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Subclinical versus advanced forms of alcohol-related
liver disease: Need for early detection
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Alcohol-related liver disease (ALD) consists of a wide spectrum of clinical manifestations and pathological features,
ranging from asymptomatic patients to decompensated cirrhosis and hepatocellular carcinoma. Patients with heavy
alcohol intake and advanced fibrosis often develop a subacute form of liver failure called alcohol-induced hepatitis
(AH). Globally, most patients with ALD are identified at late stages of the disease, limiting therapeutic interventions.
Thus, there is a need for early detection of ALD patients, which is lacking in most countries. The identification of alcohol
misuse is hampered by the existence of alcohol underreporting by many patients. There are useful biomarkers that
can detect recent alcohol use. Moreover, there are several non-invasive techniques to assess the presence of advanced
fibrosis among patients with alcohol misuse, which could identify patients at high risk of liver related events or early
death. In this review, we discuss differences between early stages of ALD and AH as the cornerstone of advanced forms.
A global overview of epidemiological, anthropometric, clinical, analytical, histological, and molecular differences is
summarized in this article. We propose that campaigns aimed at identifying patients with subclinical forms can prevent
the development of life-threatening forms. (Clin Mol Hepatol 2023;29:1-15)
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INTRODUCTION: PREVALENCE OF ALCOHOL-
RELATED LIVER DISEASE

Alcohol consumption is one of the most frequent causes of
liver disease worldwide. In 2016, according to the World
Health Organization, the harmful consumption of alcohol re-
sulted in 3 million deaths (5.3% of all deaths) worldwide and
132.6 million disability-adjusted life years (DALYs) - i.e., 5.1%
of all DALYs in that year. Alcohol-related mortality is more
prevalent in men and higher than other important diseases

such as tuberculosis, acquired immunodeficiency syndrome
and diabetes.'

Diagnosis of alcohol-related liver disease (ALD) requires
documentation of an alcoholic use disorder (AUD) and exclu-
sion of other causes of liver disease. ALD consists of a wide
spectrum of clinical manifestations and pathological fea-
tures, from asymptomatic patients to decompensated cirrho-
sis and hepatocellular carcinoma (Fig. 1).”* The early stage of
the disease is not well understood, and there is a need to
better understand its natural history, risk factors of progres-
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sion, and noninvasive diagnosis biomarkers.**” Therefore,
underdiagnosis is the rule until severe forms like alcohol-in-
duced hepatitis (AH) develop and mortality is high despite
abstinence. In this stage, patients have a terrible prognosis,
with short-term mortality rates as high as 50% at three
months due to subsequent organ failure and acute-on-
chronic liver failure (ACLF).”®

The histological and clinical features observed in patients
with severe ALD are difficult to replicate in animal models.
Additionally, the difficulty in conducting clinical trials in pa-
tients with active AUD, the social stigmatization and margin-
alization of this population, the lack of interest from drug
companies and the limitations of current experimental mod-
els contribute to a slow progress in ALD management. Thus,
the treatment of patients with ALD hasn’t changed much in
recent decades, and there aren’t any targeted and personal-
ized medicines available.? To date, the most effective therapy
to attenuate the clinical course of ALD and even reverse his-
tological injuries is prolonged alcohol abstinence.*

Identifying risk factors in individuals with AUD that predis-
pose to ALD development is crucial for implementation of
public health policies and reduce morbimortality associated
to ALD. Several significant biological factors and possible
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therapeutic targets have been explored in recent translation-
al research. The early recognition of early stages of ALD with
subsequent behavioral therapies ought to be encouraged in
primary care settings.”**" For example, alcohol screening
questionnaires and basic laboratory test including hepatic
profile in high-risk patients.

In this review, we will differentiate between early forms of
ALD and AH, the most severe form of ALD, from the epidemi-
ological, anthropometric, clinical, analytical, histological, and
molecular stand of points.

DISEASE STAGES AND NATURAL HISTORY

ALD includes a wide range spectrum of early and advanced
phenotypes. Early phenotypes do not usually have symp-
toms and can be categorized as subclinical forms. Subclinical
stages include fatty liver disease or steatosis, steatohepatitis
(ASH) with or without fibrosis and compensated cirrhosis. Al-
though non-invasive biomarkers can have a role in steatosis
and fibrosis diagnosis, histological evaluation is needed to
define these subclinical stages. Patients with subclinical liver
disease and persistent active drinking can end up developing

W . i
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Figure 1. Spectrum of alcohol-related liver disease. The numbers represent the percentage of patients with progression. From Yamada’s Text-

book of Gastroenterology. Permission for their use from the publisher.

Abbreviations:

ACLF, acute-on-chronic liver failure; AH, alcohol-induced hepatitis; AKI, acute kidney injury; ALD, alcohol-related liver disease; ALT, alanine transaminase; ASH,
steatohepatitis; AST, aspartate transaminase; AUD, alcoholic use disorder; AUDIT, Alcohol Use Disorders Identification Test; AUROC, area under the receiver operating
characteristic; CDT, carbohydrate-deficient transferrin; CIWA, Clinical Institute Withdrawal Assessment for Alcohol; DALYs, disability-adjusted life years; ELF, Enhanced
Liver Fibrosis; G-CSF, granulocyte-colony stimulating factor; GGT, gamma-glutamyl transferase; HNF4A, hepatocyte nuclear factor 4 alpha; HSCs, hepatic stellate cells; IL,
interleukin; MDB, Mallory-Denk bodies; MDF, Maddrey Discriminant Function; MELD, Model for End-Stage Liver Disease; NAFLD, non-alcoholic fatty liver disease; SALVE,

Study of Alcohol-related LiVer disease in Europe; SWE, shear wave elastography
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advanced forms of ALD. Advanced stages are symptomatic
and entail a poor prognosis due to liver-related complica-
tions. This phenotype includes AH, ACLF and decompensated
cirrhosis (Fig. 2).

Steatosis can develop as soon as 3 to 7 days after heavy al-
cohol consumption. Steatosis is mostly asymptomatic and
may be associated with mild elevation of gamma-glutamyl-
transferase (GGT). It is histologically characterized by mac-
rovesicular fat accumulation, typically located in centrilobular
areas. Simple steatosis should not be considered a benign
condition since it increases ALD annual mortality up to 6%."
In the same line, mortality in biopsy confirmed non-alcoholic
fatty liver disease (NAFLD) is also increased among simple
steatosis stages.” Although different medical conditions,
both ALD and NAFLD show that steatosis carries prognostic
implications by itself. Continuous and excessive alcohol
drinking may lead, in 10-35%, to the development of ASH,
which is characterized by steatosis, hepatocellular damage
(i.e., ballooning, Mallory-Denk bodies [MDB]), inflammatory
infiltrates—mainly neutrophils—, and different degrees of fi-
brosis with a pericellular pattern distribution.’ Approximately
20-40% of patients with ASH will develop progressive fibro-
sis, of which 8-20% will develop cirrhosis. The risk of cirrhosis
is increased in patients with ASH on biopsy as compared with
patients with simple steatosis.” Once cirrhosis is established,
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its natural history is characterized by an asymptomatic com-
pensated phase followed by a decompensated phase,
marked by the development of overt clinical signs, the most
frequent of which are ascites, bleeding, encephalopathy, and
jaundice (Fig. 2)."

When persistent alcohol intake is maintained, an episode
of AH can be developed. Till date, there is no clear explana-
tion why some patients develop this phenotype, nor what
are the triggers. It has been speculated that this is due to an
increased alcohol consumption, but this has not been firmly
demonstrated. AH is associated with high mortality, which
can reach 50% in three months, and the median survival time
of patients with advanced liver cirrhosis can be as low as 1-2
years.”

