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Pathophysiology
Oxidative stress and increased gut permeability 
are two major mechanisms triggering hepatic 
inflammation leading to AH.6,8,9 By products of 
alcohol metabolism via the two major pathways 
lead to the formation of free radicals and 
increased oxidative stress. Alcohol is reduced to 
acetaldehyde and acetate by the enzymes alcohol 
dehydrogenase and acetaldehyde dehydrogenase, 
respectively. These enzymes convert NAD to 
NADH. An increased NADH/NAD ratio leads 
to the suppression of gluconeogenesis, increased 
fatty acid (FA) oxidation, and fatty infiltration.10,11 

Alcohol increases the activity of cytochrome 
P-4502E1, which also produces free radicals.  
Decreased levels of glutathione make the liver even 
more prone to oxidative stress.11,12 The release of 
free radicals leads to the activation of inflammatory 
cytokines (TNF-α, IL-1 and IL-6 ), which in turn 
causes hepatic inflammation. Chronic alcohol 
use also leads to severe gut dysfunction due to 
intestinal bacterial overgrowth and the disruption 
of the tight junctions of the epithelial cells of the 
gut mucosa.13,14,15 These changes increase the 
permeability of the gut and cause a leakage of 
bacteria and endotoxins into the blood stream. 

(continued on page 52)

INTRODUCTION

Alcoholic Hepatitis (AH) is an acute clinical 
entity characterized by jaundice and 
coagulopathy occurring in individuals with 

a history of heavy alcohol use. It is associated 
with a high mortality rate, as treatment options 
available to date have been underwhelming.1,2,3,4  
In this review we discuss AH with an emphasis 
on potential future treatment options.

Epidemiology
The true incidence and prevalence of AH is difficult 
to define, as is the amount and duration of alcohol 
use needed to cause AH.5 Most individuals present 
between the age of 40 and 50. Typically, they have 
a history of using more than 100g/day over a time 
period of two decades.7 AH is more prevalent in 
men given their higher tendency to abuse alcohol.  
Binge drinking also increases the risk of AH.4 In 
patients with severe AH, the short-term mortality 
can be as high as 45%.5,6
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Increased levels of bacterial lipopolysaccharides 
(LPS) cause an activation of inflammatory 
cytokines, eventually leading to hepatic necrosis 
and inflammation.16 (Table 1.)

Clinical Presentation
Symptoms of AH tend to be nonspecific and 
variable.6 Elevated bilirubin is considered 
characteristic of AH.17 Other findings include fever, 
right upper quadrant abdominal pain, anorexia, 
and abdominal distension due to ascites. Severe 
cases may present with hepatic encephalopathy. 
Renal failure due to hepatorenal syndrome (HRS) 
and bleeding due to coagulopathy can also be 
seen.18,19 Features of chronic liver disease such 
as spider angiomata, gynecomastia, and proximal 
muscle wasting are common. Alcohol withdrawal 
causing tremors, seizures, delirium, and coma can 
complicate matters.

Lab abnormalities include elevated bilirubin, 
mild leukocytosis with neutrophilic predominance, 
elevated aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT), anemia, 

thrombocytopenia, and elevated international 
normalized ratio (INR). AST/ALT levels are 
typically below 500 mg/dl with an AST/ALT 
ratio that is more than two being characteristic of 
AH. This is attributed to a deficiency of pyridoxal 
5’-phosphate in alcoholics, which is required for 
the enzymatic activity of ALT.17, 21 Reversal of this 
ratio should lead to the workup for other etiologies 
of hepatitis.

DIAGNOSIS
The diagnosis of AH is a clinical one.6 A medical 
history should be obtained in detail with an 
emphasis on the amount and duration of alcohol 
intake. Some patients may not have been drinking 
for a few weeks prior to presentation but may 
still have AH. This history, in conjunction with 
lab findings, helps to make the diagnosis. Other 
etiologies of acute hepatitis need to be ruled out 
if the clinical features and labs are inconsistent 
with AH.  Although liver biopsy is not routinely 
indicated, it is recommended if there is a doubt 
about the diagnosis and an alternate diagnosis is 
suspected. Pathology shows ballooning hepatocytes, 

