids
is still not established. Recent data suggest that PTX lacks
efficacy and is no longer recommended (STOPAH trial).68
Therefore, effective new pharmacologic therapies with
more favorable side effect profiles are greatly needed for
the treatment of AH patients. One of the challenges of drug
discovery in the field is the lack of ideal animal models that
entirely mimic human disease.96 Multiple new clinical trials
are underway with novel therapeutic targets based on
essential pathways involved in the pathogenesis of AH. This
subject was reviewed in few reviews and at a recent AASLD
meeting. Here, we will briefly discuss some of the most
important therapeutic targets. Alcohol disrupts the intestinal
epithelial barrier, resulting in increased gut permeability to
microbiota. The bacterial endotoxin lipopolysaccharide (LPS)
increases in portal circulation and activates toll-like receptor 4
(TLR4), leading to activation of the innate immune system
and release of various cytokines. Blockage of these pathways
could have therapeutic implications for the treatment of
AH.16,29,97
Gut-Liver Axis
Disruption of the intestinal epithelial barrier results in
increased gut permeability, and has been suggested as an
essential pathway in the pathophysiology of AH.97,98 Probiotics have been used in the management of ALD. Short-term
use of VSL#3 in alcoholic cirrhosis patients was shown to
decrease markers of oxidative stress and plasma cytokines
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Fig. 1. Proposed algorithm for management of patients with alcoholic hepatitis.
* Note that pentoxifylline is not included in this algorithm. Based on recent STOPAH trial,68 it was shown that pentoxifylline had no impact on disease progression and is no
longer recommended for the treatment of severe alcoholic hepatitis.
** In a separate analysis, patients were classified into three groups based on their Lille score and survival, and cutoff of 0.56 determined nonresponse: complete responders
(Lille score # 0.16; # 35th percentile), partial responders (Lille score 0.16–0.56; 35th–70th percentile) and null responders (Lille $ 0.56; $ 70th percentile).45
Abbreviations: AH, alcoholic hepatitis; DF, discriminant function; GI, gastrointestinal; MELD, Model for End-stage Liver Disease; PHTN, portal hypertension; w, week(s).

(TNF-a, IL-6, and IL-8).99 Kirpich et al. conducted a prospective, randomized, clinical trial to study the effects of
alcohol and probiotics on the bowel flora and alcohol-induced
liver injury on 66 hospitalized patients. Patients were randomized to receive 5 days of Bifidobacterium bifidum and
Lactobacillus plantarum 8PA3 versus standard therapy alone,
abstinence plus vitamins. After 5 days of probiotic therapy in
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alcoholic patients, those who were treated with probiotics had
significantly lower AST, ALT, gamma glutamyl-transpeptidase
(GGT), and total bilirubin levels than those treated with standard therapy alone.100 Currently there are ongoing clinical trials
evaluating the effect ciprofloxacin, amoxicillin clavulanate,
Lactobacillus rhamnosus, zinc, and rifaximin in the management of patients with AH.101
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Innate immune system
Activation of the innate immune system is one of the main
steps in the development of AH. Activation of kupffer cells
causes release of IL-1b, a potent pro-inflammatory cytokine.
IL1b binds to its receptor IL-1R1, which leads to the recruitment of other inflammatory cells.102,103 It was shown recently
that an IL1b receptor antagonist was protective against alcoholic liver injury in an animal model.103 Use of the IL1b receptor antagonist Anakinra in combination with PTX and zinc is
currently being tested in the management of AH.101
Another key cytokine, IL-22, was suggested alone or in
combination with steroids to be a potential therapeutic option
to ameliorate ALD, due to its multiple beneficial properties,
including its antioxidant, antiapoptotic, antisteatotic, antimicrobial, and proliferative properties. Therefore, IL-22 might
be useful in treating patients with AH. Additionally, side effects
due to IL22 may be minimal, as IL-22R expression is restricted
expression to epithelial cells, such as hepatocytes.104
Apoptosis Pathways
Apoptosis is a prominent feature in the pathophysiology of
AH.105 Excessive hepatocyte apoptosis stimulates inflammation and results in the production of proinflammatory cytokines
and reactive oxygen species by the innate immune system.106
Therefore, inhibition of apoptosis with different caspase inhibitors can be therapeutic in patients with AH. The caspase inhibitor GS-9450 was shown to be effective in the treatment of
patients with nonalcoholic steatohepatitis (NASH).107 The
effectiveness of a pancaspase inhibitor compared to placebo
is currently being evaluated in patients with severe AH who
have contraindication to steroids.29

