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KEY CONCEPTS
Severe alcoholic steatohepatitis (ASH) is the major com-
plication of advanced alcoholic liver disease (ALD) and
has a high mortality even when treated with corticoste-
roids.
Despite the importance of reactive oxygen species in the
pathophysiology of ALD and ASH, antioxidants provide
no benefit in the treatment of patients with ASH.
Proinflammatory cytokines are important in the

pathophysiology of ALD and might mediate most of the
inflammatory aspects of these disorders.
New treatment modalities in ASH might involve antag-
onism of proinflammatory cytokines such as tumor ne-
crosis factor (TNF) by specific antibodies or other TNF-
interfering treatment strategies. Propylthiouracil and
S-adenosyl methionine may be beneficial to patients
with alcoholic cirrhosis, but both require further ran-
domized, controlled trials before their use can be rec-
ommended.
Liver transplantation is an effective therapy for patients
with advanced alcoholic cirrhosis who have not recov-
ered after a period of abstinence. Liver Transpl 13:
S69-S75, 2007. © 2007 AASLD.

Chronic consumption of alcohol can cause a spectrum
of liver abnormalities, ranging from simple steatosis
(fatty liver) to steatohepatitis, cirrhosis, and hepatocel-
lular carcinoma. Patients with alcohol-related steatosis
rarely manifest symptoms or signs suggestive of liver
disease and are usually identified incidentally from ab-
normal blood test results. Although steatosis can re-
verse within a few weeks of sobriety,1 it is a risk factor
for progression to fibrosis and cirrhosis in patients who
continue drinking, particularly when the steatosis is
severe. Only a minority of consistent, heavy drinkers
with hepatic steatosis will develop clinically relevant
liver disease, which suggests that other host or envi-

ronmental factors are important in determining the
evolution of alcohol-related liver disease.2

Risk factors for serious liver damage in habitual al-
cohol drinkers include polymorphisms in genes encod-
ing alcohol-metabolizing enzymes, genetic hemachro-
matosis, female sex, infection with hepatitis C virus,
obesity, exposure to other hepatotoxins (e.g., acetamin-
ophen), smoking, and absence of coffee drinking.2 In
most patients, however, an additional causative factor
is never identified. Common clinical presentations of
alcoholic liver disease (ALD) are the syndrome of acute
alcoholic steatohepatitis (ASH) and/or cirrhosis and its
complications. This paper focuses on the current man-
agement of patients with ALD, with emphasis on ASH
and liver cirrhosis

ABSTINENCE: THE CORNERSTONE OF
THERAPY

Because the cessation of alcohol or a marked reduction
in alcohol intake improves histology and/or survival of
patients with any stage of ALD,3 alcohol abstinence is
the cornerstone of management for patients with ALD.
However, no formal trials have been conducted of either
psychological or pharmacological therapies aimed at
reducing alcohol intake specifically in patients with
ALD.

ASH

Prognosis

The severity of ASH correlates with the serum bilirubin
level and prothrombin time (PT) after vitamin K admin-
istration. As part of a seminal clinical study on cortico-
steroid therapy in severe ASH, the discriminant func-
tion (DF) formula (bilirubin [mg/dL] � 4.6 [PT
prolongation]) was derived to predict disease severity
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and individual mortality risk in these patients.4 This DF
was later modified in the context of a further placebo-
controlled corticosteroid trial. A modified discriminant
function of �32 and/or the presence of encephalopathy
in placebo-treated patients in this latter study was as-
sociated with a 65% 28-day survival.5 A reanalysis has
since confirmed this finding and has also demonstrated
that patients with a score of �32 had a survival of
93%.6 A cutoff value of 32 has therefore been used and
is recommended as the threshold to consider cortico-
steroid treatment.7 The Model for End-stage Liver Dis-
ease (MELD) score has also been used as a prognostic
parameter in ASH,8 and Forrest et al.9 have recently
developed a new score for ASH—the Glasgow Alcoholic
Hepatitis Score (GAHS) (Fig. 1). Factors included in the
GAHS are age, white blood cell count, blood urea nitro-
gen concentration, PT ratio, and serum bilirubin con-
centration. The superiority of MELD and GAHS to the
modified DF in predicting short-term and long-term
survival awaits further studies.

