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binge drinking has generalized. It is considered to be a 
socio-sanitary problem with few known consequences 
in terms of individual and third-party social impacts (in 
the form of violence or traffic accidents) and its organic 
impact (affects the liver and other organs and systems, 
such as the nervous and cardiovascular systems) and 
represents an important financial burden due to its 
increasing economic impact. This review provides a 
global approach to binge drinking and emphasizes its 
epidemiological character, the effect of this type of 
consumption and the possible management of a problem 
with an increasing tendency in our society. 

Key words: Binge drinking; Binge drinking adolescent; 
Binge drinking brain; Binge drinking cardiovascular; 
Alcohol binge; Binge drinking liver

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Binge drinking is an alcohol consumption 
conduct that is primarily performed during the weekend 
by 24% of teenagers and young adults. Although the 
consequences of this habit are not well known, they 
have a social and organic impact on individuals. Binge 
drinking is considered to be a public health issue that 
should be addressed with primary prevention programs 
and a comprehensive intervention of the problem. 

Llerena S, Arias-Loste MT, Puente A, Cabezas J, Crespo J, 
Fábrega E. Binge drinking: Burden of liver disease and beyond. 
World J Hepatol 2015; 7(27): 2703-2715  Available from: URL: 
http://www.wjgnet.com/1948-5182/full/v7/i27/2703.htm  DOI: 
http://dx.doi.org/10.4254/wjh.v7.i27.2703

INTRODUCTION
The consumption of alcoholic beverages is harmful 
to human health. Excessive alcohol intake is a major 
global and public health challenge that has been 
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Abstract
The consumption of alcoholic beverages is harmful to 
human health. In recent years, consumption patterns 
of alcoholic beverages have changed in our society, and 
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identified as one of the main determinants of a variety 
of noncommunicable diseases[1]. The excessive consum­
ption of alcohol is the leading global cause of preventable 
morbidity and mortality and a major problem in Western 
countries. According to the World Health Organization 
(WHO), it is the cause of 4.5% of the diseases in 
the world and 4% of the deaths in the world and 
is considered the main cause of death among men 
between 15 and 59 years of age, especially in Eastern 
Europe countries[2,3]. In the United States, this excessive 
alcohol consumption causes 75000 deaths each year 
and is the third leading preventable cause of death[4]. 
Alcohol is the main cause of cirrhosis and indication 
for liver transplants in Europe, and accounts for 1.8% 
of all deaths caused by liver disease[5]. When the data 
are adjusted by age, alcohol is the main risk factor for 
impairment (i.e., life-years lost at early ages) in young 
populations between 10-24 years of age[6].

In recent years, consumption patterns of alcoholic 
beverages have changed in our society, and binge 
drinking has generalized. The reason for this change 
and its implications for the individual and the society are 
not well known. For this reason, we present this review 
using a comprehensive approach to the binge-drinking 
problem. 

DEFINITION OF BINGE DRINKING 
A unified definition of binge drinking is necessary to 
effectively approach this subject and to analyze the risk 
factors of binge drinking, its socio-sanitary implications 
and its relation to alcohol dependence. We review the 
controversial term of binge drinking, which lacks a 
consensus among the different studies. The controversy 
stems from the following items: (1) its inadequate 
definition; (2) the minimum amount of consumption that 
is considered to be a problem has not been established;
(3) a standard drinking unit (SDU) that is common to all 
countries has not been established; and (4) the unspeci
fied period of time that is considered to be “a single 
event”. 

Consequently, epidemiological studies describe 
important methodological problems; the prevalence of 
this type of consumption in young populations varies 
between 7% and 40% due to the lack of uniform cut-
off points[7]. This variability is attributed to the lack of 
consensus in determining the harmful consumption 
levels of alcohol and the differences in pure ethanol in 
an SDU for each country. Therefore, the cut-off points 
for the number of SDUs ingested in each event (i.e., 
five alcoholic beverages and six alcoholic beverages) 
and the frequency intervals (i.e., in the last week, 15 d, 
and 30 d) in which the episodes of heavy consumption 
occur vary in the different studies[8]. Regarding the 
term binge drinking, several authors suggest that this 
definition traditionally refers to a pattern of consuming 
large amounts of alcohol in a few hours and primarily 
during weekend nights that is conducted by younger 
age groups without a differentiation of gender[8]; they 

primarily correlate it with clinical definitions of abuse or 
dependence[9-11]. 

To prevent confusion, alternate terms have been 
suggested, such as heavy drinking[12-16], heavy episodic 
drinking[17-22], heavy sessional drinking, risky single-
occasion drinking[23], dangerous drinking[24], or high-
risk drinking[25]. In Spain, the First Conference in Health 
Prevention and Promotion in the Clinical Practice in 2007 
proposed the term heavy episodic drinking of alcohol.

Although binge drinking cannot be identified with 
the common criteria for the harmful consumption of 
alcohol, many authors have stressed its social and health 
consequences, which may exceed the social and health 
consequences of regular alcohol consumption[26-29]. 

In the 1990s, the effect of alcohol consumption 
regarding the sex of the patient was determined in 
the Harvard School of Public Health College Alcohol 
Study[30,31]. Wechsler’s group employed a questionnaire 
to evaluate the habits of alcohol consumption. The group 
discovered that significant problems of alcohol consum
ption occur in men after the intake of five beverages 
in one event, whereas similar problems occur after the 
intake of four beverages by women. The term heavy 
alcohol consumption (HAC) evolved and was understood 
as the consumption of five or more drinks by men and 
four or more drinks by women in a single occasion, at 
least once in the last two weeks[31].

Regarding the “single-event” discussion that is 
referenced in the binge drinking definition, several 
authors consider including the concentration of alcohol 
in the blood to determine the adequate threshold for the 
binge-drinking pattern. This threshold is explained by 
the difference in the effect of the intake of one alcoholic 
beverage in one hour during five continuous hours in an 
adult with an average body weight and the intake of the 
same amount of alcohol (five beverages) over a shorter 
period, for example, two hours.

Accordingly, the National Institute on Alcohol Abuse 
and Alcoholism (NIAAA)[32] redefined the term HAC by 
considering the level of concentration of alcohol in the 
blood. HAC considers minimum levels of 0.08 g/L of 
alcohol in the blood when determining the pattern of 
alcohol consumption. In adults, this level would corres
pond to the intake of five or more beverages by men and 
four or more beverages by women in approximately two 
hours. The NIAAA considers duration (two hours) in the 
HAC definition.

To consolidate a definition that includes alcohol levels 
in the blood, several studies have employed different 
variants of Widmark’s formula, which was developed in 
the 1930s and has proven adequate reliability[33]. This 
equation establishes that the maximum concentration 
of alcohol in the blood is A/(p × r), where A = amount 
of alcohol consumed (in grams); p = body weight and r 
= fat/water ratio (0.7 for men and 0.6 for women).

Recently, another study[34] determined that the 
definition by Wechsler’s group[30,31] and the NIAAA pro
posal[33] are strongly correlated with a similar pattern 
of association among the variables of sex, race and 
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age and the initiation of consumption. These authors 
believe that quantity and duration should be considered, 
as suggested by the NIAAA, because the sole inclusion 
of the quantity variable underestimates the HAC pre
valence and is insufficiently sensitive in discriminating 
between problematic and nonproblematic patterns of 
consumption.

An additional and more adequate definition for the 
clinical environment may be the consumption of six or 
more alcoholic beverages by men (60 g) and five or 
more alcoholic beverages by women (50 g) in a single 
occasion (in a two-hour period) at least once in the 
last 30 d. This definition is similar to the approach by 
the NIAAA[32] and Wechsler’s group[30,31] and gathers 
all proven relevant variables of quantity and frequency 
but requires customization to the country in which the 
research will be conducted.

EPIDEMIOLOGY
Since Strauss and Bacon’s epidemiological study, which 
was performed in the United States during the 1950s[30], 
several authors have reported an alarming increase in 
alcohol consumption among young global populations 
and consider it to be a risk pattern of consumption in 
this population (Table 1)[35-38]. At the European level 
(Eurobarometer, 2007), approximately 80 million 
Europeans who are aged 15 years or older [over one-
fifth of the adult European Union (EU) population] 
reported binge drinking at least once a week in 2006; 
this proportion has increased since 2003 in the adult 
population of the EU 15 (Austria, Belgium, Denmark, 
Finland, France, Germany, Greece, Ireland, Italy, 

Luxembourg, The Netherlands, Portugal, Spain, Sweden, 
and the United Kingdom). Binge drinking is not the 
prerogative of the young. Eighteen percent of persons 
aged 55 years of age and older reported binge drinking 
at least once a week in 2006 compared with 24% of 
persons aged between 15 and 24 years. Eastern Europe 
had the highest pattern of drinking score of 4.9, which 
indicated that people in this region frequently consumed 
large quantities of alcohol and frequently drank to 
intoxication, engaged in prolonged binges, and primarily 
consumed alcohol outside of mealtime[39]. Traditionally, 
alcohol consumption in Spain has been associated 
with the adult population; its regular consumption was 
primarily linked with gastronomy and social events. 
In the last 20 years in the remaining Mediterranean 
countries, important changes have occurred regarding 
the quantity, patterns and meaning of consumption that 
are similar to the increased binge drinking in the rest of 
the world[8]. One of the most recent household surveys 
on alcohol and drug use in Spain showed that 18% of the 
population between 15 and 34 years of age (with a mean 
age of first contact with alcohol at the age of 16.8 years) 
indicated that they consumed five or more alcoholic 
beverages in one single occasion (occasion refers to 
the intake of several glasses in a couple of hours) in the 
last 30 d[40]. A cross-sectional study[41] with a significant 
number of participants (n = 20608) of 15 years of age 
and older that employed the 2011-2012 National Health 
Survey as a source of information (Servicio Nacional de 
Salud, by its initials in Spanish) considered the intake of 
≥ 40 g/d of alcohol in men or ≥ 24 g/d in women to 
be high-risk consumption. Binge drinking was defined 
as the consumption of ≥ 6 (men) and ≥ 5 (women) 
standard beverages of alcohol in 4-6 h in the last 12 mo. 
A total of 1.3% of the surveyed subjects were average 
high-risk drinkers; 19.6% of the men and 7.1% of the 
women had performed binge drinking in the last year. 
This pattern decreased with age but increased with 
educational level in both sexes, with beer as the most-
consumed beverage. A study in Italy[42] of 654 individuals 
with a mean age of 20.6 years showed that 38% of 
the subjects had recently engaged in binge drinking. 
By performing a multivariate analysis, a relation was 
observed between this type of consumption and higher 
educational expectations, a larger amount of money 
available to spend during the weekends, interests in 
parties and discos, a higher prevalence in women (despite 
the reports from Anglo-Saxon countries), the use of 
cannabis, a greater influence of friends and the use of 
electronic cigarettes. Conversely, living with parents 
produced a protective factor (Table 2). In another Italian 
study based on the CAGE questionnaire or Alcohol Use 
Disorders Identification Test showed that 19.5% of the 
1520 patients who attended an emergency service 
during the five months of the study had problems with 
alcoholism; the most frequent attendees were young 
males (18-20 years of age), divorced or single patients, 
and unemployed, homeless or immigrant patients[43]. 
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Table 1  Prevalence of binge drinking

Ref. Prevalence

Galán et al[41] 13.35%
Slutske et al[150] 19.50%
Bartoli et al[42] 37.85%
Delegación del Gobierno para el Plan Nacional sobre 
Drogas[40]

     18%

CDC[44] 17.10%
Grucza et al[45]      50%
Hanewinkel et al[151] 27.00%
Lee et al[152] 46.30%

Table 2  Factors associated with binge drinking[42]

OR (95%CI)

Female gender   1.57
Living with parents   0.57
High financial availability for each weekend   1.33
Cannabis use   1.61
Smoking e-cigarettes   2.49
Positive alcohol expectancies   1.11
Peer influence 2.4
Interest for discos and parties   1.53
High educational level   3.63
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are current smokers, compared with 22.8% of adults 
aged 26 or older. In a recent study[65], teenagers who 
attend bars and discos showed a higher rate of tobacco 
consumption; this consumption was highly associated 
with the intake of alcoholic beverages.