In a recent study, it was demonstrated that the presence of
advanced fibrosis and continued alcohol consumption were
the main parameters associated with early mortality in pa-
tients with compensated forms of ALD.* Moreover, a new pa-
rameter has been introduced recently to quantify fibrosis in
liver biopsies using digital image analysis, the collagen pro-
portionate area."® This parameter predicts liver-related mor-
tality in ALD and hepatic decompensation and/or liver-relat-
ed death in early/compensated ALD.”
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Figure 2. Subclinical versus advanced forms of ALD. ALD, alcohol-related liver disease; ASH, steatohepatitis; ACLF, acute-on-chronic liver fail-

ure.
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SUBCLINICAL ASH VS. AH: CLINICAL, ANALYTI-
CAL AND HISTOLOGICAL FEATURES

Most patients with ALD are identified during late stages of
the disease when liver decompensation occurs and when
mortality is high despite ethanol cessation. In fact, a global
epidemiologic study in 2017" showed that ALD is by far the
liver disease etiology that is detected at the latest stages.
These results strongly suggest that there is a dire need for
the early detection of ALD patients, which currently is almost
nonexistent. Recently, a study comparing ASH and AH dis-
ease stages has been conducted. This study concluded that
patients with AH had higher liver failure and mortality com-
pared to ASH patients (50% vs. 10% 1-year mortality, respec-
tively) with significant different clinical, histological and mo-
lecular features.”

Although it is assumed that ASH is the harbinger of transi-
tion to severe forms of ALD, there are few studies that have
assessed clinical and histological features that predict liver
disease progression in these patients.****** Much more re-
search attention has been paid to the severe form of AH.”?°
Currently ASH can only be diagnosed with liver biopsy. Similar
to NAFLD, there are no signs, symptoms, or biochemical tests
that allow the confident diagnosis of ASH." Although asymp-
tomatic, identification of subclinical, molecular and histologic
features of ASH would favor its detection worldwide.

The diagnosis of ALD is based on history of heavy alcohol
use, typical laboratory markers and clinical features.” Com-
pared to similar diseases such as NASH, few patients with
ALD undergo a liver biopsy. Most patients with both early
and advanced forms are diagnosis without histological as-
sessment. The recent development of a specific fibrosis grad-
ing system for patients with ALD could stimulate this field.”
In patients with AH, a transjugular liver biopsy is justified
when there are confounding factors,” and the histological
changes (i.e., presence advanced fibrosis, polymorphonucle-
ar infiltration, etc.) predict short-term survival.”?

Some methods to determine alcohol as the major etiology
of liver disease include the medical history, surveys, physical
examination and laboratory test. It is also important to con-
sider second liver hits that can influence ALD prognosis.

History of alcohol misuse

Criteria from the Diagnostic and Statistical Manual of Men-
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tal Disorders, Fifth Edition,” are used to define AUD and to
determine its severity. Severity is based on the number of cri-
teria a person meets based on their symptoms in the past
year. Some surveys can help us to distinguish patients with
alcohol abuse. The Alcohol Use Disorders Identification Test
(AUDIT) comprises ten questions with a specific scoring sys-
tem to diagnosis alcohol abuse (AUDIT score >8) and alcohol
dependence (AUDIT score >20)*° with 73% sensitivity and
91% specificity vs. 85% sensitivity and 89% specificity respec-
tively.”' The CAGE questionnaire is also a useful and an easily
applied tool. It is more sensitive than the AUDIT to detect al-
cohol abuse and dependence, but is less effective in recog-
nizing non-severe drinking disorders.”> However, many pa-
tients tend to underreport, particularly in the pre- or post-
liver transplant interval, for fear of reprisal by the transplant
program. The Clinical Institute Withdrawal Assessment for
Alcohol (CIWA) scale assesses the severity of alcohol with-
drawal. A randomized, double blind trial published in JAMA
in 1994 showed that management for alcohol withdrawal
that was guided by the CIWA scale resulted in decreased
treatment duration and total use of benzodiazepines.”

Physical examination

On physical examination, patients typically have hepato-
megaly, which often reflects the combined effects of fatty
liver and swelling of hepatocytes due to cell injury-associated
protein retention.”* Signs of chronic alcohol intake (Dupuy-
tren contracture, rhinophyma, etc.) and signs of alcohol with-
drawal (tremors, tachycardia, agitation, seizures in severe al-
coholic withdrawal syndrome, or delirium tremens) should
be screened in primary care for early detection of ALD. Signs
of chronic liver disease (spider angioma, palmar erythema
and jaundice) and signs of portal hypertension (splenomega-
ly, ascites, and hepatic encephalopathy) suggest advanced
liver disease with underlying cirrhosis. Frequently ALD pa-
tients suffer from malnutrition, physical examination may re-
veal sarcopenia with proximal muscle wasting and decreased
grip strength protein.”

Laboratory tests

Direct alcohol biomarkers, the most used of which is etha-
nol detection in urine and/or blood, but they capture only
very recent consumption. Alcohol metabolites are clinically

http://www.e-cmh.org



used as indirect biomarkers of alcohol consumption. Metabo-
lites of alcohol such as urine ethyl glucuronide can reveal al-
cohol use up to 3-4 days after the last alcohol drink. Sensitiv-
ity and specificity of urinary ethyl glucuronide for detection
of alcohol use were 89% and 99%, respectively, among pa-
tients with ALD before and after liver transplant.**’
ment of ethyl glucuronide in hair samples can detect alcohol

Measure-

use for a longer period of up to 1 month.* Other metabolite
of alcohol, blood phosphatidylethanol has a half-life of ap-
proximately 10-14 days, with sensitivity of 91% and specifici-
ty of 77%.” Carbohydrate-deficient transferrin (CDT) has a
half-life of 2-3 weeks but its utility is limited by its low sensi-
tivity of 25-50% in several studies and by false-positive re-
sults. The levels of CDT may be confounded with increasing
disease severity and active smoking. Posttransplant use of
%CDT appears to be more accurate, likely due to improved
liver function. The CDT combined with GGT has higher sensi-
tivity (75-90%)."

In laboratory test, ALD-induced liver injury indicators are
also observed. Increased GGT and aspartate transaminase
(AST) levels with typically AST two times greater than alanine
transaminase (ALT), macrocytic anemia and thrombocytosis.

Concepcién Gomez-Medina, et al.
Different stages of alcohol-induced liver disease

According to the CLASH study, AH patients presented greater
AST/ALT ratio and lower GGT compared to ASH population. In
ASH patients, GGT levels were higher, probably reflecting im-
proved preservation of hepatocyte mass (Table 1).

Genetic factors are also involved in the onset, progression,
and clinical outcome of ALD. Epidemiological studies con-
ducted among family members and between twins strongly
support a genetic component.”* According to the CLASH
study, AH patients showed marked deregulation of genes in-
volved in hepatocyte reprogramming and bile acid metabo-
lism. ASH patients showed a deregulated expression of genes
involved in matrisome and immune response.

It is important to consider that in the pathogenesis of liver
diseases frequently coexist two different risk factors for liver
injury in the same subject, potentially increasing the risk and
severity of liver damage. Alcohol is a frequent co-factor in
patients with hepatitis C virus infection where it accelerates
hepatic fibrosis."** Additionally, alcohol has a synergistic
hepatotoxic effect with nonalcoholic fatty liver disease, iron
overload and other metabolic disorders.****

Table 1. Biomarkers in diagnosis and prognosis of patients with of AUD™*

Biomarker Biology

Significance

Cut-off value

GGT Marker of alcohol liver
injury

Marker of alcohol liver
injury

Transaminase enzymes
(ALT, AST)

Blood cell counts
(macrocytic anemia,
thrombocytosis)

Marker of alcohol liver
injury
Direct alcohol metabolite

Urine/blood ethanol
(EtOH)

Carbohydrate-deficient
transferrin (CDT)

Ethyl-glucuronide (EtG),
ethyl sulfate (EtS)

Phosphatidylethanol
(PEth)

Marker of alcohol liver
injury + alcohol-derive
metabolite

GGT-CDT combination

Screening for liver dysfunction in
alcohol users.

Specific. Recent alcohol intake or
alcohol intoxication. Short half-life.

Alcohol-derive metabolites High specificity, low sensitivity for
alcohol recent use (2-3 weeks)

Alcohol-derive metabolites Recent alcohol intake (2-4 weeks).
Differentiates alcohol- from non-
alcohol induced liver disease.

Unspecific. Liver dysfunction and
oxidative stress.

High specificity if AST/ALT ratio >2

Unspecific. Normalization in 2-4
months.