Table 1.  Pathophysiology of AH: Oxidative stress and Increased gut permeability leads to release of 
inflammatory cytokines which cause hepatic necrosis and inflammation.
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GAHS uses age, serum bilirubin, blood urea 
nitrogen, prothrombin time, and peripheral white 
blood cell count. This multivariable scoring system 
also predicts mortality in AH. Patients with a 
DF ≥32 and GAH score ≥9 had higher survival 
rates after receiving steroids.26

AHHS score requires a liver biopsy, which as 
previously mentioned is not performed routinely 
for AH. It also predicts severity and 90-day 
mortality in AH. The stage of fibrosis, degree of 
neutrophilic infiltration, and type of bilirubinostasis 
are the major variables predicting severity and 
prognosis.27,28 A high stage of fibrosis and presence 
of bilirubinostasis favors a poor outcome. A higher 
degree of neutrophilic infiltration and the presence 
of megamitochondria represents an early stage of 
hepatocellular injury and represents a favorable 
prognosis.29,30,31

The Lille score helps to identify the response 
to glucocorticoids.  It uses the decrease in bilirubin 
after one week of glucocorticoid treatment as a 
marker of response. The score is calculated one 
week after steroid initiation. Scores of more than 
0.45 predict a poor prognosis with 6-month survival 
rate of less than 25%.32 Glucocorticoids should be 
stopped in patients who are steroid non-responders 
(score ≥ 0.56).

Treatment
Treatment of AH with steroids and pentoxifylline 
has been the mainstay for many years. The 
importance of nutritional support cannot be 
understated. It is also vital that the virtues of 

Mallory-Denk bodies, severe fibrosis (usually 
micronodular, but sometimes mixed macro- and 
micronodular) starting from the central vein and 
extending into the portal triad, and neutrophilic 
infiltration.20 

Scoring Systems in AH
Various scoring systems have been developed for 
AH in order to assist in determining the severity and 
prognosis, and to guide treatment. The Maddrey 
discriminant function (DF) score and model for 
end-stage liver disease (MELD) score are the most 
commonly utilized.14,23,24 Other less commonly 
used ones are the Glasgow alcoholic hepatitis 
score (GAHS), alcoholic hepatitis histology score 
(AHHS), and Lille score.

DF uses the prothrombin time (PT) and 
bilirubin levels with the equation to calculate the 
score being: 4.6 x [prothrombin time (sec) - control 
prothrombin time (sec)]) + (serum bilirubin).  
Patients with a DF ≥32 have an almost 50% short 
term mortality (severe AH) and may benefit from 
glucocorticoid treatment.25 Individuals with a DF< 
32 will not benefit from steroids.

MELD score is typically used for prioritization 
of liver transplant and to predict mortality in 
cirrhotic patients, but it has also been used in 
predicting prognosis in AH. It takes the creatinine, 
total bilirubin, and INR into account. An increase 
in the MELD score of ≥2 points in the first week 
of hospitalization may independently predict 
mortality.22 MELD ≥ 21 has a 75% sensitivity 
and specificity in predicting 3 months mortality 
(20%).28

(continued on page 59)

Table 2. Novel Agents for AH (under studies)
Name Class of Drug Mechanism of Action

Anakinra IL-1 receptor Antagonist Suppress Hepatic Inflammation

Metadoxine Antioxidant Decrease oxidative stress and free radicals

Emricasan Caspase inhibitor Decrease apoptosis and fibrosis

Obeticholic acid Farnesoid X receptor agonist Bile metabolism, protect against cholestatic injury

Probiotics Modify Gut microbiota Decrease translocation of gut bacteria and endotoxins

Rifaximin Antibiotic Reduce endotoxin levels and modify gut microbiota

S-adenosyl-l-methionine Antioxidant Decrease oxidative stress
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as an alternative therapy in patients with severe 
AH in whom steroids are contraindicated or in 
patients with renal failure.42 It is not recommended 
in patients who are steroid non-responders. The 
combined use of pentoxifylline and steroids has 
not demonstrated a mortality benefit and is not 
recommended.42

Liver Transplant
Liver transplant is considered in those with 
severe AH who have failed medical management.  
Studies have shown a significant long-term 
mortality benefit in patients who underwent liver 
transplantation. Six month and two-year survival 
were significantly higher in patients who received 
early liver transplant despite being active drinkers 
upon presentation.52 Most transplant centers require 
a minimum of six months of abstinence before 
considering liver transplant. Given that severe AH 
carries a high mortality, many patients do not survive 
long enough to meet this criterion. Although early 
liver transplant in AH has good outcomes, patient 
selection is very difficult. Alcohol relapse after 
transplantation is a challenge, and it is therefore 
no surprise that ethical and sociocultural factors 
play a big role. More studies are needed in order 
to create better criteria for transplant eligibility.

