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Abstract Severe alcoholic hepatitis (SAH) is defined by

modified Maddrey discriminant function C32 or Model for

End-Stage Liver Disease (MELD) [21 and/or hepatic

encephalopathy. It has a 3-month mortality rate C30–70 %.

Patients with severe alcoholic hepatitis need combined, i.e.,

static (MELD score) and dynamic (Lille’s score), prog-

nostication. Systemic inflammation and poor regeneration

are hallmarks of SAH, rather than intrahepatic inflamma-

tion. SAH is characterized by dysregulated and uncon-

trolled systemic inflammatory response followed by weak

compensatory antiinflammatory response that leads to

increased susceptibility to infection and multiple organ

failure. Massive necrosis of hepatocytes exceeds the pro-

liferative capacity of hepatocytes. Liver progenitor cells

proliferate to form narrow ductules which radiate out into

the damaged liver parenchyma. Corticosteroids have been

the standard-of-care therapy, albeit controversial. How-

ever, the recent Steroids or Pentoxifylline for Alcoholic

Hepatitis (STOPAH) trial revealed that prednisolone was

not associated with a significant reduction in 28-day mor-

tality, with no improvement in outcomes at 90 days or

1 year. A paradigm shift from antiinflammatory therapy

such as corticosteroids to liver regeneration treatment, e.g.,

granulocyte-colony stimulating factor, molecular targeted

treatments, and fecal microbiota transplantation, for severe

alcoholic hepatitis is taking place. Liver transplantation

should be offered to select patients with severe alcoholic

hepatitis who are nonresponsive to medical treatment.

Keywords Alcoholic hepatitis � Corticosteroids �
Granulocyte-colony stimulating factor � Molecular targeted

therapy � Liver transplantation

Introduction

Alcoholic liver disease (ALD) includes a broad spectrum

of entities from simple steatosis, acute alcoholic hepatitis

with or without underlying cirrhosis, to hepatocellular

carcinoma as a complication of cirrhosis. Alcoholic hep-

atitis (AH) presents as mild or severe alcoholic hepatitis

(SAH). The available therapeutic options for SAH are

unsatisfactory. Appropriate diagnosis, prognostication, and

better treatment options are essential to improve the sur-

vival rate.

Alcoholic hepatitis

Alcoholic hepatitis is defined as a syndrome of progressive

inflammatory liver injury associated with decades of heavy

alcohol use (chronic active alcohol abuse 60–80 g in males

and 20–40 g in females) [1, 2]. The standard screening test

for harmful alcohol use is the Alcohol Use Disorders

Identification Test (AUDIT) [3]. The best biomarkers of
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alcohol use are c-glutamyltransferase (GGT), carbohy-

drate-deficient transferrin (CDT), mitochondrial aspartate

aminotransferase (AST), ethyl glucuronide (ETG), and

phosphatidyl ethanol [4].

Clinical criteria for alcoholic hepatitis

The clinical criteria for alcoholic hepatitis are jaundice

with duration\3 months, jaundice as first decompensating

liver event, serum bilirubin [5 mg/dL; AST/alanine

aminotransferase (ALT) [2:1, AST \500 IU/L, ALT

\300 IU/L, and neutrophilic leukocytosis [1, 2]. In milder

cases of alcoholic hepatitis, mild elevation of aspartate

aminotransferase (AST) level may be the only diagnostic

clue, without any symptoms [5].

Liver biopsy

Liver biopsy in AH is no longer routinely obtained, due to

the high probability of accurate diagnosis of AH based on

clinical assessment alone. Moreover, the facility for tran-

sjugular liver biopsy is absent in most clinics and com-

munity hospitals. However, liver biopsy should still be

considered in select scenarios [4]:

• Uncertainty about diagnosis of AH, due to incomplete

or inconsistent history, or equivocal laboratory or

imaging findings

• Concern about coexisting liver injury (which may occur

in 20 % of patients with ALD)

• To assess the severity of AH before starting treatment,

particularly corticosteroids

• To assess for chronicity, or fibrosis, and thereby

provide more accurate prognosis for the patient

(although transient elastography may supplant biopsy

for this indication in the future)

• Enrollment in a clinical trial which requires liver biopsy

to enhance patient homogenization

The approach for liver biopsy could be transjugular or

percutaneous depending on clinician preference and resource

availability. The transjugular route is generally recommended

if the patient has ascites or significant coagulopathy, to reduce

risk of complications (Class 1, Level C) [2].