Positive urine EtOH >20 mg/dL
Positive blood EtOH >30 mg/dL

CDT <60 mg/L (normal value); 60-100
mg/L (probable alcoholism) and
>100 mg/L (very high probability of
alcoholism)

Alcohol-derive metabolites Recent alcohol intake (3—4 days)High Positive EtG >100 ng/mL
inter-individual variations

Positive EtS >25 ng/mL

PEth <20 ng/mL (light or no), 20-199
ng/mL (significant) and >200 ng/mL
(heavy)

Improves sensitivity and specificity
of detecting AUD

AUD, alcoholic use disorder; GGT, gamma-glutamyl transferase; ALT, alanine transaminase; AST, aspartate transaminase.

http://www.e-cmh.org

https://doi.org/10.3350/cmh.2022.0017 5



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

Non-invasive diagnosis

As mentioned previously, fibrosis is one of the main prog-
nostic factors in ALD. As liver biopsy is not always available,
non-invasive methods to assess fibrosis have been devel-
oped (Tables 2, 3).” Some alternatives are serum biomarkers,
such as Fibrotest®, Fibrometer®, Hepascore® and Enhanced
Liver Fibrosis (ELF) test.” The diagnostic accuracy of these
tests is greater than other biomarkers developed for viral
hepatitis (i.e., AST to Platelet Ratio Index, Forns index, Fibro-
sis-4 Index). These simple serum-based parameters obtained

Table 2. Biomarkers in diagnosis and prognosis of alcohol-related liver disease

from routine liver function tests can distinguish between pa-
tients with no fibrosis or advanced fibrosis, but they have
limited value to assessed intermediate stages of fibrosis. A
combination of any of these tests has not been useful in im-
proving diagnostic performance.”

Imaging biomarkers are based on the evaluation of the liv-
er parenchyma stiffness. Elastography measures are based
on the speed and elastic wavelength that propagates
through the liver tissue. As the stiffness of the liver parenchy-
ma increases related to fibrosis, the elastography value also
increase. There are different methods of generating ultra-

14,105

Biomarker Biology

Significance Cut-off value

Microfibrillar-associated
protein 4'*

Marker of fibrogenesis

107

Angiopoietin-like 4 Marker angiogenesis

Collagen IV, hyaluronic  Extracellular matrix turnover

acid”’

Early ALD: fibrosis assessment

Early ALD: fibrosis assessment

Early-ALD: fibrosis assessment

PNPLA3™®

HSD17B13, TM6F2'”

Fibrotest™

Genetic polymorphism

Genetic polymorphisms

Fibrosis score including alpha-2-
macroglobulin, apolipoprotein Al,
haptoglobin, Brb, GGT

Fibrometer Fibrosis score including platelets,
prothrombin time, macroglobulin,
AST, hyaluronate, age, urea

Hepascore Fibrosis score including age,

Enhanced liver fibrosis
(ELF) test™

sex, alpha-2-macroglobulin,
hyaluronate, Brb, GGT

Fibrosis score including procollagen
type Il N-terminal peptide, tissue
inhibitor of metalloproteinase-1
and hyaluronic acid

FIB4*® Fibrosis score including age, ALT,
AST, platelets
APRI Fibrosis score including ALT, platelets

Forn's index™

Fibrosis score including age, GGT,
cholesterol, platelets

ALD and AH: disease

progression and prognostic

Hepatoma development

ALD: disease progression
Prognostic

Fibrosis assessment

Fibrosis assessment

Fibrosis assessment

Fibrosis assessment

Fibrosis assessment

Fibrosis assessment

Fibrosis assessment

Cut-offs for 3 risk groups: <0.31,
0.31-0.58, and >0.58

Cut-offs for 2 risk groups: <0.61
(significant fibrosis) and >0.61

Cut-offs for 2 risk groups: >0.5
(significant fibrosis) and <0.5
(exclude advanced fibrosis)

Cut-offs for 3 risk groups: <9.8,
9.8-10.5,and >10.5

Cut-offs between low and
intermediate group: 1.3 (for age
<65 years) and 2.0 (for age >65
years); >2.67 for high-risk group

Cut-offs for 2 risk groups: <0.75 and
=>0.75

Cut-offs for 3 risk groups: <4.2,
4.2-6.9,and >6.9

ALD, alcohol-related liver disease; PNPLA3, patatin-like phospholipase domain-containing protein 3; AH, alcohol-induced hepatitis;
HSD17B13, hydroxysteroid 17-beta dehidrogenase 13; TM6F2, transmembrane 6 superfamily 2; Brb, bilirubin; GGT, gamma-glutamyl
transferase; AST, aspartate transaminase; FIB4, fibrosis-4; APRI, AST to Platelet Ratio Index.
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sound/elastography waves such as transient elastography
and magnetic resonance elastography. Transient elastogra-
phy could potentially diagnose subclinical liver disease
among heavy drinkers, allowing for earlier referral to a spe-
cialty liver clinic. Liver stiffness measurement by transient
elastography (FibroScan®) closely correlates with the degree
of fibrosis, but in studies that did not consider the presence
of AH as a possible confounder. Patients with alcohol-related
cirrhosis had significantly higher values of liver stiffness than
those with viral cirrhosis. Moreover, the cut-off values should
be modified in patients with elevated transaminases (AST
>200 UI/L).** Other confounding factors that can interfere in-
clude recent alcohol intake, no compliance with fasting rec-
ommendation before the assessment and the presence of
cholestasis.”> Also, a new measurement, the controlled atten-
uation parameter incorporated into the FibroScan®-device
showed a good correlation with steatosis on liver histology.™*
In a prospective, single-etiology cohort study of 462 patients
with biopsy-proven ALD and up to 7 years of follow-up, it
was found that transient elastography and the ELF test pre-
dict liver-related events with excellent prognostic accuracy.
They were considered as accurate prognostic markers in pa-
tients with early stages of alcohol-related liver fibrosis or
compensated cirrhosis. This study also found that cut-offs for
transient elastography can be used to separate patients into
three groups of distinctly different risks profiles: compared to

Table 3. Biomarkers in diagnosis and prognosis of patients with AH

Concepcién Gomez-Medina, et al.
Different stages of alcohol-induced liver disease

patients with a liver stiffness below 10 kPa, patients with liver
stiffness between 10 and 15 kPa had an 8-fold higher hazard
for liver-related events, and those with liver stiffness >15 kPa
had a 28-fold higher hazard.” In the near future, our group
will start an observational study to identify the prevalence of
advanced liver fibrosis among patients with excessive alcohol
intake using a non-invasive method (transient elastography
FibroScan®) and to characterize the main environmental, ge-
netic and epigenetic factors that could influence the devel-
opment of advanced fibrosis. A new tool has been imple-
mented in conventional ultrasound systems, the shear wave
elastography (SWE). It allows to choose the best acoustic
window for liver stiffness measurement.” In a study carried
out in Korea, the area under the receiver operating character-
istic (AUROC) of SWE for discriminating ASH from simple ste-
atosis was 0.93 and the AUROC for diagnosing cirrhosis with
ASH vs. cirrhosis without ASH was 0.92.” Additionally, a cut-
off higher than 20 KPa carries prognostic information.*® Al-
though magnetic resonance elastography has the best diag-
nostic accuracy for liver fibrosis detection, its’ use is not
widely available in clinical settings because it requires specif-
ic software and an external device.”*

A recent study carried out by Chen et al.”" has also identi-
fied some prognostic factors based on computed tomogra-
phy radiomics (texture, liver surface nodularity and steatosis
measurements) which were associated with reduced 90-day

Biomarker Biology

Significance

Keratin-18, 30/M65"°

Lipoprotein Z'™

particle. Hepatotoxic.
Cytolysin™ Product Enterococcus faecalis
Bacterial DNA"™

Transferrin'™

Product gut bacteria
Marker of HNf4A function

114

Lipopolysaccharide
IL-6, IL-8, IL-20™

114

Inflammatory cytokines
Osteopontin
miR122, miRNA155, miRNA192"™
PNPLA3'™

Extracellular protein marker
Epigenetic regulators

Genetic polymorphism

Marker of necro-apoptosis hepatocytes

Abnormal free cholesterol-enriched LDL-like

Product gram-negative bacteria

Diagnostic and prognostic

Prognostic

Prognostic
Prognostic and infection development

Prognostic

Prognostic and therapeutic response
Prognostic
Prognostic
Prognostic

ALD and AH: disease progression and
prognostic
Hepatoma development

AH, alcohol-induced hepatitis; LDL, low-density lipoprotein; HNF4A, hepatocyte nuclear factor 4 alpha; IL, interleukin; ALD, alcohol-related
liver disease; PNPLA3, patatin-like phospholipase domain-containing protein 3.
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and overall transplant-free survival in AH.