Granulocyte Colony Stimulating Factor (G-CSF)
G-CSF acts by mobilizing the hematopoietic 
stem cells that cause liver regeneration.53,54 
It also increases the bactericidal activity of 
neutrophils.57,58 Studies have shown that G-CSF 
leads to the production of CD34+ stem cells and 
induces proliferation of hepatic progenitor cells 
which can lead to liver regeneration.55,56 This leads 
to decreased infections, improved DF score, and 
increased three month survival.59 The studies 
conducted so far have only compared GCSF with 
pentoxifylline or with normal controls not receiving 
any pharmacological treatment. None of the studies 
have compared outcomes with patients on steroids. 
The treatment may improve survival in patients 
who are steroid ineligible or steroid refractory, but 
this needs to be further researched. 

Extra Corporal Liver Support
Various biologic and non-biologic liver support 
systems are being developed and studied in AH. 

abstinence be stressed to patients. Resources such 
as alcoholics anonymous should be utilized. The 
feasibility of early transplant, even in those who 
are actively drinking, continues to be studied and 
is advocated by some. There are also many other 
novel treatments being looked at. While none are 
ready for widespread usage at this time, they do 
provide for some potentially exciting opportunities 
in the future.

Nutrition
Most patients with AH have nutritional deficiencies 
and protein calorie malnutrition.36 Randomized 
controlled trials have come to different conclusions 
in regards to the role and survival benefit of enteral 
nutrition, but poor nutritional status is associated 
with worse outcomes in AH. All patients should get 
a calorie count and should receive enough calorie 
supplementation to meet their needs. Protein intake 
does not need to be restricted.33 The enteral route is 
preferred since it maintains gut mucosal integrity, 
decrease the risk of bacterial translocation, and is 
cost-effective.34,35

Steroids
Treatment with glucocorticoids is indicated in 
severe AH (DF≥32) or hepatic encephalopathy.43,44,45  
Glucocorticoids decrease the levels of TNF and 
IL8, ultimately decreasing inflammation.46,47  
Prednisolone is the steroid of choice since it does 
not require conversion to any active metabolites 
in the liver,48 although it is contraindicated in 
renal failure, active gastrointestinal bleeding, 
uncontrolled hyperglycemia, acute pancreatitis, 
psychosis, and infection.49, 50 Prednisolone 40 mg/
day orally is given for four weeks, followed by a 
gradual taper over the next two weeks in patients 
who are steroid responders.25 Response to steroids 
is determined by the Lille score, calculated one 
week after the start of steroids.

Pentoxifylline
Pentoxifylline acts by inhibiting phosphodiesterase 
and decreasing the levels of TNF.37,38 It is known 
to decrease the incidence of HRS in AH.39,40,41 The 
studies and trials conducted to date, including the 
STOPAH study, have concluded that pentoxifylline 
has no impact on mortality in AH. It may be used 

(continued from page 53)
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analysis was subsequently performed, with similar 
profile found between donors and recipients at the 
one-year mark.

Immune Modulation
One potential therapy target is chemokines. These 
molecules, especially CCL20,70 play an important 
role in alcoholic hepatitis due to upregulation. 
Targeting this molecule, along with IL8, is being 
studied in order to see if a safe and effective 
therapy may be developed. Secukinamab is an 
anti IL-17a monoclonal antibody, currently used 
for rheumatoid arthritis, that may play a role in 
AH.7 IL-10, anti-osteoponin, and anti-TNF agents 
are also being looked at to see if they might be 
effective against AH. Osteoponin is an extracellular 
protein matrix that is highly expressed in alcoholic 
hepatitis and may be a good potential target for 
treatment as well.72

Granulacytapheresis
This is a technique in which granulocytes and 
monocytes are removed from patient blood. It is 
well tolerated, may be beneficial in steroid non-
responders, and is under further study in AH 
patients.73

CONCLUSION
Alcoholic hepatitis is a relatively common 
condition that can have deadly consequences for 
patients, and is burdensome for society at large 
given the loss of productivity and costs that are 
associated with it. Fortunately, research continues 
to elucidate the pathophysiology of the disease and 
this may potentially lead to new breakthroughs in 
treatment. Novel treatments such as FMT deserve 
further study, as does early transplantation. Despite 
these advances, nutrition and abstinence are two 
relatively simple interventions that need to be 
the cornerstone of any treatment regimen going 
forward. 