The potential confounders of clinical SAH on liver biopsy

(ASH) are age, obesity, nonalcoholic steatohepatitis, coex-

isting hepatitis C, iron overload, and primary biliary cir-

rhosis (due to presence of Mallory–Denk bodies) [6–8].

Noninvasive diagnostic modalities

Given the limitations and potential complications of liver

biopsy, there is a need for alternative, noninvasive methods

for diagnosis and assessment of disease severity of AH.

Analysis of breath biomarkers, including volatile organic

compounds and elemental gases, has been evaluated

recently for diagnosis of AH [9]. Using receiver operating

characteristic curve analysis, a model for diagnosis of AH

was based on breath levels of trimethylamine and pentane

(TAP). TAP scores of 36 or higher identified patients with

AH (area under receiver operating characteristic curve

0.92) with 90 % sensitivity and 80 % specificity versus

patients with acute decompensation or individuals without

liver disease. Levels of exhaled trimethylamine moderately

correlate with severity of AH. Larger studies are needed for

validation.

Severe alcoholic hepatitis (SAH)

SAH is characterized clinically by rapid onset of jaundice

and liver failure—coagulopathy, ascites, and hepatic

encephalopathy. Its laboratory criteria are defined as

modified Maddrey discriminant function (mDF) C32 or

Model for End-Stage Liver Disease (MELD) C21 and/or

hepatic encephalopathy [2]. SAH is associated with

1-month mortality of 30 % and 3-month mortality of

C30–70 % [10, 11]. The prevalence of acute on chronic

liver failure (ACLF) in patients with SAH varies from 65 to

95 % [12, 13].

Pathogenesis of AH (Fig. 1)

Animal model: The mouse model of chronic and binge

ethanol feeding developed by Gao et al. [14] involves

feeding mouse alcohol ad libitum for 10 days followed by

acute bolus gavage.

Intestinal dysbiosis and changes in intestinal perme-

ability: Small intestinal dysmotility and alteration in the

bile pool result in excess Proteobacteria and reduced levels

of Bacteroidaceae and Lactobacillus [15]. Ethanol intake

disrupts intestinal tight junctions. Associated zinc defi-

ciency impairs the intestinal barrier [16].

Acetaldehyde: The major pathway of alcohol metabo-

lism is conversion to acetaldehyde by alcohol dehydroge-

nase. Acetaldehyde is metabolized by aldehyde

dehydrogenase to acetic acid in mitochondria. Acetalde-

hyde is reactive and forms DNA and protein adducts [17].

These adducts act as neoantigens for the immune systems.

Microsomal ethanol-oxidizing system: This is the minor

pathway for alcohol metabolism. The cytochrome CYP2E1

is induced in chronic alcoholism. It produces reactive

oxygen species which cause lipid peroxidation, glu-

tathione, and S-adenosylmethionine depletion.
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Fig. 1 Pathogenesis of alcoholic hepatitis. Lipopolysaccharide

(LPS), toll-like receptor 4 (TLR4), reactive oxygen species (ROS),

tumor necrosis factor a (TNF-a), tumor necrosis factor a receptor 1

(TNF-a R1), platelet-derived growth factor (PDGF), transforming

growth factor b (TGF-b), nuclear factor-jB (NF-jB), extracellular
signal regulated kinase (ERK), Toll/interleukin-1 receptor-domain

containing adaptor inducing TGF-b (TRIF), monocyte chemotactic

protein 1 (MCP-1), programmed cell death protein (PD1), T cell

immunoglobulin (TCI), mucin protein 3 (TIM-3), damage-associated

molecular patterns (DAMPs), interleukins 1, 6, 8, 10 (IL1, ILR1, IL6,

IL8, IL10), cytochrome 2E1 (CYP2E1), 4-hydroxynonenol (4-HN),

malondialdehyde (MDD), S-adenosylmethionine (SAM), fatty acid

(FA), glutathione synthase (GSH), mitochondrial permeability tran-

sition pore (MTP)
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Damage-associated molecular patterns (DAMPs):

Hepatocytes damaged by DNA, protein, and lipid adducts

release endogenous damage-associated molecular patterns.