Pharmacological Therapy

Progress in developing specific treatments for acute
ASH has been limited by poor understanding of disease
pathogenesis. Animal models indicate that ASH occurs
as a result of oxidative stress and/or endotoxin-medi-
ated cytokine release, which act through leukocyte re-
cruitment and activation to cause hepatocyte dysfunc-
tion, apoptosis, and necrosis (Fig. 2). At present,
however, evidence for these mechanisms in humans is
at best indirect. As a reflection of the lack of under-
standing of the pathophysiology of ASH, many treat-
ment modalities have been tried in patients with ASH;
however, none has been consistently shown to have a
beneficial effect, and accordingly, none has achieved
consensus status among practicing hepatologists.

Corticosteroids

Of all the treatments available for patients with severe
ASH, corticosteroids have been studied most inten-
sively. Many initial corticosteroid trials were poorly de-
signed and included patients who most likely did not
have ASH. Most of these trials showed no treatment
benefit; however, 2 randomized, controlled trials focus-
ing only on patients who had the worst prognosis (de-
fined by a DF of �32 and/or encephalopathy)5,10

showed a survival benefit of corticosteroid use. The
authors of the last 3 large randomized, controlled trials
pooled their individual patient data and included only
patients with encephalopathy and/or a DF of �32 (Fig.
3).6 This study showed that corticosteroids improved
survival vs. placebo (85% vs. 65%). A change in circu-
lating bilirubin levels on day 7 of therapy (i.e., a biliru-
bin level lower than the level on the first day of treat-
ment) might be another important prognostic factor
favoring a clinical response to corticosteroid therapy
(Fig. 4).11 The survival benefit from corticosteroid ther-
apy persists for only 1 year.12

Antioxidants

Interest in the potential value of antioxidant therapy as
a treatment for ASH derives from the growing body of
evidence suggesting that oxidative stress is a key mech-
anism underlying alcohol-mediated hepatotoxicity (Fig.
2). In the most recent study, corticosteroids were com-
pared with an antioxidant cocktail (�-carotene, vita-
mins C and E, selenium, methionine, allopurinol, des-
ferrioxamine, and N-acetylcysteine); corticosteroid
treatment had better efficacy and a higher survival rate
(Fig. 5).13 The survival advantage for the corticosteroid-
treated patients, however, was lost at 1 year of follow-
up. Another study investigated the role of antioxidants

1 2 3
  Age < 50 ≥ 50 -
  WCC (109/l) < 15 ≥ 15 -
  Urea (mmol/l) < 5 ≥ 5 -
  PT ratio < 1.5 1.5 – 2.0 > 2.0 
 Bilirubin (µmol/l) < 125 125 - 250 > 250

Figure 1. Glasgow Alcoholic Hepatitis Score (GAHS). PT,
prothrombin time; WCC, white cell count. From Forrest EH,
Evans CD, Stewart S, Phillips M, Oo YH, McAvoy NC, et al.
Analysis of factors predictive of mortality in alcoholic hepati-
tis and derivation and validation of the Glasgow Alcoholic
Hepatitis Score. Gut 2005;54:1174-1179.

Figure 2. Current view of pathogenesis of alcohol-induced
liver inflammation and role of the innate immune system.
ADH, alcohol dehydrogenase; CYP2E1, cytochrome P-450
2E1; TLR, toll-like receptor; TNF, tumor necrosis factor; IL,
interleukin. From Tilg H, Day CP. Management strategies in
alcoholic liver disease. Nat Clin Pract Gastroenterol Hepatol
2007;4:24-34.
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in patients with severe ASH who were stratified by gen-
der and corticosteroid treatment.14 The active group
received an initial loading dose of N-acetylcysteine of
150 mg/kg followed by 100 mg/kg/d for 1 week, and
vitamins A and E, biotin, selenium, zinc, manganese,
copper, magnesium, folic acid, and coenzyme Q daily
for 6 months. Antioxidant therapy showed no benefit
either alone or in combination with corticosteroids.