References
1. Jinjuvadia R, Liangpunsakul S, Translational Research 

and Evolving Alcoholic Hepatitis Treatment Consortium. 
Trends in Alcoholic Hepatitis-related Hospitalizations, 
Financial Burden, and Mortality in the United States. J Clin 
Gastroenterol 2015; 49:506.

2. Fedeli U, Avossa F, Guzzinati S, et al. Trends in mortality 
from chronic liver disease. Ann Epidemiol 2014; 24:522.

Extracorporeal cellular therapy (ELAD) is a biologic 
system that uses liver cells (C3Acells). These cells 
have anti-inflammatory and antioxidative properties 
that help regenerate the liver.60,61,62 Non-biologic 
liver support devices use the concepts of plasma 
exchange and albumin dialysis. Some examples 
of such devices are single pass albumin dialysis 
(SPAD), molecular adsorbent recirculating system 
(MARS), and fractionated plasma separation and 
adsorption (PROMETHEUS). MARS therapy has 
been shown to decrease serum bilirubin and serum 
creatinine. It also leads to clearance of hepatic 
encephalopathy.63 The favorable effects of albumin 
dialysis in patients with severe AH suggest that 
the procedure used alone or in combination with 
other pharmacological therapies may play a role 
in the future. However, prior to being used further 
it has to be proven to be effective in well-designed 
randomized controlled trials, especially in terms of 
improving both short- and long-term survival.64 The 
outcome of ELAD depends on the severity of AH 
and organ dysfunction. Patients with acute renal 
failure, severe coagulopathy, age >50 and MELD 
>28 have worse outcomes with ELAD.62 ELAD 
can work as a bridge therapy for liver transplant 
in younger patients who do not have renal failure 
or severe coagulopathy.  

N Acetyl Cysteine (NAC)
N Acetyl cysteine acts by replenishing glutathione 
levels, which tend to be depleted in AH. NAC alone 
is not an effective treatment for AH.65,66,67 That 
being said, the combined use of NAC and steroids 
decreases the risk of infections and hepatorenal 
syndrome. Combination therapy also decreases 
short term mortality but has no long-term survival 
benefit.68 Further studies are needed before making 
the combination therapy of NAC and steroids a 
standard of care in AH.

Stool Transplant / Fecal Microbiota 
Transplant (FMT)
Studies looking at healthy donor fecal microbiota 
transplant (FMT) have shown improved survival 
at one year in steroid ineligible patients.69 In one 
trial, patients with severe alcoholic hepatitis were 
transplanted for seven continuous days with the 
goal of modulating patient gut bacteria. Microbiota (continued on page 62)



62 PRACTICAL GASTROENTEROLOGY •  DECEMBER 2018

LIVER DISORDERS, SERIES #10

Alcoholic Hepatitis: A Review

holic hepatitis: a prospective comparison of scoring systems. 
Aliment Pharmacol Ther 2013; 38:603.

25. Maddrey WC, Boitnott JK, Bedine MS, Weber FL, Mezey 
E, White RI. Corticosteroid therapy of alcoholic hepati-
tis. Gastroenterology. 1978;75:193–199

26. Forrest EH, Morris AJ, Stewart S, et al. The Glasgow alco-
holic hepatitis score identifies patients who may benefit from 
corticosteroids. Gut 2007; 56:1743.

27. Dominguez M, Rincon D, Abraldes JG, et al. A new scoring 
system for prognostic stratification of patients with alcoholic 
hepatitis. Am J Gastroenterol. 2008;103:2747–56

28. Dunn W, Jamil LH, Brown LS, et al. MELD accurately pre-
dicts mortality in patients with alcoholic hepatitis.Hepatology. 
2005;41:353–358

29. Mathurin P, Duchatelle V, Ramond MJ, et al. Survival and 
prognostic factors in patients with severe alcoholic hepatitis 
treated with prednisolone. Gastroenterology. 1996;110:1847–
53.