DAMPs result in proinflammatory cytokines, localization

of immune cells to the site of injury, along with a collection

of cytosolic protein complex machinery known as the

‘‘inflammasome.’’

Immune system activation

Innate immune system: Hepatocyte-specific interferon

regulatory factor 3 (IRF3) is essential for mitochondrial

apoptosis pathway. Leaky small intestine with intestinal

dysbiosis results in release of lipopolysaccharide (LPS)/

endotoxin from Proteobacteria in the gut lumen, which

enters the portal vein:

(a) LPS interacts with Toll-like receptor 4 (TLR 4) on

Kupffer cells, which produces proinflammatory cytokines

[tumor necrosis factor a (TNF-a), IL1, and IL17].

(b) Alcohol activates the complement pathway (C3, C4).

Interaction of complement and Kupffer cells results in

production of proinflammatory TNF-a and hepatoprotec-

tive (IL6) and cytoprotective (IL10) cytokines. TNF-a
induces production of IL8 and CXCL1 by hepatocytes and

hepatic stellate cells (HSCs). These produce chemokines

for neutrophil recruitment.

Adaptive immunity: Lipid peroxidation products

(malondialdehyde and 4-hydroxynonenol) serve as protein

adducts—neoantigens which induce antibody formation.

There is a resultant increase in T cell presence in the

inflamed liver.

Immune paralysis: Programmed cell death protein (PD-

1), T cell immunoglobulin, and mucin protein 3 (TIM-3)

are inhibitory receptors on T-lymphocytes which are

overexpressed in AH patients. This results in neutrophil

phagocytic dysfunction, which causes severe bacterial

infection and multiorgan failure [18].

Impaired regeneration in SAH: Usually, liver damage

induces mature hepatocytes to proliferate and replace

necrotic hepatocytes. In SAH, two-thirds of the par-

enchyma is involved with steatosis. There is marked cen-

trilobular ballooning degeneration with clusters of

neutrophils and periportal mononuclear infiltration [19].

This is due to decreased energy stores due to hypoxia and a

shift in lipid metabolism, along with a shift in redox

reactions caused by preferential oxidation of alcohol in

zone 3 of the hepatic lobule by the microsomal ethanol-

oxidizing system.

This exceeds the proliferative capacity of hepatocytes.

The hepatic progenitor cells (HPCs) are thought to reside in

the terminal bile ductules (canals of Hering). ‘‘Oval’’ cells

are the descendants of the stem cells and are found in the

portal and periportal regions in experimental animals

within days of liver injury. These cells proliferate to form

narrow ductules, which may stain positively for biliary

cytokeratin CK19, and radiate out into the damaged par-

enchyma. There is also growing evidence that bone marrow

stem cells may contribute to liver regeneration [20].

Assessment of severity and prognosis of alcoholic
hepatitis

Assessment of disease severity and prognosis is critical for

planning decisions regarding treatment of AH. Various

scoring systems, such as the modified Maddrey’s discrim-

inant function (mDF), Model for End-Stage Liver Disease

(MELD), age, bilirubin, international normalized ratio

(INR) , and creatinine (ABIC), and the Glasgow and Lille

scoring systems are tested measures of disease severity

(Table 1). The most recent scoring systems are as follows:

1. Alcoholic hepatitis histologic score (AHHS)

This is a new scoring system. The AHHS was generated

using the four histological features that independently

predicted short-term survival, as detailed in Table 2 [21].

Presence of bridging fibrosis and cirrhosis is associated

with poor outcome. This finding is not surprising given that

extensive fibrosis leads to portal hypertension and favors

related complications. Besides increasing intrahepatic

resistance to blood flow, extensive fibrosis suggests more

severe underlying liver disease and poor regenerative

response in ACLF due to alcohol.

Presence of bilirubinostasis was associated with devel-

opment of bacterial infection and sepsis. In fact,

lipopolysaccharide (an important bacterial mediator that is

markedly increased in AH) downregulates bile transporters

in hepatocytes and causes cholestasis.

Neutrophilic infiltration and presence of megamito-

chondria identify patients with better outcomes.