Histology assessment

Histologically, AH is associated with ballooned hepato-
cytes, MDB, lobular polymorphonuclear neutrophils and
pericellular and sinusoidal fibrosis (in “chicken wire” appear-
ance). The histological features of ASH are similar from those
described in NASH.%

According to the CLASH study, AH presented histologically
more advanced fibrosis, MDB, bilirubinostasis, severe neutro-
phil infiltration and progenitor cell expansion than ASH. AH
was characterized by profound ductular reaction, which is
not seen in early asymptomatic phases and is associated with
poor prognosis. Another study carried out by Ventura-Cots et
al.” revealed through histological and molecular profiling
that ductular reaction is a driver of portal hypertension in pa-
tients with AH.

The SALVE (Study of Alcohol-related LiVer disease in Eu-
rope) Histopathology Group developed and validated a grad-
ing and staging system for the clinical and full histological
spectrum of ALD and evaluated its prognostic utility in a
multinational cohort of 445 patients.”” SALVE grade was de-
scribed by semiquantitative scores for steatosis, activity (he-
patocellular injury and lobular neutrophils) and cholestasis.
The histological diagnosis of ASH due to ALD (histological
ASH) was based on the presence of hepatocellular balloon-
ing and lobular neutrophils. Severe cirrhosis and histological
ASH were identified as independent predictors of short-term
survival in decompensated ALD, and decompensation- free
survival in compensated ALD.

Altamirano et al also presented a histologic scoring system
that relates to the prognosis in patients with AH.” The au-
thors identified histologic features associated with AH dis-
ease severity and proposed a semiquantitative scoring sys-
tem, the “Alcoholic Hepatitis Histologic score”. Four histologic
features were combined to create the final score: fibrosis
stage, bilirubinostasis, polymorphonuclear infiltration, and
megamitochondria. The degree of fibrosis and the presence
of bilirubinostasis were positively associated with higher
short-term mortality. On the other hand, mild polymorpho-
nuclear infiltration and absence of megamitochondria were
associated with poorer outcome in these patients. Low, mod-
erate, and high score was associated with a short-term mor-
tality of 3%, 19%, and 51%, respectively. The prognostic assess-
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ment of this score to predict short-term mortality compared
favorably with well-validated, non-invasive scoring systems
for AH such as the Model for End-Stage Liver Disease (MELD).
Further, the histologic score was able to provide additional
prognostic information in AH patients with low MELD scores.
In patients with a MELD score of <21, a cutoff value of 5
points in the histologic score differentiated two subgroups
with different 90-day survival (94% vs. 72%). However, a re-
cent study showed that this score is not predictive of short-
term survival in patients with severe AH. Further studies
should evaluate whether the prognostic value of histologic
parameters differs according to the severity of liver disease.”*

AH

AH is clinically defined as abrupt onset of progressive jaun-
dice and liver-related complications with hyperbilirubinemia
(>3 mg/dL), AST/ALT ratio >1.5 with levels of AST >1.5 times
the upper limit of normal but <400 IU/L; and heavy alcohol
drinking until 4 weeks before onset of symptoms and ab-
sence of other causes of liver disease (10-20%).

To date, multiple scoring systems have been developed to
predict short-term prognosis in patients with AH. One of the
most validated is the Maddrey Discriminant Function (MDF),
which includes prothrombin time and total bilirubin, and
where severe AH is defined by a score >32.°° Other scoring
systems include the MELD score,” the Glasgow Alcoholic
Hepatitis score® and the age, serum bilirubin, INR and serum

creatinine.®’”°

MELD score incorporates renal function, as a
major determinant of outcomes in AH patients. A MELD score
>20 has been proposed as definition of severe AH.”" A recent
large worldwide study showed that MELD is the best scoring
system to predict mortality in alcohol-associated hepatitis.”
Another relevant prognostic tool is the Lille score, assessed
after 4-7 days of corticosteroid therapy. A Lille score <0.45
predicts a good response to corticosteroids and continuing
prednisolone for 4 weeks is recommended.”

Acute kidney injury (AKI) is a common complication in pa-
tients with AH and negatively impacts short-term survival.”*”
Therefore, serum creatinine should be screened in all pa-
tients with AH. A recent study carried out by Fernandez-Car-
rillo et al.” found out that AKI in the setting of AH is charac-
terized by a higher urine potassium concentration. Among
the biomarkers considered in the study, urine NGAL, IGFBP-7,
KIM-1, LFABP, as well as TIMP-1 and TIMP-2 discriminated AKI
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vs. non-AKI (P<0.01 for all). Interestingly, the performance of
TIMP-1 and 2 in patients with AH was significantly better
than in patients with decompensated cirrhosis with and
without AKI. Interestingly, urine interleukin (IL)-18 was exclu-
sively increased in patients with AH and identified those with
AKI (P<0.001). Serum levels of IL-18 were slightly higher in pa-
tients with AH vs. decompensated cirrhosis (P<0.05). There
was no correlation between serum and urine IL-18 levels
among patients with AH. Among all studied biomarkers,
NGAL predicted 3-months survival (AUROC 0.72).” Hepatic
encephalopathy and lack of alcohol abstinence are also key
factors that impair long-term prognosis.”’

Patients with non-severe AH, defined as a MELD score <20
or MDF <32, have a low risk of short-term mortality. The
5-year mortality of decompensated patients with ASH and
an MDF <32 is about 50%.

Regarding the AH treatment, the only therapy with proven
benefit is alcohol abstinence. There are multiple scores to
predict alcohol relapse after an AH episode. A recent study
carried out by Clemente et al.,”® discriminate different risk
groups for early alcohol relapse after an episode of AH. The
higher group risk were patients under 44 years of age, MELD
>21, no cirrhosis or psychiatric disease diagnosis, no relation-
ships and unemployed.”® A therapy that has shown likely
benefit is corticosteroids. Prednisolone (40 mg/day) given
orally should be considered to improve 28-day mortality in
patients with severe AH (MDF >32) without contraindications
to the use of corticosteroids. However, survival benefit was
not sustained at 90 or 180 days.”” The Lille score should be
used to reassess prognosis, identify non-responders, and
guide treatment course after 7 days of corticosteroids.” Oth-
er therapies with potential benefit are N-acetylcysteine and
Granulocyte-colony stimulating factor (G-CSF).*' In patients
with steroid non-responsive severe AH (day 7 Lille score
>0.45), the administration of G-CSF reduces the disease se-
verity and 90-day mortality.”” According to a recent presenta-
tion at the International Liver Congress 2021 carried out by
Louvet et al.,*> amoxicillin/clavulanate plus prednisolone in
severe AH do not improve survival at 2 months. Future treat-
ment to consider are IL-1R antagonist anakinra, fecal trans-
plantation,* DUR-928,% and IL-22 agonist F-652.% It should
also be considered the early liver transplant for severe AH not
responding to medical therapy, it has been demonstrated
that improves survival compared to patients without trans-
plant.¥*
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SUBCLINICAL ASH VS. AH: MOLECULAR
PROFILING

The cellular and molecular mechanisms of ALD are multi-
faceted, complex, and poorly understood in part due to the
lack of clinical and histological replication in animal models.
The majority of mechanistic investigations uses animal mod-
els to identify several molecular drivers of intermediate ALD
(steatosis and mild inflammation), but not the severe fibrosis
and cholestasis that are seen in advanced ALD.’

Alcohol is processed into acetaldehyde in the liver forming
proteins and DNA adducts, promoting lipid peroxidation,
glutathione depletion, and mitochondrial damage.” These
adducts also act as antigens, causing lymphocyte migration
to the liver and activating the adaptive immune response.
Kupffer cells release anti-inflammatory cytokines (IL-10) and
hepato-protective factors (IL-6) that help to prevent hepato-
cellular damage caused by alcohol.””