Nutritional Supplements

The efficacy of nutritional therapy in ASH has been
evaluated in numerous clinical trials. Although results

have varied, most studies have shown that nutritional
therapy improves liver function and histology with no
consistent reduction in mortality. A recent study has
compared enteral feeding with corticosteroids in 71 pa-
tients with acute severe ASH.15 Although there was no
difference in mortality between the groups during the
28-day treatment period, deaths occurred earlier in the
corticosteroid-treated patients, and the mortality rate
was lower in the enterally fed group in the year after
treatment.

Pentoxifylline

Pentoxifylline (PTX) is a nonselective phosphodiester-
ase inhibitor that has a moderate anticytokine effect
attributed to reduced transcription of the tumor necro-
sis factor (TNF) gene. In the first randomized, controlled
trial of PTX in patients with ASH, PTX was provided for
28 days to 101 patients who had a DF of �32 and led to
a 40% reduction in mortality compared with placebo
(Fig. 6).16 Importantly, almost all of the improvement in
survival was due to a decrease in mortality from hepa-
torenal syndrome. Further trials are needed to deter-
mine whether PTX should become a standard treat-
ment for patients with ASH.

Anti-TNF Antibody Treatment

The belief that TNF plays a role in the pathogenesis of
ALD (Fig. 2) has led to several studies with the anti-TNF
antibody infliximab (Remicade) in patients with ASH.
This chimeric human and mouse monoclonal antibody
binds to TNF and blocks its biological effects. The first
study randomly allocated 20 patients with biopsy-
proven severe ASH to prednisone 40 mg/d for 28 days
plus either infliximab 5 mg/kg (single dose) or place-
bo.17 At day 28, DF improved greatly only in the pred-
nisone plus infliximab group. Liver histology findings
were improved after a median time of 10 days (range,
8-12 days). A further pilot study treated 12 patients
with biopsy-confirmed ASH and a DF of �32 with in-
fliximab alone (single dose, 5 mg/kg) and reported a
marked decrease in bilirubin levels, DF, neutrophil

Figure 3. Twenty-eight-day survival in patients with dis-
criminant function >32 treated with corticosteroids or pla-
cebo. From Mathurin P, Mendenhall CL, Carithers RL Jr, Ray-
mond MJ, Maddrey WC, Garstide P, et al. Corticosteroids
improve short-term survival in patients with severe alcoholic
hepatitis AH: Individual data analysis of the last three ran-
domized placebo controlled double blind trials of corticoste-
roids in severe AH. J Hepatol 2002;36:480-487.

Figure 4. Six-month survival in patients treated with corti-
costeroids according to early biological response (ECBL).
From Mathurin P, Abdelnour M, Ramond MJ, Carbonell N,
Fartoux L, Serfaty L, et al. Early change in bilirubin levels is
an important prognostic factor in severe alcoholic hepatitis
treated with prednisolone. Hepatology 2003;38:1363-1369.

Figure 5. Randomized, controlled trial of antioxidants vs.
corticosteroids. From Phillips M, Curtis H, Portmann B,
Donaldson N, Bomford A, O’Grady J. Antioxidants versus cor-
ticosteroids in the treatment of severe alcoholic hepatitis—a
randomised clinical trial. J Hepatol 2006;44:784-790.
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counts, C-reactive protein, and reduced liver fat con-
tent and neutrophil infiltration.18 Mookerjee et al.19

tested the hypothesis that TNF is an important media-
tor of circulatory disturbances in ASH in infliximab-
treated patients. The mean hepatic venous pressure
gradient decreased greatly at 24 hours after adminis-
tration of infliximab with a sustained reduction before
hospital discharge. A small French multicenter ran-
domized, controlled trial studying infliximab in 36 pa-
tients with ASH was stopped in October 2002 by the
French drug agency because of increased mortality in
the infliximab group (Fig. 7).20 In this study, the au-
thors compared prednisolone (40 mg/d) with either pla-
cebo or infliximab given intravenously (10 mg/kg 3
times, at weeks 0, 2, and 4). The mean end point was 2
months’ mortality after the initial dose. An interim anal-
ysis revealed an increase in the incidence of infection
and higher mortality in the infliximab group, although
this increase did not reach statistical significance.