2. Combination of static and dynamic models

Louvet et al. [22] evaluated the prognostic value of com-

bining static models for AH, such as mDF, MELD score,

and ABIC score, with dynamic models, such as the Lille

score. The MELD ? Lille combination model predicted

survival after 2 and 6 months significantly better than

either the static or dynamic models alone and better than

the mDF ? Lille or ABIC ? Lille models (p\ 0.01)

(Table 1).

3. Biomarkers: Metabolomic profiling has identified

elevated cytokines TNF-a, IL6, IL8, and IL15 in

patients with SAH. Patients with serum IL6 levels

[38.66 pg/mL had significantly decreased survival

[23].
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Treatment of alcoholic hepatitis

Treatment is based on disease severity and is response

guided (Fig. 2).

Modalities of therapy

(a) Abstinence

Abstinence from alcohol is the most important factor in

predicting the outcome of acute episodes of AH as well as

long-term survival. Incidence of recidivism after recovery

from the first episode of AH varies from 10 to 70 %. Tools

used to sustain abstinence include nonpharmacological and

pharmacological methods:

1. Nonpharmacological methods

These include outpatient motivational interviewing, cog-

nitive behavioral therapy, and Alcoholics Anonymous

(AA) attendance. In-patient therapy for alcoholism is

required for patients who fail outpatient therapy, who have

comorbid psychiatric disorders, and whose home situation

is unstable.

2. Drugs aiding abstinence

(a) Naltrexone: Naltrexone exerts its principal phar-

macological effects through blockade of the (l)
opioid receptor. Naltrexone also modifies the

hypothalamic–pituitary–adrenal axis to suppress

ethanol consumption. The usual dosage of

naltrexone is 50 mg/day orally. Multiple meta-

analyses of clinical trials for alcohol dependence

found naltrexone to reduce alcohol consumption

compared with placebo [24].

(b) Acamprosate: This novel drug has structural

similarities to the inhibitory neurotransmitter

gamma-aminobutyric acid (GABA). Acam-

prosate has been shown to reduce withdrawal

symptoms, including alcohol craving [25].

(c) Baclofen: This GABA-b antagonist shows effi-

cacy and safety in maintaining higher abstinence

rates, longer duration of abstinence, and

improved liver function tests in patients with

alcoholic liver disease in randomized controlled

trials (RCTs) [26]. The dosage is 5–10 mg orally

three times per day .

Newer tests used to monitor abstinence

(a) Breath test using a portable analyzer to detect breath

alcohol content [27],

(b) Ethyl glucuronide in urine [28] detects alcohol

intake within the last 3 days,

(c) Ethyl glucuronide in hair [29] detects intake of

alcohol within the last few months with sensitivity

and specificity of 92 and 91 %, respectively.

(b) Nutrition

Alcoholics commonly have significant protein–calorie

malnutrition, along with deficiencies in a number of vita-

mins and trace minerals [30]. Severity of malnutrition has

been shown to correlate with disease severity and survival

[31]. In a recent study by Moreno et al. [32], a greater

proportion of patients with daily calorie intake less than

21.5 kcal/kg/day died [65.8 %; 95 % confidence interval

(CI) 48.8–78.4 % ] than patients with higher calorie intake

(33.1 %; 95 % CI 23.1–43.4 %) (p\ 0.001). The conclu-

sion drawn from this negative study are:

• First, each patient should be assessed for nutritional

status on admission. The optimal nutritional evaluation

is done by measuring sarcopenia [33], generally defined

as a reduction in muscle mass two standard deviations

below the healthy young adult mean. New sarcopenia

cutoff values for patients with cirrhosis have been

reported recently (L3 vertebra skeletal muscle index

B42 cm2/m2 for women and B50 cm2/m2 for men)

[34]. Assessment of sarcopenia by computed tomogra-

phy (CT) or magnetic resonance imaging (MRI) is

currently the gold standard for evaluating sarcopenia.