hepatic progenitor cells, and mature hepatocyte-like cells
under defined conditions.112–114,116 The two main uses of
human iPSC technology for liver diseases are drug discovery
and cell transplantation.122 Using iPSCs for drug development,
would require establishing patient iPSC-based disease models
for testing potential drugs. The human iPSC-hepatic differentiation technology has allowed us to establish effective largescale drug screening and drug discovery studies using an
iPSC-based liver disease model, which is critical for translating
the iPSC technology into novel therapies for untreatable liver
diseases.116 More recently, it was observed that exposure to
ethanol at the pathophysiological dosage induced apoptosis
during differentiation of human iPSC-derived endoderm cells
into hepatic progenitor cells and significantly reduced proliferative activity of mature stage hepatic cells.123 Importantly,
increased amounts of lipid droplets were detected in ethanoltreated iPSC-derived hepatocytes compared to controls, indicating the possibility of modeling ALD using human iPSCs.
Pathogenesis research using patient-relevant iPSC models
of AH will aid in the discovery of better cellular and molecular
targets for drug development. Regenerative therapy using
iPSCs will require in vivo functional testing of these cells.
Perhaps a more immediate use of human iPSC-derived cells
is the in vitro screening of candidate drugs, as improving and
evaluating the in vivo function for most iPSC-derived cell
types is still in the future. Although there are many technical
hurdles to overcome before establishing iPSC-based tailored
therapy for ALD patients, the potential of pluripotent stem cell
therapy is great. Together with continued improvements in
current therapies, iPSC technology provides an additional
new therapy, but much more work needs to be done to demonstrate their true value in the clinic.
Conclusions

Farnesoid X receptor (FXR)
FXR is a nuclear receptor for bile acids, and its activation has
been shown to be essential in the treatment of primary
biliary cirrhosis (PBC).108,109 Obeticholic acid (OCA) is a semisynthetic analogue of the primary bile acid chenodeoxycholic
acid (CDCA), which selectively activates FXR.110 In the FLINT
trial, treatment with OCA improved insulin resistance and
liver histology in patients with NASH. A phase II clinical trial
of OCA in AH is currently underway.108
Potential of human induced pluripotent stem cell
(iPSC) based therapy for ALD
Challenges remain for developing therapeutic approaches
targeting ALD, including AH, partly because of the lack of
human-relevant model systems to study the effect of alcohol
on the liver.111 In recent years, human iPSCs have been
generated from diverse human somatic cells,112–117 and
these cells can then be differentiated into a spectrum of
mature human cell types, including functional hepatocytes.112–114,116,118–123 This development has enabled us to
access an unlimited supply of hepatocytes, which was one of
the major challenges in the past. Moreover, human iPSCs
retain the same genetic information of the donor (i.e.,
patient) tissues, making iPSCs a promising resource to study
human diseases.112,113,116,117,120 Human iPSC lines from
healthy donors and multiple liver disease patients have been
established.112–114,119 Using step-wise hepatic differentiation
protocols, these iPSCs can be induced to definite endoderm,

ALD remains one of the leading causes of liver disease in the
United States. The clinical and pathological spectrum of
disease includes alcoholic fatty liver, alcoholic hepatitis and
alcoholic cirrhosis. In general, diagnosis of AH solely based on
clinical and laboratory data might be challenging, as there is
significant overlap between various forms of ALD. Liver biopsy
remains the gold standard when the diagnosis is unclear,
especially when steroids are being considered. The most
important predictor for determining long-term survival in AH
patients is alcohol abstinence. Steroids have some short term
benefit in treatment of severe AH, but long term effect is
unclear. Overall, PTX does not improve outcomes in patients
with severe AH. Liver transplant has shown good results in the
management of AH patients who have failed medical therapy,
however patient selection remains a major challenge. There
are multiple ongoing clinical trials targeting novel pathways
involved in the pathogenesis of AH. Human iPSCs are currently
being used as a novel technology for studying the pathogenesis of ALD with potential for drug discovery.
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