On top of that, acute alcohol intake or binge drinking also
increase serum levels of bacterial products. Alcohol increases
gut permeability and bacterial product translocation into the
portal circulation, leading to the generation of proinflamma-
tory cytokines such tumor necrosis factor, which contribute
to hepatocellular damage.” A variety of proinflammatory cy-
tokines, such as IL-1, IL-8, osteopontin, CXCL1, CXCL4, CXCL5,
and CXCL6, are up-regulated during alcoholic liver injury and
also contribute to neutrophil recruitment.”** Recently, there
is an increasing amount of evidence suggesting the gut-liver
axis and bacterial dysbiosis as a major factor in ALD, poten-
tially becoming a target for therapy. There are major imbal-
ances in the gut barrier that facilitates pathogen-associated
molecular patterns, gut-derived bacterial products that trig-
ger mostly hepatic stellate cells (HSCs) and Kupffer cells, to
translocate into the portal circulation.”® The more severe the
AH onset gets, the more gut dysbiosis and bile-acid disbal-
ance is seen.”*

The major pathogenic and prognostic event in the devel-
opment of ALD is the progression of fibrosis.”** Alcohol
abuse can cause liver fibrosis by extracellular buildup of col-
lagen and other matrix proteins. It promotes collagen expres-
sion in HSCs and, when coupled with other biological com-
ponents, forms a variety of adducts that keep HSCs active.”
Neutrophils, injured hepatocytes, and activated Kupffer cells
can also stimulate HSCs by releasing profibrogenic mediators
such as transforming growth factor, platelet-derived growth
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factor, IL-8, angiotensin I, and leptin.” HSC profibrogenic sig-
naling pathways are also stimulated by reactive oxygen spe-
cies, resulting in fibrogenesis enhancement through modula-
tion of angiogenesis. The endoplasmic reticulum and
mitochondrial-derived glutathione continuously neutralize
the reactive oxygen species produced by the metabolism of
alcohol. However, whenever the body is exposed chronically
to alcohol, mitochondrial-derived glutathione becomes de-
pleted, and the reactive oxygen species interact with iron
and ethanol forming reactive metabolites responsible for lip-
id peroxidation of cell membranes.*"”'

Activated HSCs are destroyed by natural killer cells, which
release interferon, cause HSC cell cycle arrest and apopto-
sis.'”'® Thus, alcohol reduces the ability of natural killer cells
to fight fibrosis and liver regeneration becomes inefficient. In
advanced cirrhotic ALD, chronic alcohol exposure impairs liv-
er regeneration by inhibiting DNA synthesis in mature hepa-
tocytes. Thus, along with hepatocyte dedifferentiation, the
liver regeneration impairment is a key event leading to liver
failure in ALD.

The proliferation mechanisms of adult hepatocyte are en-
tirely substituted by massive ductular cell proliferation and
an intensification in the number of hepatocytes expressing
markers from progenitor cell.” Our group has shown recently
that patients with AH have a hepatocyte nuclear factor 4 al-
pha (HNF4A) transcriptomic footprint. Liver-enriched tran-
scription factors, such as HNF1A, RXRA, and FOXAT1, were
shown to be downregulated, while HNF4A P2 variants, char-
acteristically expressed throughout fetal liver development,
are expressed in AH patients.” Thus, the restoration of HN-
F4A function can potentially be a therapeutic target for se-
vere ALD (Fig. 3).

CONCLUSIONS

The prevalence of AUD and ALD is increasing in a global
manner. ALD includes a wide range spectrum of early and
advanced phenotypes. Most patients are seen at advanced
stages of the disease when an episode of AH and/or clinical
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Figure 3. Pathogenesis of alcohol-related liver disease and alcohol-induced hepatitis. Excessive alcohol intake cause Kupffer cells and Stellate
cells activation along with changes in the microbiome and increased gut permeability. The resulting liver damage, hepatic and systemic in-
flammation and liver fibrosis are responsible for the dominant clinical consequences seen in AH patients. In addition, expansion of immature
progenitor cells leads to impaired regeneration and HNF4a P2 variants are seen expressed in AH. LPS, lipopolysaccharide; NADPH, nicotin-
amide adenine dinucleotide phosphate; NFkB, nuclear factor kappa B; TNF, tumoral necrosis factor; ROS, reactive oxygen species; HSC, hepatic
stellate cell; TGF-B, transforming growth factor-f3; STAT, signal transducers and activators of transcription; SIRS, systemic inflammatory re-
sponse syndrome; HNF4A, hepatocyte nuclear factor 4 alpha; AH, alcohol-induced hepatitis.
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decompensations are developed. Campaigns for early detec-
tion of asymptomatic or subclinical forms are urgently need-
ed. ALD is characterized by profound fibrogenesis even in
subclinical forms. Compared to compensated ALD, AH is
characterized by profound reprogramming of hepatocytes
with features of de-differentiated and cholangiocytes. Trans-
lational studies have identified novel targets for the design of
therapeutic clinical trials.

Unmet needs for future research

Scientific consensus conference to better define subclinical
stages of ALD. Cost-effective measures and public health pol-
icies to reduce alcohol consumption. Early detection of AUD
and concomitant ALD is urgently needed. As the underlying
mechanisms of subclinical ASH remain elusive, further re-
search is needed to clarify druggable molecular drivers as
well as prognostic biomarkers. Effective and safer therapies
for patients with ALD are still needed.

Authors’ contribution

CGM and LM wrote the manuscript and prepared the fig-
ures and tables. DMA and RB revised the manuscript. All the
authors read and approved the final version.

Conflicts of Interest
The authors have no conflicts to disclose.

REFERENCES

1. World Health Organization. Global status report on alcohol
and health 2018. Genava: World Health Organization, 2019.

2. Argemi J, Ventura-Cots M, Rachakonda V, Bataller R. Alcoholic-
related liver disease: pathogenesis, management and future
therapeutic developments. Rev Esp Enferm Dig 2020;112:869-
878.

3. Bataller R, Gao B. Liver fibrosis in alcoholic liver disease. Semin
Liver Dis 2015;35:146-156.

4. Lackner C, Spindelboeck W, Haybaeck J, Douschan P, Rainer
F, Terracciano L, et al. Histological parameters and alcohol
abstinence determine long-term prognosis in patients with
alcoholic liver disease. J Hepatol 2017;66:610-618.

5. Seitz HK, Bataller R, Cortez-Pinto H, Gao B, Gual A, Lackner C,
et al. Alcoholic liver disease. Nat Rev Dis Primers 2018;4:16.

http://www.e-cmh.org

https://doi.org/10.3350/cmh.2022.0017

Concepcién Gomez-Medina, et al.
Different stages of alcohol-induced liver disease

. Gao B, Bataller R. Alcoholic liver disease: pathogenesis and

new therapeutic targets. Gastroenterology 2011;141:1572-1585.

. Mathurin P, Bataller R. Trends in the management and burden

of alcoholic liver disease. J Hepatol 2015;62(1 Suppl):538-546.

. Stickel F, Datz C, Hampe J, Bataller R. Pathophysiology and

management of alcoholic liver disease: update 2016. Gut Liver
2017;11:173-188.

. Seitz HK, Neuman MG. The history of alcoholic liver disease:

from an unrecognized disease to one of the most frequent
diseases in hepatology. J Clin Med 2021;10:858.

. Shah ND, Ventura-Cots M, Abraldes JG, Alboraie M, Alfadhli A,

Argemi J, et al. Alcohol-related liver disease is rarely detected
at early stages compared with liver diseases of other etiologies
worldwide. Clin Gastroenterol Hepatol 2019;17:2320-2329.e12.

. Parker R, Aithal GP, Becker U, Gleeson D, Masson S, Wyatt JI, et

al. Natural history of histologically proven alcohol-related liver
disease: a systematic review. J Hepatol 2019;71:586-593.

. Simon TG, Roelstraete B, Khalili H, Hagstrom H, Ludvigsson JF.

Mortality in biopsy-confirmed nonalcoholic fatty liver disease:
results from a nationwide cohort. Gut 2021;70:1375-1382.

. Singal AK, Bataller R, Ahn J, Kamath PS, Shah VH. ACG clinical

guideline: alcoholic liver disease. Am J Gastroenterol 2018;113:
175-194.

. Crabb DW, Im GY, Szabo G, Mellinger JL, Lucey MR. Diagnosis

and treatment of alcohol-associated liver diseases: 2019 prac-
tice guidance from the American Association for the Study of
Liver Diseases. Hepatology 2020;71:306-333.

. Bruha R, Dvorak K, Petrtyl J. Alcoholic liver disease. World J

Hepatol 2012;4:81-90.