Second, oral nutrition should be strongly encouraged to

Table 2 Alcoholic hepatitis histological score (AHHS) for prog-

nostic stratification of alcoholic hepatitis

Points

Fibrosis stage

No fibrosis or portal fibrosis 0

Expansive fibrosis 0

Bridging fibrosis or cirrhosis ?3

Bilirubinostasis

No 0

Hepatocellular only 0

Canalicular or ductular ?1

Canalicular or ductular plus hepatocellular ?2

PMN infiltration

No/mild ?2

Severe PMN infiltration 0

Megamitochondria

No megamitochondria ?2

Megamitochondria 0

PMN polymorphonuclear leukocyte
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achieve a minimum of 21.5 kcal/kg per day, in line

with advice provided in international guidelines.

• However, in patients who fail to achieve this level of

oral intake, careful consideration should be given to the

benefit–risk ratio before instituting nasogastric or

parenteral nutrition.

• Randomised studies specifically evaluating (a) the role

of supplemental enteral versus parenteral nutrition and

(b) macronutrient composition with special attention to

protein and lipid contents are required.

• Parenteral feeds, which included amino acid supple-

mentation through peripheral intravenous lines, showed

promise in the 1980s but may now need to be evaluated

in rigorously designed studies [35].

Enteral nutrition

• Components: protein 1.5 g/kg/day, energy 40 kcal/

kg/day, B-complex vitamins daily

• Frequency: six meals a day including a nighttime snack

• Oral branched-chain amino acids [35]

Treatment of SAH

Standard pharmacotherapy

1. Corticosteroids (CS): This has been the most exten-

sively studied intervention in patients with SAH. The

rationale for use of CS is to reduce the immune and

proinflammatory cytokine response, which is greatly

increased in SAH and is responsible for liver injury

[1, 36, 37]. Oral prednisolone 40 mg daily or intra-

venous methylprednisolone 32 mg daily, for 4 weeks,

is the standard therapy. The recent STOPAH trial,

conducted in 50 centers in the UK [38], did not find a

significant benefit of CS in SAH. A limitation of this

trial is the lack of histopathological confirmation and

low mortality (19 %) in the placebo arm compared

with 36 % in previous trials [1].

In another very recent study, data were taken from

1974 patients originating from nine RCTs, then three

different meta-analyses were performed: CS versus

placebo (n = 6 trials), CS versus pentoxifylline (PTX)

Prognostication

mDF<32, MELD<21
Mild AH

mDF≥32, MELD≥21
SAH

Nutritional 
assessment 

Nutritional 
assessment 

Liver Biopsy
If Diagnosis of 
AH uncertain

Standard Medical 
treatment

CS CS Contraindicated

Day 7 Lille score

<0.45
Complete 4 weeks  
treatment

>0.45, 
Stop CS

CS (4 week) + IV NAC 
(2-4 weeks)

G-CSF LTX

G-CSF LTX FMT or option for
Inclusion to new trials
in addition to G-CSF

FMT or option for
Inclusion to new trials
in addition to G-CSF

Fig. 2 Prognostication and

response-guided therapy of

alcoholic hepatitis.

Corticosteroids (CS), alcoholic

hepatitis (AH), liver transplant

(LTX), granulocyte-colony

stimulating factor (G-CSF),

fecal microbiota transplantation

(FMT)
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(n = 2), and CS ? PTX versus CS ? placebo

(n = 3). The study concluded that CS improved

28-day survival in patients with SAH with higher

response rate compared with PTX and placebo. This

treatment benefit was sustained until the end of ther-

apeutic period. The combination of CS and PTX did

not add any additional effect [39].

2. Pentoxifylline (PTX)

Pentoxifylline is an oral phosphodiesterase inhibitor

that also inhibits production of TNF-a, among other

proinflammatory cytokines. It is given at dosage of

400 mg thrice a day for 28 days. In a pivotal study by

Akriviadis on 101 patients with SAH [40], it was

associated with survival benefit of 50 % and decrease

in hepatorenal syndrome (HRS) in the treatment group.

In a study including 50 patients at our center [41], we

found reduction in short-term mortality in the pentox-

ifylline group compared with controls (20 versus

40 %). A meta-analysis of five RCTs failed to show

any survival benefit with PTX in patients with SAH

[42]. The STOPAH study concluded that PTX is no

better than placebo in SAH [38].