TOXICITY OF ALCOHOL
The factors that affect the susceptibility to alcohol toxicity 
include genetics, gender, lifestyle/nutrition, exposure to 
environmental chemicals and drugs, and comorbidities. 
Toxic and other adverse effects of alcohol on organs and 
tissues in humans are a consequence of its metabolism 
to acetaldehyde, the associated formation of reactive 
oxygen and nitrogen species, the depletion of co-factors
(e.g., NAD+), and the impairment in energy homeo
stasis[66]. Due to the considerable redundancy in the 
oxidative enzymatic pathways (alcohol dehydrogen
ases, CYP2E1 and catalase) that can convert alcohol 
to acetaldehyde, the majority of tissues are capable of 
alcohol metabolism even though the liver is the primary
site. Similarly, acetaldehyde dehydrogenases are ubi
quitous in mitochondria. A minor and non-oxidative 
pathway of alcohol metabolism is via fatty acid ethyl ester 
(via fatty acid ethyl ester synthase) and phosphatidyl 
ethanol (via phospholipase D). Alcohol impacts the 
integrity of the gastrointestinal mucosal barrier, resulting 
in the translocation of the gut bacteria-derived lipopoly
saccharide (endotoxin) and other molecules to the liver 
via the portal blood flow and the activation of the innate 
immune response. The molecular and cellular sequelae 
of the toxic mediators of alcoholic injury assume many 
forms. Acetaldehyde and oxidants are highly reactive 
molecules that can damage deoxyribonucleic acid (DNA), 
proteins and lipids. Changes in hepatic respiration and lipid 
metabolism can cause tissue hypoxia and impairment in 
the mitochondrial function. Secondary effects include the 
disruption of signaling pathways and ion channel function, 
the unfolded-protein response and oxidative stress as 
well as the activation of adaptive immune response that 
is significantly triggered by acetaldehyde protein adducts. 
Cell death triggers additional innate immune response, 
activation of fibrogenesis, and tissue repair. In addition to 
pro-inflammatory mediators, other signaling molecules, 
such as neurotransmitters, are affected by alcohol. 
Depending on the affected tissue, gross pathological 
changes that are associated with alcohol drinking include 
most or all of the following conditions: Fat accumulation 
(steatosis), inflammation, necrosis and fibrosis and 
functional deterioration[67]. Alcohol via acetaldehyde also 
favors carcinogenesis and has been considered to be a 
class 1 carcinogen by the WHO[68].

CONSEQUENCES
Compared with nonbinge drinkers, frequent binge 
drinkers were more likely to report fair or poor health and 
experience a greater number of sick days. These findings 
appear to reflect the generally negative consequences 

In the United States, approximately 38 million adults 
binge drink, according to a 2010 survey by the Centers 
for Disease Control. The total prevalence of binge 
drinking among adults in the 48 states and the District 
of Columbia was 17.1%[44]. Epidemiological studies have 
identified that binge drinking is prevalent on college 
campuses; some studies indicate that approximately 
50% of students reported binge drinking in recent 
weeks[45]. A recent study noted that approximately 
500000 college students are injured and 1700 college 
students die each year from alcohol-related injuries[46].

Binge drinkers have a greater risk for developing 
alcohol dependence[47]. In addition, binge drinking has 
been associated with unplanned and unsafe sexual activity, 
assaults, falls, injuries, criminal violations, automobile 
crashes, and total poor neuropsychological functioning[48]. 
Each year, two thousand homicides are registered in 
Europe due to excessive alcohol consumption.

The importance of this problem translates to high 
healthcare costs. In the United States, the estimated 
annual expenditure for binge drinking is 168 billion 
dollars[44]. The estimated cost of binge drinking for the 
English Public Health System was £1.7 billion in 2003, 
which reflects the physical and psychological health 
problems that are associated with this type of excessive 
drinking[49].

ALCOHOL AND TOBACCO 
Similar to alcohol, tobacco is considered to be a major 
cause of morbidity and mortality[50,51]. Tobacco has been 
directly responsible for 100 million deaths in the XX 
century[50,51]. Cigarette smoking is strongly associated 
with alcohol consumption[52-58]. Conversely, drinkers, 
especially binge drinkers, are more likely to smoke 
than nondrinkers[52,55]. This tobacco-alcohol relationship 
involves the pleasure-reward dopamine brain systems, 
as evidenced in murine models. In a recent study of 
mice, the rodents that were exposed to nicotine tended 
to ingest alcohol more frequently than rodents that 
were not administered nicotine due to a reduction in the 
dopamine response of the reward-response system in 
the brain, which decreased the pleasurable response to 
alcohol[59]. 

Young adults perceive an increased enjoyment of 
and desire for cigarettes while drinking alcohol[53,60], 
which may explain why smokers smoke more cigarettes 
while under the influence of alcohol[53,61-63], especially 
during binge drinking episodes[53,61]. If the frequency of 
alcohol consumption, binge drinking and being a smoker 
are associated, we are experiencing a global health issue 
with an early beginning in adolescence because both 
substances synergically increase the future risk to a level 
that exceeds the usual risk for liver, cardiovascular and 
neoplastic diseases posed by the individual use of either 
of these substances[64]. Young adults smoke cigarettes 
at rates that are higher than any other age group. 
According to the 2010 National Survey on Drug Use and 
Health survey, 34.2% of young adults aged 18 to 26 
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of alcohol abuse but at an earlier stage in poor health 
development[69]. Binge drinking is associated with the 
deterioration of work performance, brain damage, 
alcohol dependence, stroke, heart rhythm disturbances, 
coronary disease, sexually transmitted diseases and 
premature death[35]. Table 3 summarized the organic 
effects of binge drinking on different organs and systems. 

Effect on the liver
The epidemiological evidence demonstrates that binge 
drinking in chronic alcoholics augments liver injury[70]. A 
recent study showed that frequent consumers (5-7 d/wk) 
have a higher mortality rate compared with persons with 
lower rates of consumption (1-4 d/wk)[71]. A heavy binge 
drinking episode in patients who chronically consume 
alcohol is the most common trigger for the admission of 
patients with steatohepatitis[72]. A study of a large cohort 
of drinkers with consecutive biopsies suggested the 
concept of multiple hits of alcoholic hepatitis in the same 
patients as the prime determinant in the progression of 
alcoholic liver injury[73]. Mathews et al[74] have recently 
developed a chronic plus binge alcohol feeding model 
in mice, which is similar to the drinking patterns of 
many alcoholic hepatitis patients: A history of chronic 
drinking and recent excessive alcohol consumption have 
begun to identify novel mechanisms that participate in 
the pathogenesis of alcoholic liver injury. Chronic binge 
ethanol feeding induces higher levels of steatosis, serum 
alanine transaminase, and liver inflammation[74]. Binge 
alcohol consumption aggravates oxidative stress and 
promotes the pathogenesis of nonalcoholic steatohepatitis 
from obesity-induced simple steatosis. Alcohol and high 
fat diets synergistically induce nitrosative, endoplasmic 
reticulum, and mitochondrial stress and an up-regula
tion of hepatic toll-like receptor 4 (TLR4), thereby 
contributing to steatohepatitis[75,76]. Additionally, high 
fat diet plus binge ethanol synergistically exacerbates 
acute steatohepatitis through the induction of CXCL1 
and subsequent hepatic neutrophil infiltration[77]. Mode
rate ethanol binges induce significant liver damage 

(hepatocyte apoptosis) in genetically obese (ob/ob) mice 
by increasing tumor necrosis factor α and decreasing 
nuclear factor κΒ activity[78]. Individuals with fatty liver 
are predisposed to increased liver injury by chronic binge 
alcohol drinking. This finding has been proven in studies 
involving rats, where repeated alcohol binges in the 
context of mild steatosis may promote the activation of 
stellate cells and contribute to liver injury[79].

Despite these findings, note that the majority of 
experimental data concerning the impact of binge 
drinking on the pathogenesis of a liver injury may not 
be completely extrapolated to humans because the 
majority of the studies are based on animal models 
that do not completely mimic liver injury in humans. 
Note that ethanol sensitivity in human, rat, mice, and 
other animal models (e.g., drosophila, zebrafish) can 
also vary due to differences in populations, species, and 
strains. In animal models, several approaches have 
been considered to examine the effect of binge ethanol, 
including the single binge, the intermittent repeat binge, 
and chronic ethanol exposure followed by episodes of 
binging. Evidence from these animal studies provide 
mechanistic information on the binge ethanol effect 
relevant to alcoholic liver disease. For example, the 
cellular effects of ethanol are increasingly attributed to 
the modulation of immunological, metabolic, signaling, 
and epigenetic pathways[80-82]. Binge alcohol alters the 
levels of several cellular components and dramatically 
amplifies liver injury in chronically alcohol exposed liver. 
Evidence exists that acute alcohol exposure inhibits 
hepatic mitochondrial DNA synthesis and also impairs 
mitochondrial metabolism and dynamics. Alcohol into
xication inhibits the inflammatory response by inhibiting 
signaling through TLRs when a potent external TLR 
stimulus is provided during alcohol intoxication[83]. As 
previously reported, binge drinking promotes the activa
tion of stellate cells and contributes to liver injury via a 
pro-fibrogenic response[79].

Other factors involved in the toxicity of alcohol to the 
liver are obesity, resistance to insulin, chronic infection 
with hepatitis C virus, being female, and tobacco con
sumption[84]. A priori, tobacco appeared to have a minor 
role in fibrosis and chronic liver disease; however, addi
tional studies have suggested its deleterious role in the 
course of chronic liver disease. Tobacco and alcohol may 
have a synergic and deleterious impact on chronic liver 
disease[85]. Tobacco may accelerate the progression to 
cirrhosis in patients with alcoholic chronic liver disease 
and increase liver decompensations in individuals with 
established cirrhosis[86]. Approximately 90% of the 
patients with advanced alcoholic chronic liver disease are 
smokers[87]. Tobacco seems to be involved in the risk of 
developing hepatocarcinoma[88] by increasing aflatoxin 
B1, which is a known hepatic carcinogen[89].