Liver Transplantation for ASH

Most clinical centers do not consider patients with se-
vere acute ASH for liver transplantation (LT). Nonethe-
less, there have been isolated reports of survival after
transplantation of patients with severe acute ASH. In
addition, there has been a report that the presence of
histological alcoholic hepatitis in the explanted liver of
patients transplanted for apparently chronic stable
ALD is not associated with a worse prognosis or an
increased risk of recidivism.21 Clearly, some patients
with ASH can benefit from transplantation. However,
more data are required before any firm recommenda-
tions can be provided on which patients (if any) are
likely to derive the most benefit.

ALCOHOLIC LIVER CIRRHOSIS

Although the high mortality of severe ASH, coupled
with the young age of many of the patients, makes it an
important area for therapeutic trials, most patients
with ALD in clinical practice have advanced fibrosis or
cirrhosis. The most important therapy is achieving and
maintaining abstinence, because this has been shown
to improve survival in patients with well-compensated
or decompensated liver disease.3 Unfortunately, no ad-
junctive pharmacotherapies have been shown to im-
prove survival in more than one randomized, controlled
trial, although some have shown promise. As a result,
the management of patients with advanced ALD is cur-
rently directed primarily at preventing and treating the
complications of cirrhosis and deciding if and when to
consider patients for orthotopic LT.

Pharmacological Therapy

Propylthiouracil

There has been one trial of propylthiouracil in alcoholic
liver cirrhosis reported to date in which treatment for 2
years improved mortality, particularly in patients who
continued to drink moderately during the trial.22 Al-
though the patient numbers were high (n � 310), a
large percentage of patients were either noncompliant
or dropped out of the study. For this reason, and as a
result of the lack of any confirmatory studies, propyl-
thiouracil has not been adopted as a treatment for al-
coholic liver cirrhosis.

Colchicine

Colchicine is an antiinflammatory drug that has been
evaluated in the treatment of patients with alcohol-
related and non–alcohol-related cirrhosis because of its
antifibrotic effect in vitro. However, a metaanalysis of

Figure 6. Randomized, controlled trial of pentoxifylline vs.
placebo. From Akriviadis E, Botla R, Briggs W, Han S, Reyn-
olds T, Shakil O. Pentoxifylline improves short-term survival
in severe acute alcoholic hepatitis: a double-blind, placebo-
controlled trial. Gastroenterology 2000;119:1637-1648.

CorticosteroidCorticosteroid group 82%group 82%

InfliximabInfliximab group 61%group 61%

100 %

80 %

60 %

40 %

20 30 40 50 60
Days
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0 %
0 10

3 doses 10mg/kg in 15days

Figure 7. Randomized, controlled trial of infliximab (Remi-
cade) vs. corticosteroids. From Naveau S, Chollet-Martin S,
Dharancy S, Mathurin P, Jouet P, Piquet MA, et al, for the
Foie-Alcool group of the Association Française pour l’Etude
du Foie. A double-blind randomized controlled trial of inflix-
imab associated with prednisolone in acute alcoholic hepati-
tis. Hepatology 2004;39:1390-1397.
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14 randomized, controlled trials of colchicine has found
no benefit of colchicine treatment on mortality or liver
histology in cirrhosis, and this has been confirmed by a
further large randomized study.23,24

Antioxidants

The evidence that oxidant stress is involved in the
pathogenesis of ALD has prompted trials of antioxi-
dants in patients with alcoholic liver cirrhosis. Two
trials have evaluated the drug silymarin, which is the
active component of the herb milk thistle and has po-
tent antioxidant properties in vitro and in vivo. The first
trial in 170 patients with cirrhosis (92 had ALD) who
were followed up for 2-6 years reported a beneficial
effect of silymarin on survival.25 By contrast, a later,
larger study of 200 patients with cirrhotic ALD who
were followed for 5 years showed no survival benefit.26

S-adenosyl methionine, which acts both as an antioxi-
dant by replenishing glutathione levels and as a methyl
donor maintaining cell membrane fluidity, has also
been evaluated in patients with alcoholic cirrhosis.
With death or LT used as a combined end point, Mato et
al.27 reported a beneficial effect of S-adenosyl methio-
nine treatment in patients with Child-Pugh class A and
B cirrhosis. Further trials with this agent are awaited
with interest.