3. Sequential therapy (CS followed by PTX)

In the study by Louvet et al. [43], 29 steroid nonre-

sponders were switched to PTX for 28 days and

compared with 58 nonresponders treated with CS for

28 days. No improvement in 2-month survival was

noted in the sequential therapy group compared with

the CS group (35.5 versus 31 %).

4. Combination therapy (PTX in combination with CS)

Combination of CS and PTX appears to be an

attractive strategy on the basis of their potential

synergistic action [44]. To study this, we conducted a

randomized placebo controlled trial [10] comparing

combination of CS plus PTX versus CS alone for

28 days. On intention-to-treat analysis, the 6-month

survival and incidence of HRS were similar in the two

arms. A similar trial from Europe reported concordant

results [44].

Other therapies

1. Antioxidants

(a) N-Acetylcysteine (NAC): In a recent randomized

trial on 174 patients with SAH, use of NAC ? CS

versus CS alone improved patient survival at

1 month with lower incidence of sepsis. However,

there was no survival advantage at 6 months [45].

An ongoing study combines CS with NAC to

augment CS function [46].

(b) Metadoxine: Addition of metadoxine to glucocorti-

coid treatment improved short-term survival of

patients with SAH and diminished development or

progression of encephalopathy and hepatorenal syn-

drome [47]. Moreover, metadoxine improved the 3-

and 6-month survival rates in patients with SAH

[48].

2. Tumor necrosis factor a (TNF-a) molecular inhibitors

TNF-a activates inflammatory pathways besides stimu-

lating genes for hepatocyte growth factor production and

regeneration. Parenteral TNF-a inhibitors have been tried

in treatment of SAH. However, due to lack of efficacy and

significant increase in infections, use of agents such as

infliximab and etanercept should be confined to clinical

trials only [49].

3. Miscellaneous

Cochrane reviews showed no benefit of colchicine [50],

anabolic steroids [51], S-adenosylmethionine (SAMe) [52],

and prophylthiouracil [53].

4. Granulocytapheresis was useful in six patients with SAH

(five were CS nonresponders) [54].

5. Molecular adsorbent recirculating system (MARS) did

not improve survival [55].

Newer therapies

Just as there is a threshold for initiating steroids (mDF score

[32 or MELD[21), there may also be a ceiling beyond

which medical therapies aimed at decreasing the inflamma-

tory cascade may cause more harm than benefit. One study

suggested that patients with mDF[54 were at higher mor-

tality risk from use of CS than from not being treated. Results

of the COrticosteroids plus PEntoxifylline in severe alco-

holic hepatitis (COPE) study [10] supported this fact, as the

6-month survival in the CS treatment group was just 23.5 %

compared with 65 % reported by Louvet et al. [56] (baseline

mDF-85 versus 57). Therefore, there is a pressing need for

newer therapies to treat these extremely sick SAH patients.

(a) Liver regeneration treatment:

Granulocyte-colony stimulating factor (G-CSF)

Dubuquoy et al. [57] recorded absence of liver regenera-

tion cytokines TNF-a and IL6 in explant livers of 16

patients nonresponsive to CS. G-CSF promotes mobiliza-

tion of bone marrow stem cells which populate liver and

differentiate into hepatic cells. They improve neutrophil

dysfunction and overcome immune paralysis in SAH

[58–60]. The neutrophils also secrete cytokines that
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stimulate liver regeneration (Fig. 3). Singh et al. [11] used

G-CSF at dosage of 5 mcg/kg B.I.D. for 5 days, comparing

it with PTX. G-CSF resulted in mobilization of CD34?

cells, decreased infections, and significantly improved

mDF and survival at 3 months in SAH patients, and is safe

[60]. There are two ongoing studies on the efficacy and

safety of G-CSF in patients with severe alcoholic hepatitis

with null or partial response to CS [61] and in CS refrac-

tory patients [62]. G-CSF is given at 5 lg/kg daily for

5 days followed by once every 3 days for a total of 12

doses.

(b) Molecular targeted therapies

These are based on the pathogenesis of AH (Fig. 4):

I. Strengthening the leaky gut barrier, reversal of gut

dysbiosis, and decreasing luminal and portosystemic

endotoxemia (Table 3).