The mechanisms by which smoking promotes the 
progression of chronic diseases are substantially un
known. Smoking may accelerate the progression of 
“fibrogenic” conditions, such as chronic renal, cardiac 
or pancreatic diseases[90,91]. Cigarette smoke induces an 

Table 3  Summary of the organic effects of alcohol-binge 
drinking

Hepatic Neurocognitive Renal
   Steatosis Impaired verbal memory Glomerulonephritis
   Steatohepatitis Impaired episodic memory Acute nephropathy
   Fibrosis Deficits language and 

attentional tasks
Kidney graft failure

   Cirrhosis Prospective memory
   Hepatocellular 
   carcinoma

Executive functions

Oncogenic Cardiovascular Others
   Oral cavity Hypertension Acute pancreatitis
   Pharynx Ischemic heart disease Chronic pancreatitis
   Larynx Stroke Major depression
   Esophagus Cardiomyopathy Impaired fertility
   Colorectum Myocarditis Premature and low 

weigh births
   Breast Arrhythmias Fetal alcohol syndrome
   Pancreas Atherosclerosis
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array of pathogenic effects that are potentially involved 
in tissue fibrogenesis, including systemic inflammation, 
thrombogenesis and oxidative stress[92]. Smoking exerts 
powerful immunoregulatory actions that can produce an 
impaired wound healing response to injury. These effects 
may be more pronounced in susceptible individuals as 
suggested by genetic epidemiological studies[93]. The 
strongest evidence to support a fibrogenic effect of 
smoking is the fact that smoking cessation has beneficial 
effects on the progression of chronic renal diseases[94,95].

Smoking increases the production of pro-inflam­
matory cytokines (interleukin 1, 6 and 13) and tumor 
necrosis factor α, angiogenic factors (vascular endothelial
growth factor-A) and fibrogenic mediators (leptin, 
transforming growth factor β1 and angiotensin Ⅱ) also 
induces oxidative stress by stimulating nicotinamide 
adenine dinucleotide phosphate oxidase and decreasing 
antioxidant defenses, which cause lipid peroxidation[92]. 
These effects can cause an increase in hepatocellular 
damage and the subsequent activation of resident 
hepatic stellate cells, which comprise a major fibrogenic
cell type. Another potential mechanism by which smok
ing causes liver fibrogenesis may be iron deposition. 
Smoking also induces profound changes in the micro­
vasculature, such as endothelial dysfunction, smooth 
muscle cell proliferation and vasoconstriction, which 
cause impaired delivery of nitric oxide and tissue 
hypoxia[96]. These events are potentially implicated in 
the wound healing response of the liver to chronic injury. 
Heavy smokers commonly exhibit several features of the 
insulin resistance syndrome and develop an increased 
risk for type 2 diabetes[97]. Because insulin resistance 
promotes liver fibrogenesis, it can participate in the 
fibrogenic effect of tobacco in the liver. Therefore, we 
can conclude that the interaction between alcohol and 
tobacco synergistically elevates the disease risk to a level 
above the risk posed by the individual use of either of 
these substances[64].

Oncogenic effects
Alcoholic beverages and ethanol in alcoholic beverages 
are classified by the WHO International Agency for 
Research on Cancer as “carcinogenic to humans” (group 
1)[68]. Probable mechanisms for the association between 
alcohol drinking and upper digestive tract cancer have 
been presented in several studies[98,99]. The carcinogen of 
esophageal cancer, with regard to alcohol consumption, 
is acetaldehyde[100,101], which is a highly reactive and 
toxic alcohol metabolite. Acetaldehyde interferes with 
DNA repair machinery and directly inhibits O6 methyl-
guanyltransferase, which is an enzyme that is deemed 
important for the repair[102]. The inhalation of acetal­
dehyde has been known to cause bronchial cancer and 
esophageal cancer. Several studies have reported the 
hazards of binge drinking using experiments. After in 
vivo administration of ethanol in the stomach of rats, 
which is analogous to the binge drinking condition, 
histone H3 modification, which primarily affects histone 
methylation in the liver, lung and spleen, was detected in 

the histone of rat tissues[103]. A study in a South Korean 
population that included 2677 men of 55 years of age, 
with a follow-up of 20.8 years, associated severe binge 
drinking and its frequency with mortality due to oral and 
esophageal cancer. A higher mortality was observed in 
these cancers for patients with a daily binge drinking 
habit compared with nondrinkers. The alcohol dose and 
mortality due to esophageal cancer and the mortality 
and the frequency of alcohol consumption are highly 
associated, whereas the volume of consumed alcohol is 
not highly associated. Note that tobacco consumption 
was an important confounding factor in this study[104]. 
Binge alcohol consumption seems to be a risk factor for 
pancreatic cancer. After adjusting for sex and age in a 
case-control population study[105] in San Francisco (United 
States) with 532 cases and 1701 controls, the risk of 
pancreatic cancer was determined to be higher in binge 
drinking patients when a higher amount of units were 
consumed and a longer consumption had occurred. This 
finding supports the notion that a high consumption 
of alcohol, including binge drinking, is a risk factor for 
the development of pancreatic cancer. Alcohol is also 
involved in the development of a hepatocarcinoma. 
Acetaldehyde, a reactive metabolite of ethanol, binds 
to nucleic acids, proteins such as enzymes, microsomal 
proteins and microtubules. The generated reactive 
oxygen species can also activate or repress the epigene
tic elements such as chromatin remodeling, non-coding 
RNAs (micro-RNAs), DNA (de) methylation and histone 
modification that affect gene expression, hence leading 
to hepatocarcinoma[106].

We should consider that smoking is a known risk 
factor for upper digestive tract cancer, including oral 
cavity, pharynx and esophagus cancers. Therefore, the 
interaction of alcohol and tobacco synergistically elevates 
the disease risk to a level above the risk posed by the 
individual use of either of these substances.

Neurocognitive effects
The consequences on the memory of alcoholic beverage
binge drinking have been explored in animal models. The 
results show that binge doses of alcohol cause a disrup­
tion in the growth of new brain cells; this lack of new 
growth may cause the long-term deficits detected in key 
areas of the brain (such as hippocampal structure and 
function) that are induced by binge drinking[107,108]. The 
increasing interest in performing studies to analyze the 
neurotoxic effect of alcohol due to the increased practice 
of binge drinking in adolescence is not surprising. A “safe” 
alcohol dose for the developing brain of an adolescent 
is unknown. The prefrontal cortex and limbic system, 
which includes the hippocampus, undergoes prominent 
reorganization during the late teenage years[109,110]; 
these cognitive processes, which are dependent on 
these areas of the brain, such as memorial processes, 
are very sensitive to any damage caused by excessive 
alcohol ingestion. Different studies have reported poorer 
performance in neurocognitive tests with the worst 
verbal memory and poorer episodic memory[111]. Binge 
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drinking affects the executive functions and the working 
memory from the Brodmann areas 46 and 9 of the 
dorsomedial prefrontal cortex. Studies of neurocognitive 
function in teenagers aged 15-19 years with a history 
of alcohol abuse have revealed deficits for a range 
of language and attentional tasks, verbal and non-
verbal memory tasks, and specific working memory 
impairments[112,113]. Compared with nonalcohol drinkers, 
binge drinkers evinced cognitive impairments in the 
Paced Auditory Serial Addition Test regarding executive 
planning function and episodic memory tasks-these 
findings were similar to frontal function deficits observed 
in Korsakoff alcoholics[105]. Using magnetic resonance, 
several studies[114] have correlated binge drinking in post-
adolescence and early adulthood with brain structural 
alterations. These results showed a greater decrease 
in the gray matter of the dorsomedial prefrontal cortex 
in binge drinking subjects compared with the control 
subjects. A positive correlation between the increased 
gray matter in binge drinkers and the results from the 
Self-Ordered Pointing Test (SOPT), which is an error test, 
was observed[109]. The measure of the prefrontal cortex 
was also correlated with the volume and the rate of 
alcohol intake[109]. 

A Spanish cohort study[115] evaluated the binge 
drinking habits of 89 university students with a two-
year follow-up. The neuropsychological performance was 
measured using several scales; binge drinkers yielded 
the worst scores in the Wechsler Memory Scale-Ⅲ and 
the SOPT and demonstrated a worse verbal memory 
compared with nonbinge drinkers. Another study, with a 
longer follow-up of ten years, of adolescents with abusive 
alcohol consumption revealed that verbal memory 
deteriorated with time for adolescents who presented the 
habit to a young adult age[116]. At a neuropsychological 
level, binge drinking subjects show deficiencies in the 
assessment tests for the frontal executing functions of 
attention, planning, cognitive flexibility, work memory, 
decision-making, verbal fluency, decision-changing and 
inhibitory control tasks[117].

Regarding the effect of prospective memory, a 
study[118] showed similar results on the Prospective and 
Retrospective Memory Questionnaire test for binge 
drinkers and nonbinge drinkers. These findings contrast 
with another study by the same author[119]. A higher 
number of short- and long-term prospective memory 
lapses were observed in this group. This study excluded 
consumers of other substances and lacked the control 
of the age, type of alcohol consumption, hours after the 
last intake or period of consumption. However, a lower 
score in the prospective remembering video procedure 
(PRVP) was observed in binge drinkers, which revealed 
differences when consumers of other substances and 
consumers who had drank alcohol in the last 48 h were 
excluded. Nonsignificant differences were observed 
between the groups regarding age, anxiety or depression 
levels, and years of alcohol consumption. Subjects with 
a higher intake of alcohol units per week demonstrated 
lower results in the PRVP test. 

Effect on the cardiovascular system
Approximately 10% of cardiovascular disease-related 
deaths are attributable to alcohol[120]. The probability 
of coronary heart disease and cardiovascular mortality 
increases with heavy consumption[121]. Studies suggest 
that a binge pattern of drinking may precipitate myo
cardial ischemia or infarction[122], and evidence of an 
association between binge alcohol consumption and 
a two-fold greater mortality after acute myocardial 
infarction also exists[123]. In addition to the volume of 
consumption, the pattern of drinking must be considered. 
Recently, Liu et al[124] demonstrated that binge patterns 
in mice increase the development of atherosclerosis 
compared with no alcohol controls. The results from 
retrospective studies of adults who range in age between 
40 and 60 years have indicated that binge drinking 
is associated with a heightened risk of cardiovascular 
(CV) events, such as stroke, sudden death, myocardial 
infarction, and increased mortality after myocardial 
infarction[123,125-127]. In addition, an alcohol binge drinking 
pattern is associated with the progression of carotid 
atherosclerosis[128]. Endothelial dysfunction is an early 
indicator of blood vessel damage and atherosclerosis and 
a strong prognostic factor for future CV events[129-131]. In 
binge drinkers, cardioprotective changes in high density 
lipoproteins are not observed, and adverse changes in 
low-density lipoproteins are acquired. Binge drinking 
seems capable of predisposing the heart to arrhythmia 
by reducing the threshold for ventricular fibrillation and 
by causing scarring of the myocardium. The myocardium 
may be especially sensitive during withdrawal, as will 
occur after weekend binges. In addition, irregular 
drinking is associated with an increased risk of throm­
bosis, which is most likely to occur after heavy drinking 
stops. These physiological mechanisms may explain 
the observed increase in cardiovascular events during 
the weekend and on Mondays. In countries with known 
weekend binge drinking, the Monday peak is pronounced 
and is accompanied by slight increases in mortality on 
Saturdays and Sundays. This finding has been observed 
in countries of the former Soviet Union and in Sco­
tland[132-134]. Chenet et al[135] hypothesize that alcohol, 
particularly when drunk in binges, serves as a catalyst 
in acute ischemic heart diseases by being synergetic to 
other triggering factors.