. Marti-Aguado D, Rodriguez-Ortega A, Mestre-Alagarda C, Bau-

za M, Valero-Pérez E, Alfaro-Cervello C, et al. Digital pathology:
accurate technique for quantitative assessment of histological
features in metabolic-associated fatty liver disease. Aliment
Pharmacol Ther 2021;53:160-171.

. Israelsen M, Guerrero Misas M, Koutsoumourakis A, Huang Y,

Thiele M, Hall A, et al. Collagen proportionate area predicts
clinical outcomes in patients with alcohol-related liver disease.
Aliment Pharmacol Ther 2020;52:1728-1739.

. Shah ND, Cots MV, Zhang C, Zahiragic N, Yu Y, Yacoub M, et

al. Worldwide lack of early referral of patients with alcoholic
liver disease: results of the global alcoholic liver disease survey
(GLADIS). J Hepatol 2017;66(Supplement 1):5107-S108.

. Ventura-Cots M, Argemi J, Jones PD, Lackner C, El Hag M,

Abraldes JG, et al. Clinical, histological and molecular profil-
ing of different stages of alcohol-related liver disease. Gut

1"



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

12

2022;71:1856-1866 .

Cortez-Pinto H, Baptista A, Camilo ME, De Moura MC. Nonalco-
holic steatohepatitis--a long-term follow-up study: compari-
son with alcoholic hepatitis in ambulatory and hospitalized
patients. Dig Dis Sci 2003;48:1909-1913.

Bouchier IA, Hislop WS, Prescott RJ. A prospective study of al-
coholic liver disease and mortality. J Hepatol 1992;16:290-297.
Chedid A, Mendenhall CL, Gartside P, French SW, Chen T, Rabin
L. Prognostic factors in alcoholic liver disease. VA Cooperative
Study Group. Am J Gastroenterol 1991;86:210-216.

Altamirano J, Miquel R, Katoonizadeh A, Abraldes JG, Duarte-
Rojo A, Louvet A, et al. A histologic scoring system for prognosis
of patients with alcoholic hepatitis. Gastroenterology 2014;146:
1231-1239.e1-e6.

Dominguez M, Miquel R, Colmenero J, Moreno M, Garcia-
Pagan JC, Bosch J, et al. Hepatic expression of CXC chemokines
predicts portal hypertension and survival in patients with
alcoholic hepatitis. Gastroenterology 2009;136:1639-1650.

Affo S, Dominguez M, Lozano JJ, Sancho-Bru P, Rodrigo-Torres
D, Morales-Ibanez O, et al. Transcriptome analysis identifies
TNF superfamily receptors as potential therapeutic targets in
alcoholic hepatitis. Gut 2013;62:452-460.

Lanthier N, Rubbia-Brandt L, Lin-Marg N, Clément S, Frossard
JL, Goossens N, et al. Hepatic cell proliferation plays a piv-
otal role in the prognosis of alcoholic hepatitis. J Hepatol
2015;63:609-621.

Lackner C, Stauber RE, Davies S, Denk H, Dienes HP, Gnemmi
V, et al. Development and prognostic relevance of a histologic
grading and staging system for alcohol-related liver disease. J
Hepatol 2021;75:810-819.

Crabb DW, Bataller R, Chalasani NP, Kamath PS, Lucey M,
Mathurin P, et al. Standard definitions and common data ele-
ments for clinical trials in patients with alcoholic hepatitis: rec-
ommendation from the NIAAA alcoholic hepatitis consortia.
Gastroenterology 2016;150:785-790.

American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, fifth edition. Washington, DC:
American Psychiatric Association, 2013.

Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant
M. Development of the alcohol use disorders identification
test (AUDIT): WHO collaborative project on early detection
of persons with harmful alcohol consumption--II. Addiction
1993;88:791-804.

Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The
AUDIT alcohol consumption questions (AUDIT-C): an effective

https://doi.org/10.3350/cmh.2022.0017

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

brief screening test for problem drinking. Ambulatory care
quality improvement project (ACQUIP). Alcohol use disorders
identification test. Arch Intern Med 1998;158:1789-1795.

Fiellin DA, Reid MC, O’Connor PG. Screening for alcohol prob-
lems in primary care: a systematic review. Arch Intern Med
2000;160:1977-1989.

Saitz R, Mayo-Smith MF, Roberts MS, Redmond HA, Bernard
DR, Calkins DR. Individualized treatment for alcohol with-
drawal. A randomized double-blind controlled trial. JAMA
1994;272:519-523.

Baraona E, Leo MA, Borowsky SA, Lieber CS. Alcoholic
hepatomegaly: accumulation of protein in the liver. Science
1975;190:794-795.

Mendenhall CL, Anderson S, Weesner RE, Goldberg SJ, Crolic
KA. Protein-calorie malnutrition associated with alcoholic
hepatitis. Veterans administration cooperative study group on
alcoholic hepatitis. Am J Med 1984;76:211-222.

Litten RZ, Bradley AM, Moss HB. Alcohol biomarkers in applied
settings: recent advances and future research opportunities.
Alcohol Clin Exp Res 2010;34:955-967.

Cabezas J, Lucey MR, Bataller R. Biomarkers for monitoring
alcohol use. Clin Liver Dis (Hoboken) 2016;8:59-63.

Sterneck M, Yegles M, Rothkirch von G, Staufer K, Vettorazzi
E, Schulz KH, et al. Determination of ethyl glucuronide in hair
improves evaluation of long-term alcohol abstention in liver
transplant candidates. Liver Int 2014;34:469-476.

Stewart SH, Koch DG, Willner IR, Anton RF, Reuben A. Valida-
tion of blood phosphatidylethanol as an alcohol consumption
biomarker in patients with chronic liver disease. Alcohol Clin
Exp Res 2014;38:1706-1711.

Fleming MF, Anton RF, Spies CD. A review of genetic, biological,
pharmacological, and clinical factors that affect carbohydrate-
deficient transferrin levels. Alcohol Clin Exp Res 2004;28:1347-

1355.

Hrubec Z, Omenn GS. Evidence of genetic predisposition to
alcoholic cirrhosis and psychosis: twin concordances for alco-
holism and its biological end points by zygosity among male
veterans. Alcohol Clin Exp Res 1981;5:207-215.

Reed T, Page WF, Viken RJ, Christian JC. Genetic predisposition
to organ-specific endpoints of alcoholism. Alcohol Clin Exp
Res 1996;20:1528-1533.

Whitfield JB, Rahman K, Haber PS, Day CP, Masson S, Daly AK,
et al. Brief report: genetics of alcoholic cirrhosis-GenomALC
multinational study. Alcohol Clin Exp Res 2015;39:836-842.
Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis

http://www.e-cmh.org



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

htt

progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997;349:825-
832.

Bedogni G, Miglioli L, Masutti F, Ferri S, Castiglione A, Lenzi M,
et al. Natural course of chronic HCV and HBV infection and role
of alcohol in the general population: the Dionysos study. Am J
Gastroenterol 2008;103:2248-2253.

Novo-Veleiro |, Alvela-Sudrez L, Chamorro AJ, Gonzélez-
Sarmiento R, Laso FJ, Marcos M. Alcoholic liver disease and
hepatitis C virus infection. World J Gastroenterol 2016;22:1411-
1420.

lida-Ueno A, Enomoto M, Tamori A, Kawada N. Hepatitis B vi-
rus infection and alcohol consumption. World J Gastroenterol
2017;23:2651-2659.

Aberg F, Helenius-Hietala J, Puukka P, Jula A. Binge drinking
and the risk of liver events: a population-based cohort study.
Liver Int 2017;37:1373-1381.

Pose E, Pera G, Toran P, Gratacés-Gines J, Avitabile E, Expdsito
C, et al. Interaction between metabolic syndrome and alcohol
consumption, risk factors of liver fibrosis: a population-based
study. Liver Int 2021;41:1556-1564.

Thiele M, Madsen BS, Hansen JF, Detlefsen S, Antonsen S, Krag
A. Accuracy of the enhanced liver fibrosis test vs fibrotest,
elastography, and indirect markers in detection of advanced
fibrosis in patients with alcoholic liver disease. Gastroenterol-
ogy 2018;154:1369-1379.