(a) Bovine colostrum: Bovine colostrum is rich in pro-

teins, immunoglobulins (20–30 % IgG, an anti-endotoxin

antibody), lactoferrin, and growth factors. Lactoferrin is

converted to lactoferricin B, which kills gut Gram-negative

bacilli. IgG interacts with mucosa-associated lymphoid

tissue of the leaky gut and normalizes leaky gut perme-

ability, decreasing entry of lipopolysaccharide/endotoxin

into the portal circulation [63]. Lactoferrin binds to lipid-A

part of the lipopolysaccharide. Lactoferrin and IgG act

synergistically in neutralizing luminal and portal venous

endotoxemia. The subsequent cascade of proinflammatory

cytokines including TNF-a and interleukins 6 and 8 is

decreased [64]. A study on 25 SAH patients given corti-

costeroids and bovine colostrum at our center showed very

encouraging results [65].

(b) Hyperimmune bovine colostrum: The hypothesis is

that oral administration of hyperimmune bovine colostrum

(Imm124-E) enriched with anti-LPS antibodies will reduce

endotoxemia and improve SAH pathophysiological and

clinical parameters. This is under study in the Translational

Research and Evolving Alcoholic Hepatitis Treatment

(TREAT) consortium study [66].

(c) Fecal microbiota transplantation (FMT): Recently,

FMT has been successfully used in treatment of life-threat-

ening infections with Clostridium difficile. Gut bacteria

dysbiosis in the small intestine, such as increased Pro-

teobacteria and decreased Bacteroidetes, are actively

involved in the pathogenesis of alcoholic hepatitis. FMT

through nasogastric tube might have a potential role in

management of SAH [67]. In a more recent pilot study, 1

week of FMT was effective and safe in SAH patients and

improved indices of liver disease severity and survival at 1

year. Improvement in liver function and survival could have

been due to improvement in sepsis, nutritional rehabilitation,

and abstinence. New species from the donor, which are less

pathogenic and beneficial, coexist with preexisting bacterial

communities of the recipient. It is likely that the latter are

substantially modified by the donor species [68].

II. Deactivation of liver innate immunity

Kupffer cells: Endotoxin activates Kupffer cells (KCs),

which produce proinflammatory cytokine interleukin

(IL)1b. IL1b further recruits thymocyte (Th)17 cells, which

activate neutrophils, hepatic stellate cells, and necrosis of

hepatocytes. A study is evaluating a combination of ana-

kinra, an IL1b receptor antagonist, given by 100-mg sub-

cutaneous injection daily for 14 days, pentoxifylline

400 mg orally three times daily for 28 days, and zinc sul-

fate 220 mg orally for 180 days versus methylprednisolone

32 mg IV for 28 days [69].

III. Attenuation of hepatocellular necrosis, apoptosis, and

fibrosis

Fig. 3 Mechanism of action of

granulocyte-colony stimulating

factor
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(a) Tumor necrosis factor alpha (TNF-a): This proin-

flammatory cytokine is released by endotoxin-stimulated

Kupffer cells and macrophages in liver, which also

stimulates hepatocyte regeneration. Total inhibition of

TNF-a by infliximab is harmful, preventing hepatocellular

regeneration and causing septicemia and death [49].

Fig. 4 Molecular targeted therapies; abbreviations: Toll-like receptor

4 (TLR4) receptors, interleukin 2 receptor (IL2R) antagonist

(anakinra), Kupffer cells (KCs), macrophages (MAC), neutrophils

(NEUT), antibody (Ab), interleukin (IL)17, interleukin (IL)22, HSC

hepatic stellate cell, MCP monocyte chemotactic protein, hepatocytes

(HEP), tumor necrosis factor (TNF) receptor 1, farnesoid X receptor

(FXR)

Table 3 Studies on strengthening the leaky gut barrier, reversal of gut dysbiosis, and decreasing portosystemic endotoxemia

Treatment Dosage Mechanism of action

Hyperimmune bovine

colostrum [66]

IMM 124-E 2400 mg/day Normalizes leaky gut permeability, decreases entry of

lipopolysaccharide/endotoxin

Zinc [68] 220 mg/day orally for 180 days Modulates tight junctions of gut

Amoxicillin plus clavulanic

acid combined with CS

(AntibioCor) [70]