In an experimental animal model in which binge 
alcohol was administered after chronic alcohol treatment, 
binges caused a decrease in the messenger ribonucleic 
acid (mRNA) of low-density lipoprotein-receptor (LDL-R) 
and increased mRNA levels of the angiotensinogen gene 
in the liver. Binge ethanol intake in chronically exposed 
rat liver decreased LDL-R and increased angiotensinogen 
gene expression[136]. Note that increases in plasma 
LDL cholesterol and angiotensin are cardiovascular risk 
factors in human alcoholics. In a recent study performed 
in ApoE KO mice, the arterial lumen was reduced and 
the deposits of macrophages were more evident, 
which confirms the aterogenic capacity of alcohol binge 
drinking[124]. These results imply that binge alcohol-
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induced alterations in liver have consequences on the 
cardiovascular system. Thus, binge drinking affects 
interorgan cross-talk. This finding is further supported 
by increases in the plasminogen activator inhibitor 
(PAI). PAI-1 serves a major role in fibrin metabolism 
by blocking fibrinolysis. The role of PAI-1 in fibrin accu
mulation in vascular disease is well understood to 
contribute to endothelial dysfunction and inflammation.

Thus, these findings provide strong evidence to 
support a health message that discourages binge 
drinking. The provision to healthcare professionals of 
scientific evidence that binge drinking can accelerate 
atherosclerosis may encourage them to perform brief inter
ventions for individuals with at-risk drinking behaviors.

Other effects
The effect of alcohol on other organs and systems varies. 
Binge drinking is one of the main causes of pancreatitis[137] 
and is involved in a higher mortality from a duodenal 
ulcer[138]. It is also the cause of neuropsychiatric condi
tions, such as depression[139]. In the kidney[140], binge 
drinking has been correlated with glomerulonephritis, 
acute nephropathies, and the loss of kidney transplants. It 
is the cause of fertility disorders, prematurity, low weight 
and newborn alcoholic syndrome[141]. 

APPROACHING THE PROBLEM
Numerous social and political interventions are available 
to decrease this type of consumption, such as laws 
against driving under the effect of alcohol, increased 
taxes, restriction of access and availability of alcohol, 
and brief interventions, such as medical advice and 
control via publicity.

Our main weapon against this problem is primary 
prevention, which is difficult to develop due to established 
alcohol consumption among different cultures, which is 
primarily associated with social events. In this manner, 
the WHO has developed a strategic plan to approach the 
harmful consumption of alcohol, based on preventive 
interventions[142,143] with the help of health services, to 
reduce access to alcoholic beverages and prohibit its 
marketing and by increasing prices. 

A substantial amount of evidence across different 
countries to support making alcohol more expensive, 
primarily via taxation, and to reduces the extensive range 
of harm due to intoxication and binge drinking, including 
road traffic accidents and fatalities, intentional and 
unintentional injuries, rapes and robberies, homicides, 
crime, and violence[144]. Another issue in this plan is the 
marketing control of the illicit production of beverages 
with regulation systems. 

Similarly, a substantial amount of evidence to 
support raising the minimum purchasing age to reduce 
alcohol-related road traffic accidents and to reduce 
the density of alcohol outlets to reduce drunkenness, 
assaults, and road traffic fatalities. However, these 
strategies will only be effective if it is not backed up 

with a credible threat to remove the licenses of outlets 
that repeatedly sell to under-aged customers. These 
strategies are also more effective when supported by 
community-based prevention programs. Some of these 
measures are effective in decreasing the damage caused 
by alcohol but are also cost-effective from a revenue 
point of view due to increases in the price and taxes of 
alcoholic beverages[143,145].

Preliminary data support the intriguing possibility 
that integrated intervention may enhance smoking 
cessation and reduce binge drinking[146].

Decreased smoking and improved maintenance of 
abstinence may result from a behavioral intervention 
to reduce binge drinking. This hypothesis is supported 
by several lines of evidence, including conditioning 
mechanisms in which the craving to smoke is elicited by 
higher levels of alcohol consumption[147,148], and environ
mental factors, such as parental and peer influence for 
concurrent use of cigarettes while engaging in binge 
drinking[149].

Smoke-free bar policies may not be sufficient 
to influence the association between smoking and 
drinking, particularly if tobacco marketing continues 
in these venues or in the absence of programs that 
specifically address the co-use of tobacco and alcohol. 
Tobacco interventions should prioritize bars and other 
social venues that are popular among young adults to 
reach persons who are at greatest risk. The strong and 
consistent association between smoking and drinking 
indicates that public health efforts and clinical cessation 
programs need to address the paired use of tobacco and 
alcohol among the young adult bar-going population.

CONCLUSION
Binge drinking is an increasing public health issue 
that affects teenagers and young adults. Although its 
consequences are not well known, relevant hepatic, 
cardiovascular, neurocognitive and oncogenic effects 
may be present. Binge drinking also has a significant 
social and economic impact. Interventions should be 
globally approached to address the consumption of 
alcohol and tobacco.
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Abstract
Inflammatory bowel disease (IBD) is composed of 
Crohn’s disease and ulcerative colitis and is manifested 
by both bowel-related and extraintestinal manifestations. 
Recently the number of therapeutic options available 
to treat IBD has dramatically increased, with each new 
medication having its own mechanism of action and 
side effect profile. A complete understanding of the 
hepatotoxicity of these medications is important in order 
to distinguish these complications from the hepatic 
manifestations of IBD. This review seeks to evaluate the 
hepatobiliary complications of non-steroid based IBD 
medications and aide providers in the recognition and 
management of these side-effects.
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Core tip: Recently the number of medical therapies 
for inflammatory bowel disease (IBD) has greatly 
increased. Each medication has its own mechanism 
of action and side effect profile. This review article 
discusses the hepatic side effects of medications used 
to treat IBD enabling physicians to better recognize and 
manage these complications.
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Hepatic manifestations of non-steroidal inflammatory 
bowel disease therapy



INTRODUCTION
Inflammatory bowel disease (IBD) is primarily composed 
of Crohn’s disease (CD) and ulcerative colitis (UC). The 
North American incidence is 19.2 cases per 100000 
person years and 20.2 cases per 100000 person years 
for UC and CD, respectively[1]. Through a combination 
of genetic and environmental factors, IBD appears to 
be caused by an inappropriate and overactive response 
of the body’s immune system directed primarily at 
the gastrointestinal tract. Though most disease mani­
festations are bowel-related, multiple extraintestinal 
manifestations including dermatologic (pyoderma gan­
grenosum, erythema nodosum), ophthalmic (uveitis 
and episcleritis), joint (large and small joint arthritis 
and sacroiliitis) as well hepatobiliary complications may 
occur. Additionally, biliary and hepatic manifestations are 
common, with up to 29% of IBD patients developing 
abnormal liver tests[2].  

Recently the number of therapeutic options available
to treat IBD has increased dramatically. Current guide­
lines emphasize a move away from short term corti­
costeroid based treatment and towards IBD targeted 
medications proven to either induce and/or maintain 
clinical remission. Each new class of medication has 
its own mechanism of action and side effect profile. 
While multiple reviews have evaluated the hepatobiliary 
manifestations of IBD, few have focused in detail on the 
hepatic side effects of these medications. A complete 
understanding of the prevalence, characteristics and 
management of the hepatoxicity of these medications 
is important to distinguish these effects from IBD 
itself, limit their toxicity and maximize their therapeutic 
benefit. This review evaluates the hepatobiliary com­
plications, mainly drug induced liver injury (DILI), of 
currently available non-steroid based IBD therapies. 

SULFASALAZINE AND 
5-AMINOSALICYLATES
Sulfasalazine is a pro-drug composed of 5-aminosalicylic 
acid (5-ASA) linked to sulfapyridine by an azo bond, 
and has been used in the treatment of IBD for over 70 
years[3]. The primary efficacy of sulfasalazine in IBD 
is through the 5-ASA moiety and although the exact 
mechanism of action is not known, 5-ASA has been 
shown to have an array of anti-inflammatory properties 
including effects on reactive oxygen species, nuclear 
factor kappa B, and cytokines[4-6]. Though mainly de­
monstrating benefit for UC, it is commonly used for CD.
Common side effects include headache, nausea, dyspe­
psia, or allergic reactions, and are generally attributed 
to the sulfa component. The overall incidence of liver 
toxicity has been estimated to be between 0.4%-2.9%, 
depending upon the study group and underlying dise­
ase[7,8]. Though most liver test abnormalities are minor 
and reversible with drug discontinuation, previous studies 
have described severe hepatotoxicity to sulfasalazine 

due to a systemic hypersensitivity reaction characterized 
by high fevers, generalized lymphadenopathy, a macu­
lopapular rash, elevated liver enzymes, eosinophilia and 
immune complexes[9]. Granulomatous hepatitis has been 
described in patients on sulfasalazine presenting with 
an elevated alkaline phosphatase and bilirubin along 
with the presence of granulomas on liver biopsy. This 
has been described in patients without CD and appears 
to be medication rather than disease related[10-12]. 
Also reported are rare cases of fatal fulminant hepatic 
necrosis from drug rash with eosinophilia and systemic 
symptoms, a devastating complication with an estimated 
mortality of 10% if not appropriately diagnosed and 
treated with high dose corticosteroids[13-20]. 

Due to adverse effects of the sulfapyridine moiety, 
5-ASA formulations without sulfa, the mesalamine 
derivatives, were developed in the 1970s, and are now 
more widely used than sulfasalazine. A systematic 
review of the short-term adverse effects of mesalamine 
show that this class of medication is generally well 
tolerated, with rates of adverse events similar to placebo 
controls[21]. The most common side effects associated 
with mesalamine include flatulence, nausea, headache, 
dyspepsia, and diarrhea. Despite the absence of the sulfa 
moiety and limited systemic absorption of mesalamine, a 
randomized trial comparing mesalamine to sulfasalazine 
showed rates of DILI to be similar between the two 
medications, with 2.6% of patients taking mesalamine 
experiencing liver injury[8]. One case report described 
possible drug-induced autoimmune hepatitis in a patient 
with CD treated with mesalamine. This patient deve­
loped chronic hepatitis with evidence of fibrosis on liver 
biopsy, as well as an elevated anti-nuclear antibody 
and anti-smooth muscle antibody, which resolved with 
discontinuation of the medication[22]. Other case reports 
have linked mesalamine to systemic hypersensitivity 
reactions similar to sulfasalazine as well as to the develop­
ment of hepatocellular cholestasis[23,24]. 

When signs of liver injury develop secondary to sulfa­
salazine or mesalamine, the dosage should be decreased 
or the medication stopped completely depending upon 
the severity of the liver test elevation and the patient’s 
condition. While no formal guidelines exist specifically for 
sulfasalazine or mesalamine, cases suspicious for DILI 
should be evaluated and managed according to currently 
accepted guidelines[25].  