30. Chedid A, Mendenhall CL, Tosch T, et al. Significance of 
megamitochondria in alcoholic liver disease.Gastroenterology. 
1986;90:1858–64

31. Stewart RV, Dincsoy HP. The significance of giant mitochon-
dria in liver biopsies as observed by light microscopy. Am J 
Clin Pathol. 1982;78:293–8

32. Louvet A, et al. The Lille model: a new tool for therapeutic 
strategy in patients with severe alcoholic hepatitis treated 
with steroids. Hepatology. 2007;45:1348–54

33. Cordoba J, Lopez-Hellin J, Planas M, et al. Normal protein 
diet for episodic hepatic encephalopathy: results of a random-
ized study. J Hepatol. 2004;41:38–43.

34. O’Shea RS, Dasarathy S, McCullough AJ. Alcoholic liver 
disease. Hepatology. 2010;51:307–328.

35. Singal AK, Charlton MR. Nutrition in alcoholic liver disease. 
Clin Liver Dis. 2012;16:805–826.

36. Mendenhall CL, Anderson S, Weesner RE, Goldberg SJ, 
Crolic KA. Protein-calorie malnutrition associated with alco-
holic hepatitis. Veterans Administration Cooperative Study 
Group on Alcoholic Hepatitis. Am J Med.1984;76:211–222

37. Strieter RM, Remick DG, Ward PA, Spengler RN, Lynch 
JP, Larrick J, Kunkel SL. Cellular and molecular regulation 
of tumor necrosis factor-alpha production by pentoxifyl-
line. Biochem Biophys Res Commun.1988;155:1230–1236

38. Morgan TR, McClain CJ. Pentoxifylline and alcoholic hepa-
titis. Gastroenterology. 2000;119:1787–1791

39. Whitfield K, Rambaldi A, Wetterslev J, Gluud C. 
Pentoxifylline for alcoholic hepatitis. Cochrane database of 
systematic reviews. 2009:CD007339

40. Lebrec D, Thabut D, Oberti F, et al. Pentoxifylline does not 
decrease short-term mortality but does reduce complica-
tions in patients with advanced cirrhosis. Gastroenterology. 
2010;138:1755–1762

41. Akriviadis E, Botla R, Briggs W, Han S, Reynolds T, Shakil 
O. Pentoxifylline improves short-term survival in severe 
acute alcoholic hepatitis: a double-blind, placebo-controlled 
trial. Gastroenterology. 2000;119:1637–1648. 

42. Singal AK, Kamath PS, Gores GJ, Shah VH. Alcoholic 
hepatitis: current challenges and future directions. Clin 
Gastroenterol Hepatol. 2014;12:555–564. 

43. Christensen E, Gluud C. Glucocorticoids are ineffective in 
alcoholic hepatitis: a meta-analysis adjusting for confounding 
variables. Gut. 1995;37(1):113–118.

44. Rambaldi A, Saconato HH, Christensen E, Thorlund K, 
Wetterslev J, Gluud C. Systematic review: glucocorticoste-
roids for alcoholic hepatitis—a Cochrane Hepato-Biliary 
Group systematic review with meta-analyses and trial sequen-
tial analyses of randomized clinical trials. Aliment Pharmacol 
Ther. 2008;27(12):1167–1178. 

45. Gene Y. Im, MD and Michael R. Lucey, MD, Practical 

3. Mendenhall CL, Moritz TE, Roselle GA, et al. A study of 
oral nutritional support with oxandrolone in malnourished 
patients with alcoholic hepatitis: results of a Department of 
Veterans Affairs cooperative study. Hepatology 1993; 17:564.

4. Sarpreet Basra, Bhupinderjit S Anand ,Definition, epidemiol-
ogy and magnitude of alcoholic hepatitis.World J Hepatol 
2011 May 27; 3(5): 108-113

5. Thompson JA1 Martinson N2 Martinson M. Mortality and 
costs associated with alcoholic hepatitis: A claims analysis 
of a commercially insured population.Alcohol. 2018 Mar 
2;71:57-63. doi: 10.1016/j.alcohol.2018.02.003. 

6. Phoenix Fung and Nikolaos Pyrsopoulos , Emerging concepts 
in alcoholic hepatitis World J Hepatol. 2017 Apr 28; 9(12): 
567–585. 

7. Cohen SM, Ahn J. Review article: the diagnosis and manage-
ment of alcoholic hepatitis. Aliment Pharmacol Ther 2009; 
30:3.