Chrostek L, Panasiuk A. Liver fibrosis markers in alcoholic liver
disease. World J Gastroenterol 2014;20:8018-8023.

Mueller S, Englert S, Seitz HK, Badea RI, Erhardt A, Bozaari B, et
al. Inflammation-adapted liver stiffness values for improved
fibrosis staging in patients with hepatitis C virus and alcoholic
liver disease. Liver Int 2015;35:2514-2521.

Pavlov CS, Casazza G, Nikolova D, Tsochatzis E, Burroughs
AK, Ivashkin VT, et al. Transient elastography for diagnosis of
stages of hepatic fibrosis and cirrhosis in people with alcoholic
liver disease. Cochrane Database Syst Rev 2015;1:CD010542.
Thiele M, Rausch V, Fluhr G, Kjaergaard M, Piecha F, Mueller J,
et al. Controlled attenuation parameter and alcoholic hepatic
steatosis: diagnostic accuracy and role of alcohol detoxifica-
tion. J Hepatol 2018;68:1025-1032.

Rasmussen DN, Thiele M, Johansen S, Kjeergaard M, Lindvig
KP, Israelsen M, et al. Prognostic performance of 7 biomarkers
compared to liver biopsy in early alcohol-related liver disease.
J Hepatol 2021;75:1017-1025.

. Ferraioli G, Tinelli C, Lissandrin R, Zicchetti M, Dal Bello B, Filice

p://www.e-cmh.org

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

https://doi.org/10.3350/cmh.2022.0017

Concepcién Gomez-Medina, et al.
Different stages of alcohol-induced liver disease

G, et al. Point shear wave elastography method for assessing
liver stiffness. World J Gastroenterol 2014;20:4787-4796.

Cho Y, Choi YI, Oh S, Han J, Joo SK, Lee DH, et al. Point shear
wave elastography predicts fibrosis severity and steatohepati-
tis in alcohol-related liver disease. Hepatol Int 2020;14:270-280.
Trebicka J, Gu W, de Ledinghen V, Aubé C, Krag A, Praktiknjo M,
et al. Two-dimensional shear wave elastography predicts sur-
vival in advanced chronic liver disease. Gut 2022;71:402-414.
Marti-Aguado D, Rodriguez-Ortega A, Alberich-Bayarri A,
Marti-Bonmati L. Magnetic resonance imaging analysis of liver
fibrosis and inflammation: overwhelming gray zones restrict
clinical use. Abdom Radiol (NY) 2020;45:3557-3568.

Selvaraj EA, Mézes FE, Jayaswal ANA, Zafarmand MH, Vali Y,
Lee JA, et al. Diagnostic accuracy of elastography and mag-
netic resonance imaging in patients with NAFLD: a systematic
review and meta-analysis. J Hepatol 2021;75:770-785.

Chen HW, Gougol A, Chupetlovska K, Clemente A, Bataller R,
Duarte-Rojo A, et al. Computed tomography-based radiomics
identifies novel prognostic factors in alcohol associated hepa-
titis. AASLD The Liver Meeting; 2020 Nov 13-16.

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

Ventura-Cots M, El Hag M, Clemente A, Villaseca C, Oertel M,
Aguilar-Bravo B, et al. Histological and molecular profiling
reveals ductular reaction as a driver of portal hypertension in
patients with alcohol-associated hepatitis. AASLD The Liver
Meeting; 2020 Nov 13-16.

Dubois M, Sciarra A, Trépo E, Marot A, Saldarriaga J, Moreno C,
et al. Histologic parameter score does not predict short-term
survival in severe alcoholic hepatitis. United European Gastro-
enterol J 2020;8:1003-1012.

Arab JP, Roblero JP, Altamirano J, Bessone F, Chaves Araujo R,
Higuera-De la Tijera F, et al. Alcohol-related liver disease: clini-
cal practice guidelines by the Latin American Association for
the study of the liver (ALEH). Ann Hepatol 2019;18:518-535.
Maddrey WC, Boitnott JK, Bedine MS, Weber FL Jr, Mezey E,
White RI Jr. Corticosteroid therapy of alcoholic hepatitis. Gas-
troenterology 1978;75:193-199.

Kamath PS, Kim WR; Advanced Liver Disease Study Group.
The model for end-stage liver disease (MELD). Hepatology
2007;45:797-805.

Forrest EH, Evans CD, Stewart S, Phillips M, Oo YH, McAvoy NC,
et al. Analysis of factors predictive of mortality in alcoholic
hepatitis and derivation and validation of the Glasgow alco-

13



Clinical and Molecular Hepatology
Volume_29 Number_1 January 2023

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

14

holic hepatitis score. Gut 2005;54:1174-1179.

Gholam PM. Prognosis and prognostic scoring models for
alcoholic liver disease and acute alcoholic hepatitis. Clin Liver
Dis 2016;20:491-497.

Dominguez M, Rincén D, Abraldes JG, Miquel R, Colmenero J,
Bellot P, et al. A new scoring system for prognostic stratifica-
tion of patients with alcoholic hepatitis. Am J Gastroenterol
2008;103:2747-2756.

Dunn W, Jamil LH, Brown LS, Wiesner RH, Kim WR, Menon KV,
et al. MELD accurately predicts mortality in patients with alco-
holic hepatitis. Hepatology 2005;41:353-358.

Arraez DM, Cots MV, Altamirano J, Abraldes JG, Clemente A,
Alvarado-Tapia E, et al. A large worldwide study shows that
meld is the best scoring system to predict mortality in alcohol-
associated hepatitis. AASLD The Liver Meeting; 2020 Nov 13-
16.

Louvet A, Naveau S, Abdelnour M, Ramond MJ, Diaz E, Fartoux
L, et al. The Lille model: a new tool for therapeutic strategy in
patients with severe alcoholic hepatitis treated with steroids.
Hepatology 2007;45:1348-1354.

Altamirano J, Fagundes C, Dominguez M, Garcia E, Michelena
J, Cardenas A, et al. Acute kidney injury is an early predictor of
mortality for patients with alcoholic hepatitis. Clin Gastroen-
terol Hepatol 2012;10:65-71.e3.

Sujan R, Cruz-Lemini M, Altamirano J, Simonetto DA, Maiwall
R, Axley P, et al. A validated score predicts acute kidney injury
and survival in patients with alcoholic hepatitis. Liver Transpl
2018;24:1655-1664.

Fernandez-Carrillo C, Clemente A, Alvarado-Tapias E, Cots
MV, Argemi J, Ray EC, et al. Identification of interleukin-18 as a
specific urine biomarler of acute kidney injury in patients with
alcohol-associated hepatitis. AASLD The Liver Meeting; 2020
Nov 13-16.

Degré D, Stauber RE, Englebert G, Sarocchi F, Verset L, Rainer
F, et al. Long-term outcomes in patients with decompensated
alcohol-related liver disease, steatohepatitis and Maddrey’s
discriminant function <32. J Hepatol 2020;72:636-642.
Clemente A, Atkinson S, Tyson LD, Cots MV, Argemi J, Vergis N,
et al. Early alcohol relapse after an episode of alcohol-induced
hepatitis (AH): prevalence, impact on liver function, genetic
and non-genetic factors and identification of distinct risk pro-
files. AASLD The Liver Meeting; 2020 Nov 13-16.

Arab JP, Diaz LA, Baeza N, Idalsoaga F, Fuentes-Lopez E, Arnold
J, et al. Identification of optimal therapeutic window for ste-
roid use in severe alcohol-associated hepatitis: a worldwide

https://doi.org/10.3350/cmh.2022.0017

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

study. J Hepatol 2021;75:1026-1033.

Louvet A, Thursz MR, Kim DJ, Labreuche J, Atkinson SR, Sidhu
SS, et al. Corticosteroids reduce risk of death within 28 days for
patients with severe alcoholic hepatitis, compared with pent-
oxifylline or placebo-a meta-analysis of individual data from
controlled trials. Gastroenterology 2018;155:458-468.e8.

Cho Y, Park YS, Kim HY, Kim W, Lee HJ, Kim DJ. Efficacy of gran-
ulocyte colony stimulating factor in patients with severe alco-
holic hepatitis with partial or null response to steroid (GRACIAH
trial): study protocol for a randomized controlled trial. Trials
2018;19:696.