AZATHIOPRINE AND 
6-MERCAPTOPURINE
The thiopurine immunomodulators azathioprine (AZA) 
and its principle metabolite, 6-mercaptopurine (6-MP), 
have shown efficacy in the maintenance of steroid 
induced remission for both CD and UC[26]. AZA is con­
verted to its active metabolite 6-MP through non-
enzymatic reactions by compounds such as glutathione. 
Intracellular metabolism of 6-MP is dictated by the activity 
of several enzymatic pathways resulting in both the 
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therapeutically active metabolite 6-thioguanine (6-TG), 
which is associated with myelosuppression, as well as the 
non-therapeutic metabolites 6-methylmercaptopurine 
(6-MMP) and 6-methylmercaptopurine ribonucleotide 
(6-MMPR) which have been associated with hepatotoxicity 
(Figure 1)[27].

AZA and 6-MP have been shown to result in both 
a hepatocellular and cholestatic hepatitis, with a 
number of studies evaluating the incidence of liver 
test abnormalities occurring in IBD patients treated 
with these medications. A large study of 3931 patients 
from the prospective Spanish nationwide database 
found that 4% of patients on thiopurines developed 
hepatotoxicity[28]. Another study that followed 786 
patients with IBD, of whom 138 received either AZA 
or 6-MP, found that 7.1% of those treated per patient 
year developed elevated liver tests that were 1-2 
times the upper limit of normal. Approximately 2.6% 
of those treated per patient year developed liver tests 
greater than twice the upper limit of normal[29]. A large 
systematic review of 3485 patients from 2007 evaluating 
the incidence of liver injury in patients with IBD exposed 
to AZA or 6-MP showed an overall prevalence of abnormal 
liver tests of 3.3%. When follow-up time was included, 
2992 patients received treatment during a total of 6952 
years of follow-up, with the average rate of drug-induced 
liver test elevation being 1.4% per patient year. These 
liver test abnormalities were generally noted to occur 
within the first few months of drug initiation[30].

The primary hepatic manifestations include hyper­
sensitivity reactions, cholestasis, peliosis hepatitis, Disse 
space fibrosis, veno-occlusive disease and nodular 
regenerative hyperplasia (NRH)[31]. In hypersensitivity 
syndromes, symptoms usually develop within 2-3 
wk of initiation with an elevated bilirubin and alkaline 
phosphatase, as well as with moderate elevations of 
aminotransferases. At the histologic level, parenchymal 
cell necrosis is noted[30,31]. NRH, peliosis hepatitis, 
fibrosis, and veno-occlusive disease have been shown 
to be dose-dependent injuries and likely secondary 
to damage to the endothelial cells lining the sinusoids 
and terminal hepatic venules[30,32]. This is often noted 
between 3 mo and 3 years of initiating treatment[30]. 

Thiopurine methyltransferase (TPMT) activity plays an 
important role in determining AZA and 6-MP metabolism 

and the development of side effects. Approximately 
0.3% of the population has low or absent activity, 11% 
of the population has intermediate activity as they are 
heterozygote’s, and 89% of the population possess the 
wild type with normal activity[33]. In general, 6-TG levels 
greater than 230-260 pmol/8 × 108 erythrocytes are 
associated with clinical efficacy, while levels over 450 
pmol/8 × 108 erythrocytes are associated with bone 
marrow toxicity. Though high levels of 6-TG can also 
result in liver damage, particularly the development of 
NRH, most liver toxicity is believed to be related to 6-MMP 
and 6-MMPR, particularly at levels over 5700 pmol/8 × 
108 erythrocytes[27,30,34]. 

Though no commercial testing is available for high 
TPMT activity, this appears to occur in up to 15% of the 
population with a preferential formation of the hepato­
toxic 6-MMP and 6-MMPR metabolites[35]. Despite this 
association, routine monitoring for 6-MMP and 6-MMPR 
is not widely recommended. In patients who develop 
abnormal liver tests associated with the overproduction 
of 6-MMP and 6-MMPR the thiopurine may be stopped, 
the dose reduced or allopurinol may be used to inhibit 
xanthine oxidase. While an examination of the metabolic 
pathways involved would suggest this approach to result 
in an increase of both 6-TG and 6-MMP/6-MMPR levels, 
in fact, the effect is one of preferentially increased 6-TG 
over 6-MMP/6-MMPR. Typically AZA or 6-MP dosing 
is cut to one third or half the prior dose when used in 
conjunction with allopurinol, and the patient’s blood work 
monitored closely.  

As no formal guidelines exist, and most cases of liver 
toxicity occur within the first few months of therapy, we 
recommend following the protocol outlined by the United 
States Food and Drug Administration (FDA) (http://
www.accessdata.fda.gov/drugsatfda_docs/label/2014/
205919s000lbl.pdf), which suggests checking serum 
transaminase levels, alkaline phosphatase, and bilirubin 
levels weekly for the first month[30]. Following this initial 
therapy we agree with repeat testing monthly for the 
next 3 mo, then every three months thereafter, following 
along with the currently recommended monitoring 
of white blood cell counts. This sequence should be 
repeated with any dose increase. It is common for 
patients to have a slight elevation of liver enzymes with 
normalization on repeat testing. However, if elevations 

2718 November 28, 2015|Volume 7|Issue 27|WJH|www.wjgnet.com

6-thiouric acid

XO

6-MP
HPRT

TPMT

6-MMP

6-thioinosine
5'-monophosphate

TPMT

6-MMPR

IMPDH 6-thioxanthosine
5'-monophosphate

GMPS MPK6-thioguanosine
5'-monophosphate

6-thioguanosine
5'-diphosphate

DPK 6-thioguanosine
5'-triphosphate

6-thioguanine nucleotides

Figure 1  Azathioprine/6-mercaptopurine metabolism. Azathioprine is converted to 6-MP via nonenzymatic reactions. IMPDH and GMPS generate 
active 6-thioguanine nucleotides. TPMT results in the production of hepatotoxic 6-MMP and 6-MMPR metabolites. 6-MP: 6-mercaptopurine; TPMT: 
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efficacy and toxicity. Gut 1996; 39: 401-406.
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45% experienced a worsening of their liver tests[42]. 
A meta-analysis evaluating 12 studies of 457 children 
with IBD exposed to MTX found that 10.2% of patients 
developed abnormal liver biochemistry with 6.4% of 
patients requiring dose reduction and 4.5% of patients 
requiring discontinuation of the medication[43].  

Beyond elevated liver tests, long term MTX use may 
lead to the development of fibrosis and cirrhosis. The 
histologic feature of methotrexate-induced liver toxicity 
tends to resemble nonalcoholic steatohepatitis[44]. Earlier 
studies reported up to a 50% chance of developing 
fibrosis, though there is concern that this may be an 
overestimation secondary to confounding factors[45-47]. A 
more recent meta-analysis of 15 studies examined the 
relationship between long term low-dose MTX and biopsy 
evidence of liver fibrosis. It showed that patients have a 
6.7% chance of progressing at least one histologic grade 
of fibrosis for every gram of MTX taken and that the 
rate of progression of liver disease was associated with 
the cumulative dose of the medication. In addition, it 
revealed a 5.0% chance of having advanced pathologic 
changes on biopsy[48]. 

In general, measures to prevent or identify hepa­
totoxic effects should be employed prior to chronic use 
and risk factors for the development of hepatoxicity 
identified. These risk factors, created by the American 
Academy of Dermatology, allow for stratification and 
guidance in how aggressive liver enzymes should be 
monitored and whether a patient should be considered 
for liver biopsy[44]. Patients should be ruled out for 
chronic viral infections such as hepatitis B and hepatitis C, 
and educated to avoid hepatotoxic agents. In addition, 
all patients should undergo periodic monitoring of their 
liver tests. While there are no formal recommendations 
for laboratory monitoring by gastrointestinal societies, 
the American College of Rheumatology recommends 
monitoring liver tests every 2-4 wk for the first 3 mo, 
then every 8-12 wk for the next 3 mo. After 6 mo of 
therapy liver tests should be checked every 12 wk[49].  

With regards to liver biopsy, the most recent set 
of American College of Gastroenterology guidelines 
recommend consideration of a biopsy prior to initiation 
of MTX in patients with elevated liver tests at baseline, 
patients with one or more risk factor for hepatotoxicity 
and in patients who are suspected to have chronic liver 
disease[26]. Given the lack of biopsy data in patients 
with CD, current guidelines defer to the American 
Rheumatology Associations guidelines which recommend 
a liver biopsy for patients who develop elevations in 
AST in 5 of 9 blood samples in a 12-mo period, 6 of 12 
samples if performed monthly, or if there is a decrease 
in serum albumin below the normal range[26,50]. The role 
for current noninvasive technologies such as transient 
or MRI elastography, or serum non-invasive markers of 
fibrosis remains unclear.  

ANTI TUMOR NECROSIS FACTOR-ALPHA
Tumor necrosis factor-alpha (TNF-α) is a pro-inflamma­

become persistent or marked, the dose of AZA or 6-MP 
may be reduced in half with continued close monitoring, 
or by finer dose adjustments guided by metabolite 
levels. With normalization, careful resumption of the 
previous dose can be reattempted[30]. In one prospective 
study that evaluated this method, slightly less than half 
of patients were able to resume their previous dosage[36]. 
Patients whose liver tests fail to normalize should have 
the medication discontinued. If severe cholestatic 
jaundice occurs, the medication should be withdrawn 
with continued close monitoring of the liver tests for 
improvement. Patients should consider undergoing liver 
biopsy if liver tests remain persistently elevated after 
medication withdrawal[30].  

METHOTREXATE
Methotrexate (MTX) was discovered in the 1940’s 
and was first used to treat leukemia in 1948. It is a 
structural analogue of folate which competitively inhibits 
the enzyme dihydrofolate reductase and thereby the 
production of the intracellular metabolite folinic acid and 
the synthesis of purines and pyrimidines. Clinically, it 
has demonstrated effectiveness in the treatment of CD 
but not UC[37,38]. Generally, it is given intramuscularly 
at a dose of 25 mg weekly in combination with another 
medication used to induce remission, such as steroids 
or a biologic agent. Once a clinical response is observed, 
patients are switched to subcutaneous or intramuscular 
injections at a dose of 15 mg weekly. Multiple side effects 
have been reported including infections, pneumonitis, 
bone marrow suppression and liver test abnormalities.

There is extensive literature relating to MTX’s effects 
on the liver with significant variability in reports of liver 
tests abnormalities and histologic changes on biopsy. 
While the mechanism resulting in hepatotoxicity is not 
fully understood, it is likely related to MTX induced 
folate deficiency, as supplementation has been shown 
to reduce hepatic adverse events[39,40]. Much of the 
evidence relating to its heptotoxicity comes from its 
use in rheumatoid arthritis and psoriatic arthritis, where 
it has been shown to have a variety of effects on the 
liver ranging from hepatic steatosis to fibrosis. The 
CORRONA database is a large cohort of patients which 
followed 2104 patients with rheumatoid arthritis and 
psoriatic arthritis exposed to methotrexate. Overall, 
approximately 22% of patients exposed to MTX with 
rheumatoid arthritis developed an elevated aspartate 
aminotransferase (AST)/alanine aminotransferase (ALT), 
while 35% of patients with psoriatic arthritis exposed to 
MTX had an AST/ALT > 1 × the upper limit of normal[41]. 