8. Benjamin L. Woolbright* and Hartmut Jaeschke, Alcoholic 
Hepatitis: Lost in Translation J Clin Transl Hepatol. 2018 
Mar 28; 6(1): 89–96. 17. 

9. Li Y, Zhou J. Roles of silent information regulator 1-serine/
arginine-rich splicing factor 10-lipin 1 axis in the pathogen-
esis of alcohol fatty liver disease. Exp Biol Med (Maywood). 
2017 Jun;242(11):1117-25

10. Berg JM, Tymoczko JL. In: Freeman W. Biochemistry. New 
York; 2002. Section 30.5, Ethanol Alters Energy Metabolism 
in the Liver.

11. . Lieber CS. Microsomal ethanol-oxidizing system (MEOS): 
the first 30 years (1968-1998)--a review. Alcohol Clin Exp 
Res. 1999;23:991–1007

12. Masalkar PD, Abhang SA. Oxidative stress and antioxidant 
status in patients with alcoholic liver disease. Clin Chim 
Acta. 2005;355:61–65

13. Thurman RG, Bradford BU, Iimuro Y, Knecht KT, Arteel 
GE, Yin M, et al. The role of gut-derived bacterial toxins and 
free radicals in alcohol-induced liver injury. J Gastroenterol 
Hepatol. 1998;13:S39–S50. doi:10.1111/jgh.1998.13

14. Mathurin P, Deng QG, Keshavarzian A, Choudhary S, Holmes 
EW, Tsukamoto H. Exacerbation of alcoholic liver injury by 
enteral endotoxin in rats. Hepatology. 2000;32:1008–1017. . 

15. Yan AW, Fouts DE, Brandl J, Stärkel P, Torralba M, Schott 
E, et al. Enteric dysbiosis associated with a mouse model of 
alcoholic liver disease. Hepatology. 2011;53:96–105. 

16. Benjamin L. Woolbright* and Hartmut Jaeschke J, Alcoholic 
Hepatitis: Lost in Translation Clin Transl Hepatol. 2018 Mar 
28; 6(1): 89–96.

17. Randy Liang, Andy Liu, Ryan B Perumpail, Robert J Wong, 
and Aijaz Ahmed, Advances in alcoholic liver disease: An 
update on alcoholic hepatitis.World J Gastroenterol. 2015 
Nov 14; 21(42): 11893–11903. 

18. Levitsky J, Mailliard ME. Diagnosis and therapy of alcoholic 
liver disease. Semin Liver Dis 2004; 24:233.

19. Mathurin P, Lucey MR. Management of alcoholic hepatitis. J 
Hepatol 2012; 56 Suppl 1:S39.

20. European Association for the Study of Liver. EASL clinical 
practical guidelines: management of alcoholic liver disease. J 
Hepatol.2012;57:399–420.

21. Sass DA, Shaikh OS. Alcoholic hepatitis. Clin Liver Dis. 
2006;10:219–237, vii

22. Srikureja W, Kyulo NL, Runyon BA, Hu KQ. MELD score 
is a better prognostic model than Child-Turcotte-Pugh score 
or Discriminant Function score in patients with alcoholic 
hepatitis. J Hepatol 2005; 42:700.

23. European Association for the Study of Liver. EASL clinical 
practical guidelines: management of alcoholic liver disease. J 
Hepatol 2012; 57:399.

24. Lafferty H, Stanley AJ, Forrest EH. The management of alco-

(continued from page 60)



LIVER DISORDERS, SERIES #10

Alcoholic Hepatitis: A Review

PRACTICAL GASTROENTEROLOGY •  DECEMBER 2018 63

Concerns and Controversies in the Management of Alcoholic 
Hepatitis .Gastroenterol Hepatol (N Y). 2016 Aug; 12(8): 
478–489.

46. Barnes PJ, Karin M. Nuclear factor-kappaB: a pivotal tran-
scription factor in chronic inflammatory diseases.N Engl J 
Med. 1997;336:1066–1071. 

47. Spahr L, Rubbia-Brandt L, Pugin J, Giostra E, Frossard JL, 
Borisch B, Hadengue A. Rapid changes in alcoholic hepatitis 
histology under steroids: correlation with soluble intercellu-
lar adhesion molecule-1 in hepatic venous blood. J Hepatol. 
2001;35:582–589. 