Shasthry SM, Sharma MK, Shasthry V, Pande A, Sarin SK. Ef-
ficacy of granulocyte colony-stimulating factor in the man-
agement of steroid-nonresponsive severe alcoholic hepatitis:
a double-blind randomized controlled trial. Hepatology
2019;70:802-811.

Louvet A, Labreuche J, Dao T, Thevenot T, Oberti F, Bureau C, et
al. Combination of amoxicillin/clavulanate and prednisolone in
severe alcoholic hepatitis: results of the randomized controlled
trial Antibiocor. J Hepatol 2021;2021:5201-5202.

Bajaj JS, Gavis EA, Fagan A, Wade JB, Thacker LR, Fuchs M, et
al. A randomized clinical trial of fecal microbiota transplant for
alcohol use disorder. Hepatology 2021;73:1688-1700.

McClain CJ, Vatsalya V, Rex R, Hassanein TI, Stein LL, Flamm
SL, et al. DUR-928 therapy for acute alcoholic hepatitis: a pilot
study. Hepatology 2019;70:1483-1484.

Arab JP, Sehrawat TS, Simonetto DA, Verma VK, Feng D, Tang T,
et al. An open-label, dose-escalation study to assess the safety
and efficacy of il-22 agonist f-652 in patients with alcohol-
associated hepatitis. Hepatology 2020;72:441-453.

Mathurin P, Moreno C, Samuel D, Dumortier J, Salleron J,
Durand F, et al. Early liver transplantation for severe alcoholic
hepatitis. N Engl J Med 2011;365:1790-1800.

Singal AK, Bashar H, Anand BS, Jampana SC, Singal V, Kuo YF.
Outcomes after liver transplantation for alcoholic hepatitis
are similar to alcoholic cirrhosis: exploratory analysis from the
UNOS database. Hepatology 2012;55:1398-1405.

Im GY, Kim-Schluger L, Shenoy A, Schubert E, Goel A, Fried-
man SL, et al. Early liver transplantation for severe alcoholic
hepatitis in the United States--a single-center experience. Am
J Transplant 2016;16:841-849.

Lee BP, Chen PH, Haugen C, Hernaez R, Gurakar A, Philosophe B,
et al. Three-year results of a pilot program in early liver trans-
plantation for severe alcoholic hepatitis. Ann Surg 2017;265:20-
29.

http://www.e-cmh.org



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

http://www.e-cmh.org

Ronis MJ, Korourian S, Blackburn ML, Badeaux J, Badger TM.
The role of ethanol metabolism in development of alcoholic
steatohepatitis in the rat. Alcohol 2010;44:157-169.

Jiang Y, Zhang T, Kusumanchi P, Han S, Yang Z, Liangpunsakul S.
Alcohol metabolizing enzymes, microsomal ethanol oxidizing
system, cytochrome P450 2E1, catalase, and aldehyde dehy-
drogenase in alcohol-associated liver disease. Biomedicines
2020;8:50.

Crabb DW, Matsumoto M, Chang D, You M. Overview of the
role of alcohol dehydrogenase and aldehyde dehydrogenase
and their variants in the genesis of alcohol-related pathology.
Proc Nutr Soc 2004;63:49-63.

Arab JP, Martin-Mateos RM, Shah VH. Gut-liver axis, cirrhosis
and portal hypertension: the chicken and the egg. Hepatol Int
2018;12(Supp! 1):24-33.

Petrasek J, Bala S, Csak T, Lippai D, Kodys K, Menashy V, et
al. IL-1 receptor antagonist ameliorates inflammasome-
dependent alcoholic steatohepatitis in mice. J Clin Invest
2012;122:3476-3489.

Idalsoaga F, Kulkarni AV, Mousa QY, Arrese M, Arab JP. Non-
alcoholic fatty liver disease and alcohol-related liver disease:
two intertwined entities. Front Med (Lausanne) 2020;7:448.
Chedid A, Arain S, Snyder A, Mathurin P, Capron F, Naveau S.
The immunology of fibrogenesis in alcoholic liver disease.
Arch Pathol Lab Med 2004;128:1230-1238.

Lackner C, Tiniakos D. Fibrosis and alcohol-related liver dis-
ease. J Hepatol 2019;70:294-304.

Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005;115:209-
218.

Setshedi M, Wands JR, Monte SM. Acetaldehyde adducts in
alcoholic liver disease. Oxid Med Cell Longev 2010;3:178-185.
Zhu H, Jia Z, Misra H, Li YR. Oxidative stress and redox signal-
ing mechanisms of alcoholic liver disease: updated experi-
mental and clinical evidence. J Dig Dis 2012;13:133-142.

Yi HS, Lee YS, Byun JS, Seo W, Jeong JM, Park O, et al. Alcohol
dehydrogenase Il exacerbates liver fibrosis by enhancing stel-
late cell activation and suppressing natural killer cells in mice.
Hepatology 2014;60:1044-1053.

Notas G, Kisseleva T, Brenner D. NK and NKT cells in liver injury
and fibrosis. Clin Immunol 2009;130:16-26.

Argemi J, Latasa MU, Atkinson SR, Blokhin 10, Massey V, Gue JP,
et al. Defective HNF4alpha-dependent gene expression as a
driver of hepatocellular failure in alcoholic hepatitis. Nat Com-

105.

106.

107.

108.

109.

10.

n.

n2.

3.

Nn4.

5.

https://doi.org/10.3350/cmh.2022.0017

Concepcién Gomez-Medina, et al.
Different stages of alcohol-induced liver disease

mun 2019;10:3126.

European Association for Study of Liver; Asociacion Latino-
americana para el Estudio del Higado. EASL-ALEH clinical
practice guidelines: non-invasive tests for evaluation of liver
disease severity and prognosis. J Hepatol 2015;63:237-264.
Madsen BS, Thiele M, Detlefsen S, Serensen MD, Kjaergaard M,
Mgller LS, et al. Prediction of liver fibrosis severity in alcoholic
liver disease by human microfibrillar-associated protein 4.
Liver Int 2020;40:1701-1712.

Prystupa A, Kicinski P, Luchowska-Kocot D, Nowicki G, Dzida G,
Myslinski W, et al. Analysis of novel serum markers of fibrosis
and angiogenesis in patients with alcoholic liver cirrhosis. Ann
Agric Environ Med 2020;27:568-573.

Bianco C, Casirati E, Malvestiti F, Valenti L. Genetic predisposi-
tion similarities between NASH and ASH: identification of new
therapeutic targets. JHEP Rep 2021;3:100284.

Whitfield JB, Schwantes-An TH, Darlay R, Aithal GP, Atkinson
SR, Bataller R, et al. A genetic risk score and diabetes predict
development of alcohol-related cirrhosis in drinkers. J Hepatol
2022;76:275-282.

Vatsalya V, Cave MC, Kong M, Gobejishvili L, Falkner KC,
Craycroft J, et al. Keratin 18 is a diagnostic and prognostic fac-
tor for acute alcoholic hepatitis. Clin Gastroenterol Hepatol
2020;18:2046-2054.

Hu K, Perez-Matos MC, Argemi J, Vilar-Gomez E, Shalaurova
|, Bullitt E, et al. Lipoprotein Z, a hepatotoxic lipoprotein, pre-
dicts outcome in alcohol-associated hepatitis. Hepatology
2022;75:968-982.

Duan Y, Llorente C, Lang S, Brandl K, Chu H, Jiang L, et al. Bac-
teriophage targeting of gut bacterium attenuates alcoholic
liver disease. Nature 2019;575:505-511.

Guldiken N, Argemi J, Gurbuz B, Atkinson SR, Oliverius M, Fila
P, et al. Serum transferrin as a biomarker of hepatocyte nuclear
factor 4 alpha activity and hepatocyte function in liver dis-
eases. BMC Med 2021;19:39.

Michelena J, Altamirano J, Abraldes JG, Affo S, Morales-Ibanez
0O, Sancho-Bru P, et al. Systemic inflammatory response and
serum lipopolysaccharide levels predict multiple organ failure
and death in alcoholic hepatitis. Hepatology 2015;62:762-772.
Momen-Heravi F, Saha B, Kodys K, Catalano D, Satishchandran
A, Szabo G. Increased number of circulating exosomes and
their microRNA cargos are potential novel biomarkers in alco-
holic hepatitis. J Trans| Med 2015;13:261.

15