Similar results were found in patients with IBD on 
chronic low dose MTX. A retrospective study evaluating 
87 subjects with a mean duration of therapy of 81 wk 
and an average dose of 1813 mg found that 24% of 
patients developed elevated liver tests. Of these patients, 
44% had underlying risk factors for liver disease. While 
23% of patients in the study had abnormal liver tests at 
baseline, 45% had normalization while on MTX, while 
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tory cytokine that plays a role in the immunopathology of 
IBD[51]. Infliximab (REMICADE®) is a chimeric monoclonal 
anti-TNF-α antibody which was first approved to treat CD 
in 1998 and UC in 2005[52]. Its most common side effects 
are headache, rash and cough, while infusion reactions 
have been seen in 5% of patients[53]. In addition, through 
its immunosuppressive properties, it has been associated 
with an increased risk of infection based on large cohort 
studies[54].  

Infliximab has been associated with several forms 
of DILI. A large, prospective cohort study found that 
6.7% of patients treated with infliximab experienced 
hepatocellular cytolytic injury, with mild elevations 
in AST/ALT > 1 × the upper limit of normal, but dis­
continuation rates were not significant compared to 
those who did not have liver enzyme elevations[55]. In 
another retrospective cohort study, 6% of patients, 
the vast majority who were on low-dose infliximab, 
developed mild idiopathic liver enzyme elevations. In 
up to 50% of these patients, other possible causes 
(medication, alcohol, metabolic, viral) were identified. 
The mean time to ALT elevation was 29 wk, and resolu­
tion occurred after a median of 17 wk in 82% of patients 
despite continuation of therapy[56]. In this study, a 
small subset of patients were found to have positive 
autoimmune markers, and underwent liver biopsies 
which demonstrated features of autoimmune hepatitis, 
requiring cessation of the initial anti-TNF-α treatment.

Although infliximab has been used in several studies 
to treat refractory autoimmune hepatitis, autoimmune 
hepatitis due to infliximab is becoming an increasingly 
recognized form of hepatocellular injury[57-59]. In a review 
of 34 cases of DILI secondary to TNF-α antagonists, 
16/26 patients treated with infliximab had autoimmune 
antibodies or liver biopsies suggestive of autoimmune 
hepatitis, with interface hepatitis, piecemeal necrosis, 
and portal lymphocytic inflammation with plasma cells[60]. 
Patients with autoimmune features had a latency period 
of 16 wk before liver injury was apparent and higher 
peak ALT values. In the reported cases, patients often 
recovered with discontinuation of infliximab and corti­
costeroid therapy.

Cholestatic liver injury has been described in several 
case reports of patients treated with infliximab. Patients 
developed jaundice after infliximab infusions, with 
markedly elevated alkaline phosphatase and bilirubin. 
One patient who underwent liver biopsy demonstrated 
bland cholestasis. Cholestatic liver injury resolved in 
most cases within 6-8 wk with supportive therapy and 
withdrawal of infliximab[61,62]. In a severe case of acute 
cholestatic hepatitis after eight months of treatment 
with infliximab for rheumatoid arthritis, one patient 
progressed to liver failure requiring liver transplant. This 
patient’s liver biopsy showed ductal proliferation with 
collapse and enucleation of the hepatocytes[63].

Apart from DILI, infliximab has also been shown 
to cause reactivation of hepatitis B, in patients with a 
positive surface antigen (HBsAg) and patients with anti-
core antibodies (HBcAb) without HBsAg. In a systematic 

review of HBsAg-positive patients, 2/14 patients treated 
with infliximab experienced hepatitis B reactivation, 
characterized by jaundice with elevated liver enzymes 
and a positive HBV DNA[64]. The outcomes for patients 
with reactivation range from recovery with lamivudine 
treatment to fatal fulminant hepatitis[65]. Patients with
HBsAg-positive or anti-HBc positive serology are con­
sidered to be at moderate risk (1%-10%) for reactivation 
(Table 1)[66]. Given the poor outcomes associated with 
hepatitis B and the availability of prophylactic antivirals, 
both the AGA and AASLD recommend screening for 
hepatitis B with HBsAg and anti-HBcAb prior to initiating 
therapy[66,67]. If a positive result is obtained, HBV DNA 
should be checked before initiating prophylaxis. Antiviral 
prophylaxis has been associated with an 87% relative 
risk reduction of reactivation and an 84% relative risk 
reduction of HBV-associated hepatitis flares. Tenofovir 
or entecavir is recommended for long-term antiviral 
prophylaxis given high resistance rates with lamivudine. 
In contrast to the experience with hepatitis B, hepatitis 
C has not been shown to be affected by infliximab 
usage, and screening for hepatitis C is not currently 
recommended.

Adalimumab (HUMIRA®) is a fully human monoclonal 
anti-TNF-α antibody, and was FDA-approved for use in 
CD in 2007 and UC in 2012. It has also been associated 
with DILI, though less seldom than infliximab. In a 
population-based study from Iceland, the absolute risk 
of DILI with adalimumab was reported to be 1/270 
patients, compared to 1/120 infliximab users[68]. Idio­
syncratic liver enzyme elevations can be seen with 
adalimumab, albeit at a lower incidence than infliximab. 
In a study of 1753 IBD patients treated with anti-TNF 
therapy, 33% of patients were initiated on adalimumab; 
however, only 6% of the 102 patients with elevated 
liver enzymes were adalimumab users (three times 
the number on infliximab)[56]. Resolution of mild liver 
enzyme elevations generally occurred despite continued 
use of adalimumab.

Two cases of drug-induced autoimmune hepatitis 
have been reported in patients being treated with 
adalimumab, including one patient with CD[69,70]. Liver 
enzyme elevations and autoantibodies were seen after 
10-12 wk of treatment. Liver biopsies in both patients 
showed typical morphologic features of autoimmune 
hepatitis. Both patients recovered with cessation of the 
medication and initiation of corticosteroids. Interestingly,
two cases of patients who developed autoimmune 
hepatitis with infliximab with subsequent treatment 
with adalimumab have also been described in the 
literature. In both cases, autoimmune hepatitis resolved 
after infliximab was discontinued, with no evidence of 
recurrence after adalimumab was initiated, suggesting 
that DILI from one anti-TNF-α treatment does not pre­
clude therapy with another drug in the same class[71,72].

One case of severe cholestatic injury due to adali­
mumab has been reported[73]. A female patient with CD 
being treated with adalimumab developed severe jaundice 
after seven months. Bilirubin and alkaline phosphatase 
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were elevated, and liver biopsy demonstrated cannalicular 
cholestasis associated with large intracannicular bile 
thrombi throughout the parenchyma without other 
significant inflammation. Spontaneous recovery was seen 
5 wk after discontinuation of adalimumab.

As with infliximab, adalimumab has been impli­
cated in hepatitis B reactivation, including fatal hepatic 
failure in a patient with clinically resolved hepatitis B 
infection[74,75]. Consequently, hepatitis B screening and 
prophylaxis is recommended prior to starting patients 
on adalimumab. Certolizumab and golimumab are the 
remaining anti-TNF-α treatments which have been FDA-
approved for use in CD and UC, respectively. Due to 
limited use, data on hepatoxicity is scarce, though the 
same recommendations for hepatitis B screening apply.

In addition to direct drug-related injury or injury 
by viral reactivation, there is evidence of an increased 
risk of malignancy affecting the liver in patients on 
TNF-α treatment. Nineteen cases of hepatosplenic 
T-cell lymphoma (HSTCL) have been associated with 
infliximab use[76]. This rare but aggressive malignancy 
is an extranodal form of non-Hodgkin’s lymphoma that 
predominantly affects young males, and often has a poor 
prognosis. Presenting symptoms include hepatomegaly, 
splenomegaly, systemic B-type symptoms, elevated 
liver enzymes and signs of hepatitis. The exact causal 
relationship between infliximab and HSTCL is unclear, as 
patients were also treated with azathioprine, 6-merca­
ptopurine, or steroids. More long-term studies are 
needed to delineate the relationship between infliximab 
and HSTCL.

ANTI-INTEGRIN THERAPIES 
The use of anti-integrin therapy for moderate to severe 
UC or CD that is refractory to anti-TNF agents or 

immunomodulators has increased with the approval 
of vedolizumab in May 2014. Integrins modulate the 
adhesion of leukocytes to endothelial cells and are 
responsible for a key step in the inflammatory cascade 
whereby activated leukocytes anchor to the endothelial 
wall prior to transmigration. Two anti-integrin therapies 
are currently approved to treat IBD, natalizumab and 
vedolizumab, while a third, ertolizumab, is currently in 
phase 3 testing.  

Natalizumab (TYSABRI®) is a monoclonal antibody 
directed to the alpha-4 integrin. Initially used for multiple 
sclerosis, it was subsequently approved to induce and 
maintain clinical remission in patients with moderate 
to severe active CD in patients who failed conventional 
therapies and anti-TNF-α agents[77,78]. Its use has been 
significantly limited in CD due to morbidity and mortality 
in postmarketing cases of progressive multifocal leu­
kencephalopathy that developed secondary to the JC 
virus. Initial trials examining natalizumab’s efficacy 
in treating IBD did not mention hepatotoxicity[77,79-82]. 
Generally elevation of aminotransferases have oc­
curred in approximately 5% of patients on natalizumab 
compared with 3%-4% of controls[83,84]. In the post 
marketing setting, clinically significant liver injury, 
including liver failure, has been reported with at least 
59 cases of hepatic injury reported to the FDA’s Adverse 
Event Reporting System. In a report of 6 cases of liver 
injury, there was a significant hepatocellular component 
with ALT’s reaching 2212 IU/L in one patient. Serum 
bilirubins ranged from 4.5-16 g/dL and occurred as early 
as 6 d after treatment. In addition, there were varying 
degrees of autoantibodies that were positive[85]. The 
etiology of the liver injury that occurs is unclear but is 
likely immunologically mediated.

Vedolizumab (ENTYVIO®) and ertolizumab are 
newer anti-integrin therapies with less data relating to 
their hepatotoxic effects. Vedolizumab is a monoclonal 
antibody to the α4β7 integrin that modulates lymphocyte 
migration into the gut. In the phase 3 trials examining its 
efficacy, three patients developed elevated transaminases 
with or without bilirubin elevation after 2-5 doses of 
vedolizumab. One further case was reported in the open 
labeled trial. Some patients developed autoantibodies 
and were treated with systemic steroids[86-90]. Currently, 
screening for hepatitis B prior to treatment is not 
routinely recommended. 

Ertolizumab is a monoclonal antibody that binds 
the β7 subunit of α4β7 and αEβ7 integrins. Phase 1 and 
phase 2 studies in UC have been performed while phase 
3 studies are underway. No reported adverse events 
related to the liver have been reported[91,92].    