48. O’Shea RS, Dasarathy S, McCullough AJ. Alcoholic liver 
disease. Hepatology. 2010;51:307–328. 

49. Behnam Saberi,*1 Alia S. Dadabhai1 Yoon-Young Jang2 

Ahmet Gurakar1 and Esteban Mezey1  Current Management 
of Alcoholic Hepatitis and Future Therapies J Clin Transl 
Hepatol. 2016 Jun 28; 4(2): 113–122.

50. Singal AK, Walia I, Singal A, Soloway RD. Corticosteroids 
and pentoxifylline for the treatment of alcoholic hepatitis: 
Current status. World J Hepatol. 2011;3:205–210.

51. Mathurin P, O’Grady J, Carithers RL, et al. Corticosteroids 
improve short-term survival in patients with severe alcoholic 
hepatitis: meta-analysis of individual patient data. Gut 2011; 
60:255.

52. Mathurin P, Moreno C, Samuel D, Dumortier J, Salleron J, 
Durand F, Castel H, Duhamel A, Pageaux GP Leroy V et al. 
Early liver transplantation for severe alcoholic hepatitis.  N 
Engl J Med. 2011;365: 1790-1800.

53. Theocharis SE, Papadimitriou LJ, Retsou ZP, Margeli AP, 
Ninos SS, Papadimitriou JD. Granulocyte-colony stimulating 
factor administration ameliorates liver regeneration in animal 
model of fulminant hepatic failure and encephalopathy. Dig 
Dis Sci. 2003;48:1797–1803.

54. Yannaki E, Athanasiou E, Xagorari A, Constantinou V, 
Batsis I, Kaloyannidis P, Proya E, Anagnostopoulos A, 
Fassas A. G-CSF-primed hematopoietic stem cells or G-CSF 
per se accelerate recovery and improve survival after liver 
injury, predominantly by promoting endogenous repair pro-
grams. Exp Hematol. 2005;33:108–119. 

55. Spahr L, Lambert JF, Rubbia-Brandt L, Chalandon Y, 
Frossard JL, Giostra E, Hadengue A. Granulocyte-colony 
stimulating factor induces proliferation of hepatic progenitors 
in alcoholic steatohepatitis: a randomized trial.Hepatology. 
2008;48:221–229.

56. Saggere Muralikrishna Shasthry and Shiv Kumar Sarin, 
New treatment options for alcoholic hepatitis.World J 
Gastroenterol. 2016 Apr 21; 22(15): 3892–3906.

57. Rolas L, Makhezer N, Hadjoudj S, El-Benna J, Djerdjouri B, 
Elkrief L, Moreau R, Périanin A. Inhibition of mammalian 
target of rapamycin aggravates the respiratory burst defect 
of neutrophils from decompensated patients with cirrhosis. 
Hepatology. 2013;57:1163–1171. 

58. Moreau R, Rautou PE. G-CSF therapy for severe alcoholic 
hepatitis: targeting liver regeneration or neutrophil func-
tion, Am J Gastroenterol. 2014;109:1424–1426. 

59. Singh V, Sharma AK, Narasimhan RL, Bhalla A, Sharma 
N, Sharma R. Granulocyte colony-stimulating factor in 
severe alcoholic hepatitis: a randomized pilot study. Am J 
Gastroenterol. 2014;109:1417–1423.

60. Ezquer F, Bruna F, Calligaris S, Conget P, Ezquer 
M. Multipotent mesenchymal stromal cells: a promising strat-
egy to manage alcoholic liver disease. World J Gastroenterol 
2016;22:24–36.

61. Lanthier N, Lin Marq N, Rubbia Brandt L, Clément S, 
Goossens N, Spahr L. Autologouse bone marrow derived 
cell transplantation in decompensated alcoholic liver disease: 
what is the impact on liver histology and gene expression 
patterns? Stem Cell Res Ther 2017;8:88.