Phosphatidylcholine

Phosphatidylcholine is an essential component of all
cell membranes and is vulnerable to attack by lipid
peroxidation. Through mechanisms that are as yet un-
clear, dietary supplementation with phosphatidylcho-
line has been shown to attenuate ethanol-induced fi-
brosis in baboons. In a long-term trial in patients with
alcoholic cirrhosis, there was a trend toward improve-
ment in transaminase and bilirubin levels in the phos-
phatidylcholine group for certain patient subgroups
(heavy drinkers and those with hepatitis C), but there
was no overall improvement in mortality or liver histol-
ogy at 24 months.28

LT FOR ALCOHOLIC CIRRHOSIS

LT for patients with ALD remains controversial, princi-
pally as a result of concerns about the risk of posttrans-
plantation relapse and its effect on outcome and public
opinion at a time of increasing donor shortage. These
issues, coupled with a perception that these patients
are more likely to have contraindications to transplan-
tation, either as a result of extrahepatic complications
of excessive alcohol abuse or an associated lack of self-
care, have contributed to a continued reluctance of
many centers to offer LT to patients with ALD.

Outcome of LT for ALD

Several studies have demonstrated that the survival of
patients who undergo transplantation for cirrhotic ALD
is comparable to patients with cirrhosis of alternative
etiologies, with 5- and 10-year survival rates lying
somewhere between those of patients transplanted for
cholestatic and viral hepatitis–related liver disease.

Furthermore, there is no evidence that patients with
ALD have a higher frequency of postoperative compli-
cations or resource use compared with patients trans-
planted for other indications, despite undergoing trans-
plantation at a more advanced stage of disease.29

Poynard et al.30 demonstrated that ALD patients with
severe disease, as judged by a Child-Pugh score of �11,
had a greatly improved 5-year survival with transplan-
tation compared with matched and simulated controls,
whereas patients with less severe liver disease fared no
better with transplantation (Fig. 8).

Posttransplantation Relapse

Perhaps the greatest concern when considering trans-
plantation for patients with ALD is the risk of relapse
and its effect on outcome and public opinion. Efforts to
minimize the risk of posttransplantation relapse are
therefore important, not only for the individual patient,
but also to avoid the likely adverse effect this has on the
organ-donating public.

Comorbidity

Excessive alcohol consumption can affect many organ
systems apart from the liver, and this can potentially
give rise to contraindications to surgery. In practice,
however, although many transplant units routinely
screen ALD patients for cardiac and cerebral complica-
tions of excessive alcohol intake, this results in the
exclusion of very few patients.31

Preoperative Abstinence

Most centers require ALD patients to have been absti-
nent for a period of time before assessment. This is
primarily to give the liver a chance to recover sponta-
neously, but it also allows time for other alcohol-related

Figure 8. Survival of alcoholic liver disease patients trans-
planted vs. nontransplanted and simulated controls by Child-
Pugh (CP) score. From Poynard T, Barthelemy P, Fratte S,
Boudjema K, Doffoel M, Vanlemmens C, et al. Evaluation of
efficacy of liver transplantation in alcoholic cirrhosis by a
case-control study and simulated controls. Lancet 1994;344:
502-507.
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morbidities to recover, thereby improving the patient’s
fitness for surgery and, importantly, satisfying public
opinion. The role of preoperative abstinence in predict-
ing posttransplantation recidivism remains controver-
sial. Although there is broad consensus on the need for
a period of pretransplantation abstinence, there is far
less agreement on the requirement for a minimum du-
ration. Many units have insisted on a 6-month period of
abstinence, although a study that demonstrated that
the chance of recovery in patients with decompensated
ALD can be predicted as early as 3 months32 has led
some observers to suggest that, if required at all, the
minimum period of abstinence could safely be reduced
to 3 months rather than 6 months.33 Currently, it
seems that in practice most centers do not adhere
strictly to a fixed period of abstinence, instead prefer-
ring to assess each case on an individual basis and
listing the patient when it recovery is considered un-
likely.34
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