Amoxicillin ? clavulanic acid at daily dose of 3 g

(amoxicillin) and 375 mg (clavulanic acid) in three

daily doses of 1 g/125 mg given PO for 30 days. The

control arm received prednisolone PO at 40 mg in a

single daily dose in the morning

Antibiotics prevent development of any infection and

endotoxemia. It is likely that SAH patients present

with mesenteric bacterial adenitis without systemic

signs of infection

Lactobacillus rhamnosus

GG [71]

Probiotic versus placebo given once daily for 180 days As above

Rifaximin [72] A combination of prednisone PO 40 mg/day for 30 days

plus rifaximin PO 1200 mg/day for 90 days in a

placebo controlled trial versus prednisone PO

40 mg/day and placebo

As above

Ciprofloxacin [73] A randomized open-label, placebo controlled

multicenter study to evaluate the additional role of

ciprofloxacin therapy (500 mg twice daily for

120 days) in severe alcoholic hepatitis combined with

prednisolone therapy

As above
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(b) Emricasan: Caspases are death-induction molecules

situated downstream from TNF-a in the hepatocyte injury

signaling cascade. Emricasan, a pancaspase inhibitory

compound, has been used in treatment for SAH at dosage

of 25 mg BID for 28 days [74]. However, the trial was

terminated due to high systemic blood levels exceeding

levels in toxicology studies.

(c) Human interleukin 22 (IL22): This cytokine is hep-

atoprotective. F-652, a recombinant fusion protein con-

taining IL22 and human immunoglobulin G2 (IgG2)-Fc

produced in Chinese hamster ovary (CHO) cells in serum-

free culture, is being used in a safety/efficacy study to treat

patients with alcoholic hepatitis [75].

(d) Obeticholic acid (OCA): OCA has been found to be

effective in patients with moderately severe alcoholic

hepatitis. OCA is a bile acid analog and a potent first-in-

class agonist of farnesoid X receptor (FXR). The major

function of FXR is to suppress bile acid biosynthesis from

cholesterol and regulate hepatic triglyceride levels. The

dosage of OCA is 10 mg once a day orally for 6 weeks

[76].

(e) GS-4997 (simtuzumab): This monoclonal antibody is

selective for lysyl oxidase-like-2, an extracellular matrix

enzyme that promotes fibrosis via cross-linkage of collagen

fibers. Gilead is evaluating simtuzumab for treatment of

fibrosis in patients with SAH [77].

Liver transplantation

SAH patients listed for liver transplant (LT) have to

undergo exhaustive psychosocial evaluation. The Lille

group study recorded that the 6-month survival of trans-

planted patients was higher than for those not transplanted

[78]. In a study from the USA, 9 (9.6 %) of 94 refractory

SAH patients underwent early LT, accounting for 3 % of

all adult LT during the study period. The 6-month survival

rate was significantly higher among those receiving early

LT compared with matched controls. Eight recipients were

alive at a median of 735 days, with one alcohol relapse.

Thus, early LT for severe AH can achieve excellent clinical

outcomes with low impact on the donor pool and low rates

of alcohol relapse in highly selected patients [79].

Conclusions

(A) Prognostication

The combination of MELD ? Lille is more accurate

than either score alone.

(B) Therapy

1. Corticosteroids are the gold standard of therapy.

However, they are discouraged at mDF[54.

2. Enteral nutrition. Nutritional assessment at onset is

essential. Newer trials assessing intravenous amino

acids in nutritional supplementation of SAH are

needed.

(C) SAH patients where CS are refractory or

contraindicated

1. G-CSF

2. FMT or option for inclusion in new trials in addition to

G-CSF

3. CS ? IV NAC for 2–4 weeks

4. Early liver transplantation in abstinence-motivated

patients with strong psychosocial support

Future perspectives for research in management
of SAH

(a) Paradigm shift in therapy of SAH: Anti-inflamma-

tory therapies, e.g., CS, will probably be replaced by

therapies promoting liver regeneration such as

G-CSF, molecular targeted therapies, and reversal of

gut dysbiosis by fecal microbiota transplantation.

(b) Molecular drivers of fibrosis: In SAH with cirrhosis,

molecular drivers of fibrosis need to be identified.

Newer antifibrogenic agents need to be studied.
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