62. Julie Thompson1 Natasha Jones2 Ali Al Khafaji3 Shahid 
Malik3 David Reich4 Santiago Munoz4 Ross MacNicholas5 
Tarek Hassanein6 Lewis Teperman7 Lance Stein8 Andrés 
Duarte Rojo9 Raza Malik10 Talal Adhami11 Sumeet Asrani12 

Nikunj Shah13 Paul Gaglio14 Anupama Duddempudi15 
Brian Borg16 Rajiv Jalan17 Robert Brown18 Heather Patton19 

Rohit Satoskar20 Simona Rossi21 Amay Parikh22 Ahmed 
El Sharkawy23 Parvez Mantry24 Linda Sher25 David Wolf26 

Marquis Hart27 Charles Landis28 Alan Wigg29 Shahid Habib30 
Geoffrey McCaughan31 Steven Colquhoun32 Alyssa Henry33 

Patricia Bedard33 Lee Landeen33 Michael Millis34 Robert 
Ashley33 William Frank33 Andrew Henry33 Jan Stange33,35 
†Ram Subramanian2 †and on behalf of the VTI 208 Study 
Group, Extracorporeal cellular therapy (ELAD) in severe 
alcoholic hepatitis: A multinational, prospective, controlled, 
randomized trial. Liver Transpl. 2018 Mar; 24(3): 380–393.

63. Bañares R, Nevens F, Larsen FS, Jalan R, Albillos A, 
Dollinger M, Saliba F, Sauerbruch T, Klammt S, Ockenga 
J, et al. Extracorporeal albumin dialysis with the molecular 
adsorbent recirculating system in acute-on-chronic liver 
failure: the RELIEF trial. Hepatology. 2013;57:1153–1162.
[PubMed]

64. Albert Parés and Antoni Mas, Extracorporeal liver support in 
severe alcoholic hepatitis.World J Gastroenterol. 2014 Jul 7; 
20(25): 8011–8017.

65. Moreno C, Langlet P, Hittelet A, Lasser L, Degré D, Evrard S, 
Colle I, Lemmers A, Devière J, Le Moine O. Enteral nutrition 
with or without N-acetylcysteine in the treatment of severe 
acute alcoholic hepatitis: a randomized multicenter controlled 
trial. J Hepatol. 2010;53:1117–1122. 

66. 74. Stewart S, Prince M, Bassendine M, Hudson M, James O, 
Jones D, Record C, Day CP. A randomized trial of antioxidant 
therapy alone or with corticosteroids in acute alcoholic hepa-
titis. J Hepatol. 2007;47:277–283. 

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

68. Nguyen-Khac E, Thevenot T, Piquet MA, Benferhat S, Goria 
O, Chatelain D, Tramier B, Dewaele F, Ghrib S, Rudler M, et 
al. Glucocorticoids plus N-acetylcysteine in severe alcoholic 
hepatitis. N Engl J Med.2011;365:1781–1789. 

69. Cyriac Abby Philips, Apurva Pande, S. Murali Shasthry, Kapil 
Dev Jamwal,Vikas Khillan, Shivendra Singh Chandel,Guresh 
Kumar,Manoj K. Sharma, Rakhi Maiwall, Ankur Jindal, Ashok 
Choudhary Md Shabbir Hussain Shvetank Sharma, Shiv K. 
Sarin. Healthy Donor Fecal Microbiota Transplantation in 
Steroid-Ineligible Severe Alcoholic Hepatitis: A Pilot Study. 
Clinical Gastroenterology and Hepatology 2017;15:600-602

70. Affò S, Morales-Ibanez O, Rodrigo-Torres D, Altamirano J, 
Blaya D, Dapito DH, Millán C, Coll M, Caviglia JM, Arroyo 
V, et al. CCL20 mediates lipopolysaccharide induced liver 
injury and is a potential driver of inflammation and fibrosis 
in alcoholic hepatitis. Gut. 2014;63:1782–1792.

71. Hueber W, Patel DD, Dryja T, Wright AM, Koroleva I, Bruin 
G, Antoni C, Draelos Z, Gold MH, Durez P, et al. Effects 
of AIN457, a fully human antibody to interleukin-17A, 
on psoriasis, rheumatoid arthritis, and uveitis. Sci Transl 
Med. 2010;2:52ra72

72. Morales-Ibanez O, Domínguez M, Ki SH, Marcos M, 
Chaves JF, Nguyen-Khac E, Houchi H, Affò S, Sancho-
Bru P, Altamirano J, et al. Human and experimental 
evidence supporting a role for osteopontin in alcoholic hepa-
titis. Hepatology. 2013;58:1742–1756.

73. Morris JM, Dickson S, Neilson M, Hodgins P, Forrest EH. 
Granulocytapheresis in the treatment of severe alcoholic hepa-
titis: a case series. Eur J Gastroenterol Hepatol. 2010;22:457–
460.