USTEKINUMAB
Ustekinumab (STELARA®) is a human IgG1k monoclonal 
antibody that targets interleukin (IL)-12 and IL-23 
activity by blocking its receptors[93]. It was approved 
in 2009 for use in moderate to severe psoriasis and 
psoriatic arthritis. While it has demonstrated benefit in 

Table 1  Risk of hepatitis B viral DNA associated with 
medication use and hepatitis B status 

Risk group Medication Hepatitis B virus status

High risk (> 10%) Corticosteroids > 4 wk 
(moderate-high dose)

HBsAg+/HBcAb+

Moderate risk (1%-10%) TNF-a inhibitors HBsAg+/HBcAb+ 
(1%-10%)

Ustekinumab HBsAg-/HBcAb+ (1%)
Vedolizumab
Natalizumab

Corticosteroids > 4 wk HBsAg+/HBcAb+ 
(1%-10%) (low dose)

HBsAg-/HBcAb+ (1%) 
(moderate-high dose)

Low-risk (< 1%) Azathioprine HBsAg+/HBcAb+
6-mercaptopurine HBsAg-/HBcAb+

Methotrexate

Adapted from American Gastroenterological Association Institute Technical 
Review on Prevention and Treatment of Hepatitis B Virus Reactivation 
During Immunosuppressive Drug Therapy[66]. Corticosteroids (prednisone 
equivalent): Low dose: < 10 mg; Moderate dose: 10-20 mg; High dose: > 
20 mg. HBsAg: Hepatitis B surface antigen; HBcAb: Anti-hepatitis B core 
antibody; TNF-a: Tumor necrosis factor-alpha.
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patients with CD, it currently does not have FDA approval 
for this indication. In the two published trials evaluating 
its efficacy in CD, there were two hepatobiliary disorders 
reported as biliary colic and cirrhosis, which did not differ 
significantly in number from the control group[94,95]. Eleva­
ted liver enzymes were a relatively rare occurrence, 
occurring in up to 1.4% of patients through 64 wk of 
follow up in one study. In patients treated for up to 5 
years with ustekinumab for moderate-severe psoriasis, 
hepatobiliary disorders were rare, representing only 0.2 
events per 100 patient-years for up to 5 years of follow 
up[96-98].

IL-12 plays an important role in controlling hepatitis 
B viral infections through its facilitation of type 1 T helper 
lymphocytes and by inhibiting HBV replication through 
interferon-gamma production[99-101]. Given its mechanism 
of action, reactivation rates between 1%-10% would be 
expected (Table 1)[66]. There is therefore a theoretical risk 
of reactivation of hepatitis B with the use of ustekinumab. 
One retrospective study in patients with psoriasis 
reported 11 patients who where hepatitis B surface 
antigen positive and surface antibody negative who were 
started on ustekinumab. Out of the 7 patients in whom 
prophylaxis was not given, two experienced reactivation. 
Of the 4 patients in whom prophylaxis was initiated, no 
cases of reactivation were observed[101]. Assuming a 5% 
rate of reactivation of hepatitis B in patients exposed 
to ustekinamab, prophylaxis would result in 44 fewer 
reactivation events per 1000 patients treated and should 
be considered[66]. 

CYCLOSPORINE
Cyclosporine prevents the activation of T-lymphocytes by 
inhibiting the production and release of IL-Ⅱ. It is used to 
induce remission in refractory UC and serve as a bridge 
to medications such as AZA or 6-MP for maintenance 
therapy. Traditionally given as an intravenous infusion 
at a rate of 4 mg/kg, the lower 2 mg/kg dose has been 
shown to be equally effective with fewer reported side 
effects[102-104]. Over 80% of steroid refractory patients 
will respond to therapy and in many cases, cyclosporine 
provides an alternative to colectomy[105]. While side 
effects such as nephrotoxicity, hypertension and infec­
tions are more prevalent, hepatotoxicity is rare.  

Animal studies evaluating its effects on the liver 
reveal increased bile acid and bilirubin concentrations 
when given at high doses, with a corresponding reduc­
tion of the biliary secretion of bile acids, cholesterol 
and phospholipids. Cholestasis was secondary to a 
decrease in bile acid dependent and independent bile 
flow fractions[106,107]. Case series that evaluated dosages 
ranging from 2-10 mg/kg per day found mild abnor­
malities in liver tests consistent with mild increases in 
alkaline phosphatase levels as well as slight increases 
in bilirubin and aminotransferases[108]. In addition, cyclo­
sporine has been reported to increase the incidence of 
cholelithiasis[109]. Earlier studies evaluating cyclosporine 
use in post-renal transplant patients reported evidence 

of hepatotoxicity in 20%-82% of patients, characterized 
by transaminase elevations as well as elevations in 
bilirubin and alkaline phosphatase, which were dose 
responsive[110-112]. In IBD patients, the rate of liver tests 
abnormalities is closer to 1%-4% of patients, with a 
recent systematic review of the literature reporting only 
11 cases of elevated liver tests in IBD patients treated 
with cyclosporine[113,114].  

ANTIBIOTICS
Though their benefits are not well defined in prospective 
randomized trials, antimicrobials have long been used 
as either adjunctive therapy for IBD complications such 
as CD related abscesses, or as the primary therapy in 
pouchitis, an IBD like condition occurring in surgically 
constructed continent jejunal or “J-pouch” reservoirs 
following total colectomy for UC. Since current IBD 
models suggest that even normal bowel bacteria may 
play a role in initiating and propagating the aberrant 
immune response typical of IBD, the appeal of antibiotics 
is straight forward; that decreasing bacterial concen­
trations may lessen this immune stimulation and thus 
decrease the inflammatory response. Though there is 
some evidence of benefit to this approach in fistulizing 
peri-anal and colonic CD, a clearer benefit in UC is 
lacking. Currently, antibiotic therapy for UC is only 
recommended for end-stage cases of toxic megacolon, 
when bacteremia is common.

The two most commonly used antibiotics are metro­
nidazole and ciprofloxacin, either individually or in 
combination. Metronidazole is a synthetic nitroimidazole 
derivative used to treat both anaerobic bacteria and 
protozoa, generally dosed orally at 10 to 20 mg/kg per 
day. Ornidazole, another nitroimidazole derivative not 
currently available in the United States, has also been 
studied for the treatment of CD. Though metronidazole 
is often given intravenously when utilized for inpatients 
with CD related abscesses, most clinical experience in CD 
is with oral use. While dose adjustment is recommended 
in patients with severe liver impairment, primary hepa­
totoxicity is extremely rare. Cases of DILI have been 
reported, typically presenting with a hepatocelluar injury 
pattern several weeks after the initiation of therapy[115,116]. 
Small prospective trials of metronidazole and ornidazole 
in CD have reported elevations of liver enzymes, that did 
not significantly differ from the placebo group[117,118].

Ciprofloxacin is a member of the fluoroquinolone 
class of antibiotics whose mechanism involves inhibition 
of DNA gyrase within sensitive bacteria, preventing the 
relaxation of supercoiled DNA and subsequent breakage 
of double stranded DNA. Minor elevations of serum AST 
and ALT related to ciprofloxacin use is quite common, 
affecting approximately 1% of users. A recent large 
study of a Veterans Administration population of 7862 
patients with fluoroquinolone exposure matched against 
45512 controls, each group excluding underlying liver 
disease, showed an increased risk of hepatotoxicity in 
exposed compared to unexposed patients, odds ratio 
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(OR) = 1.20; 95%CI: 1.04-1.38[119]. Much rarer cases of 
severe hepatocellular, cholestatic or a mixed pattern of 
injury have been reported with fluoroquinolones, which 
are among the group of antibiotics most commonly 
associated with this complication. Clinical trials of cipro­
floxacin for the treatment of CD have not shown any 
significant rates of liver injury, but given the small size 
of these studies it is not possible to determine whether 
there is any disease specific associated liver risk[120,121].

Finally, though CD is not widely considered to be 
caused by a specific infection, there is a possible asso­
ciation of CD with the organism Mycobacterium avium 
paratuberculosis (MAP), which has been found in the 
serum and tissue of some CD patients. Though there 
has been modest success with antimicrobial treatment 
regimens directed at MAP, it is unclear whether this 
success is related to its effect on MAP or a general 
alteration of the bowel flora. While isoniazid (INH) has 
an anti-mycobacterial effect, and has been used as part 
of MAP directed therapy, the common usage of INH in 
individuals with IBD is not as a direct therapy, but as a 
co-therapy to prevent reactivation of mycobacterium 
tuberculosis (TB) in individuals with suspected latent 
infection treated with anti-TNF-α therapy[122,123]. In the 
United States population the risk of latent TB has been 
estimated at 4%, with significant variations depending 
upon the region and socioeconomic status[124]. Current 
prescribing guidelines recommend testing for latent 

TB prior to initiation of biologic therapy with anti-TNF-α 
agents[125]. In patients at risk for latent TB, at least one 
month of INH therapy is suggested prior to the initiation 
of biologic therapy[126]. 

INH inhibits the synthesis of mycolic acid, an essential 
component of the bacterial cell wall, and is commonly 
associated with DILI. Mild elevations of serum trans­
aminases occur in up to 20% of INH treated patients, and 
usually requires close monitoring without discontinuation 
of therapy. Traditionally more severe, and potentially fatal 
INH hepatitis has been directly associated with increasing 
patient age, ranging from a rate of 0.3% in individuals 
20 to 34 years of age, and as high as 4.6% in those over 
age 65 years manifesting as an acute hepatocellular 
pattern. Though, more recent studies have suggested 
that rates may be as low as 0.1%[127,128]. Fatality rates 
once hepatitis develops have been reported as high as 
10%, and are worse with increasing age, though overall 
fatality rates in those treated and monitored following 
current American Thoracic Society guidelines appear to 
be very low[129,130]. Current guidelines recommend routine 
monitoring of patients treated with INH prophylaxis 
who are at higher risk of underlying liver disease such 
as those with chronic viral hepatitis, recent pregnancy, 
and regular alcohol consumption. However, monitoring 
may be considered for anyone greater than 35 years of 
age. Suggested intervals of AST, ALT, and bilirubin testing 
are at baseline, then as often as every 4 wk while on 

Table 2  Summary of medication side effects and management options 

Medication Prevalence of liver injury Manifestation Management1

Sulfasalazine 0.4%-2.9% Mild liver test abnormalities 
Severe systemic hypersensitivity 

Granulomatous hepatitis 
DRESS syndrome 

5-ASA Approximately 2.6% Mild liver test abnormalities 
Drug induced autoimmune hepatitis 

Systemic hypersensitivity reaction 
AZA/6-MP 1.4%-7.1% Hypersensitivity reaction Slight liver test elevation →

Cholestasis Monitor
Peliosis hepatitis  

Disse space fibrosis Persistent elevation →
Veno-occlussive disease Consider stopping medication/reducing dose 

Nodular regenerative hyperplasia Marked elevation →
Hepatosplenic T-cell lymphoma Stop medication 

Methotrexate Approximately 10.2% Elevated liver tests 
Fibrosis 

Anti-TNF-a agents 0.37%-6.7% Hepatocellular injury 
Cholestasis 

Hepatosplenic T-cell lymphoma 
Autoimmune hepatitis 

Anti-integrin therapy < 5% Hepatocellular injury
Cholestasis 

Autoimmune hepatitis 
Liver failure 

Ustekinumab 1.4% Elevated liver tests 
Cyclosporine 1%-4% Increased bile acids 

Cholestasis 
Hepatocellular injury

1For general management of elevated liver tests. For specific recommendations see text. ASA: Aminosalicylic acid; AZA: Azathioprine; 6-MP: 
6-Mercaptopurine; TNF: Tumor necrosis factor; DRESS: Drug reaction with eosinophilia and systemic symptoms.
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therapy. Discontinuation of therapy should be considered 
for an ALT > 5 × the upper limit of normal, or > 3 × the 
upper limit of normal with associated nausea, vomiting, 
abdominal pain, jaundice, or unexplained fatigue[131].

CONCLUSION
While both patients and physicians alike may look 
forward to a true “cure” for illness, the management 
of chronic medical conditions typically requires the 
use of medications, often for an indefinite length of 
time. This is certainly true for the management of IBD. 
The fact that IBD is itself an immune related disease, 
requiring immune suppressing or modifying therapies, 
for long periods of time, further increases the side effect 
potential of these treatments. IBD medications are 
prominent on the list of well described agents causing 
DILI, as well as other hepatobiliary manifestations, each 
with their own prevalence and management strategy 
(Table 2)[25]. While the data on newer therapies appears 
encouraging with regard to DILI specifically, further post 
marketing experience will be needed to determine the 
exact nature of this risk and appropriate prophylactic 
and management strategies.
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Abstract
Hepatitis B virus (HBV) infection is a major public health 
problem in many countries, with nearly 300 million 
people worldwide carrying HBV chronic infection and 
over 1 million deaths per year due to cirrhosis and liver 
cancer. Several hepatitis B surface antigen (HBsAg) 
mutations have been described, most frequently due to a 
single amino acid substitution and seldom to a nucleotide 
deletion. The majority of mutations are located in the 
S region, but they have also been found in the pre-S1 
and pre-S2 regions. Single amino acid substitutions in 
the major hydrophilic region of HBsAg, called the “a” 
determinant, have been associated with immune escape 
and the consequent failure of HBV vaccination and HBsAg 
detection, whereas deletions in the pre-S1 or pre-S2 
regions have been associated with the development of 
hepatocellular carcinoma. This review article will focus 
on the HBsAg mutants and their biological and clinical 
implications.

Key words: Hepatitis B virus infection; Vaccine escape; 
Immune escape hepatocellular carcinoma; Hepatitis B 
surface antigen mutants

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Antibodies to the hepatitis B surface antigen 
(HBsAg) produced in response to hepatitis B virus 
infection or vaccination and those used in diagnostic 
assays to detect this antigen in serum are both directed 
against the ‘‘a’’ determinant region, common to all 
subtypes of the virus. Mutations occurring on the loops 
of the “a” determinant may be responsible for the 
lack of protection in immunized patients and in those 
individuals receiving hepatitis B immune globulin or for 
failed detection of HBsAg using commercial diagnostic 
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assays. There is growing evidence in the last decade 
of the association between HBsAg mutations and 
the development of hepatocellular carcinoma (HCC), 
suggesting that the pre-S1 or pre-S2 large deletions are 
those prevalently associated with the development of 
HCC. This review article will focus on the clinical impact 
of the various HBsAg mutants.

Coppola N, Onorato L, Minichini C, Di Caprio G, Starace M, 
Sagnelli C, Sagnelli E. Clinical significance of hepatitis B surface 
antigen mutants. World J Hepatol 2015; 7(27): 2729-2739  
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i27/2729.htm  DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2729

INTRODUCTION
Hepatitis B virus (HBV) infection is a major public health 
problem in most countries, with approximately 2 billion 
people worldwide showing exposure to the virus, nearly 
300 million carrying HBV chronic infection and over 1 
million deaths per year due to HBV-related end-stage 
liver disease, liver cirrhosis and liver cancer[1-5]. 

HBV is an enveloped Hepadnavirus with an incom
plete double-stranded DNA genome of 3.2 Kb[6]. Eight 
genotypes, with a distinct geographical distribution, have 
been identified to date. Genotype A prevails in north-
western Europe and in the United States, genotypes B 
and C in Asia, genotype D in the Mediterranean basin, 
the Middle East, and India, genotype E in Western Africa, 
genotype F in South and Central America, genotype G 
in the United States and France, genotype H in Northern 
Latin America[7], genotype Ⅰ in Laos, Vietnam, Eastern 
India[8,9] and North-Western China[10] and genotype J in 
Japan[11,12].

The worldwide prevalence of chronic HBV infection 
in the general population borders 5%, but it differs 
widely from one geographical area to another, from 
0.1%-2.0% in the United States and Western Europe, 
from 2.0%-8.0% in Eastern Mediterranean countries 
and Japan, and from 5.0%-20.0% in South-Eastern 
Asia and sub-Saharan Africa[1,13].

Risk factors for HBV infection include transfusion of 
unscreened blood, renal dialysis, sexual promiscuity, 
sharing or re-using syringes among injection drug users, 
tattooing, piercing, working or residing in a health-
care setting, living in a correctional facility and long-
term household or intimate non-sexual contact with an 
HBsAg-positive individual. In highly endemic areas the 
majority of hepatitis B surface antigen (HBsAg) chronic 
carriers acquire HBV infection at birth or in the first 
decade of life, whereas in countries with a low endemicity 
HBV transmission occurs mostly in adulthood due to 
unprotected sexual contact, syringe sharing or parenteral 
exposure to contaminated medical equipment[7,14-17].

A vaccine against HBV became available in 1982, 
and ten years later the World Health Organization 
recommended universal vaccination of newborn babies 

with the HBsAg produced by yeast cells into which the 
genetic code for HBsAg had been inserted. The complete 
vaccination schedule induces protective antibody levels 
in more than 95% of infants, children and young adults. 

The emergence of single or multiple amino acid 
substitutions in the HBsAg region has been found in 
infants born to HBsAg-positive mothers who underwent 
passive/active immunoprophylaxis at the birth, in 
HBsAg-positive liver transplant recipients treated with 
hyperimmune anti-HBs immune globulin and in patients 
who experienced loss of HBsAg after anti-HBV therapy. 

This review article focuses on the impact of HBsAg 
mutants on vaccine escape, failure of diagnostic tests to 
detect HBsAg, and on the development of hepatocellular 
carcinoma (HCC). 

HBV VIROLOGY
Human HBV is the prototype member of the Hepadna
viridae family, which includes a variety of avian and 
mammalian viruses sharing similar genomic organiza
tion, organ tropisms and a unique strategy of genome 
replication[14]. 

HBV is one of the smallest enveloped animal viruses
with a diameter of 42 nmol/L consisting of an outer lipid 
envelope and an icosahedral nucleocapsid core com
posed of proteins. The nucleocapsid encloses the viral 
DNA and a DNA polymerase acting also as a reverse 
transcriptase[17]. The outer envelope contains the embe
dded proteins HBsAg, pre-S1 and pre-S2 involved in 
the viral binding of, and entry into susceptible cells. 
HBV is also called “Dane particle” after the name of the 
researcher who first observed it on electron microscopy 
together with filaments and 22 nmol/L spherical bodies 
in the serum of infected individuals[18]. HBV infects the 
hepatocytes, whereas the filaments and spherical bodies 
do not contain the viral DNA and do not infect the liver 
cells. These filaments and spherical bodies show the 
same HBsAg reactivity as the surface of HBV and are 
considered to be produced by HBsAg in excess during 
the life cycle of the virus[19]. 

The HBV genome consists of 3200 base pairs of 
partially double-stranded circular DNA containing four 
(P, C, S and X) overlapping open reading frames (ORF) 
with a nucleotide diversity of ≥ 8% in different geno
types[15,16]. The P gene codes for the viral polymerase/
reverse transcriptase. It has four domains: A terminal 
domain, which serves as a protein primer for reverse 
transcription of pre-genomic viral RNA, a spacer region 
without no apparent function, the polymerase domain, 
which has reverse transcription activity, and the RNase 
H domain, responsible for the degradation of the RNA 
template during reverse transcription.

The core (C) gene codes for HBcAg, the major 
structural protein of the nucleocapsid. The preC/C ORF 
is transcribed into a precore/core fusion protein. During 
entry into the endoplasmic reticulum, 19 amino acids 
are cleaved from the N-terminal end of the precore 
protein by a signal peptidase. When transported into the 
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Golgi compartment, additional amino acids are removed 
from the C-terminal end by intra-Golgi proteases to form 
the HBe antigen. This antigen, which is secreted into 
the serum, is used as a marker of active HBV replication 
in clinical practice. The possibility that the circulating 
HBe antigen may suppress the immune response and 
favor HBV replication has been hypothesized[14] but 
never proven, and the biological function of this protein, 
if any, remains unknown. The preS/S ORF encodes the 
envelope proteins HBsAg, pre-S1 and pre-S2. The X 
gene codes for potent transactivating factors of viral 
and cellular genes (HBxAg), some of which possibly 
correlated to the development of HCC[20,21]. 

HBSAG STRUCTURE AND VARIANTS
The preS/S ORF encodes three different structurally 
related envelope proteins, termed the large (L), middle-
sized (M) and small (S) protein, that is synthesized 
from alternative initiation codons. The three proteins 
share the same carboxy-terminus but have different 
amino terminal extensions. In particular, the S protein 
corresponding to the HBsAg consists of 226 amino 
acids (aa), the M protein contains an extra N-terminal 
extension of 55 aa, and the L protein has a further 
N-terminal sequence of 108-119 aa compared with the 
M protein[22]. The enhancer and basic core promoter 
regions of S region overlap with the X gene. 

HBsAg is an envelope glycoprotein that is currently 
the primary element for diagnosis and target of immu
noprophylaxis of HBV infection. The dominant epitopes 
of HBsAg, which are the targets of neutralizing B-cell 
responses, reside in the ‘‘a’’ determinant (aa 124-147) 
within the major hydrophilic region (MHR).

Several mutations in the S region have been described 
and those most frequently reported in the literature are 
listed in Table 1. In most cases, they were aa substitutions 
due to a single mutation, but nucleotide deletions have 
also been reported. The majority of mutations were 
located in the S region, but some mutations were also 
identified in the pre-S1 or pre-S2 regions. Mutations in 
the S region have been found in various HBV genotypes, 
while those in pre-S1 or pre-S2 have been frequently 
observed in patients with HBV genotype C (Table 1)[23-60].

CLINICAL SIGNIFICANCE OF HBsAg 
MUTANTS
Some HBsAg mutants have been associated with major 
biological or clinical events such as immune escape, 
failure to detect HBsAg and the development of HCC. 

HBsAg mutants associated with immune escape 
The MHR region, which is exposed to the outer surface 
of the virion, is situated between aa 99-169 of HBsAg. 
The antibodies produced after HBV vaccination and 
those used in diagnostic assays to detect serum HBsAg 
are both directed against this region and, specifically, to 

a cluster of B-cell epitopes, common to all subtypes of 
the virus, called ‘‘a’’ determinant and showing a two-loop 
structure of aa (124-147). Mutations may occur on both 
loops of the “a” determinant and may be responsible for 
a lack of protection and the occurrence of HBV infection 
in immunized patients (vaccine escape) or for failure 
to protect by the HBIG administered as a prophylactic 
measure or failure to detect HBsAg in diagnostic assays. 
Table 2 lists the studies suggesting the association of 
HBsAg mutants with vaccine escape or failed HBsAg 
detection.

In 1988 a follow-up Italian study[61] reported that 
children with a strong antibody response to HBV vaccine 
may still become infected with HBV. This observation 
was confirmed in other investigations and the conclusion 
on this point is that this phenomenon may involve nearly 
2% of children born of HBsAg-positive mothers or with 
other HBsAg-positive household contacts[61,62]. More 
detailed analysis identified an association of vaccine 
escape with a point mutation from glycine to arginine 
at position 145 (G145R)[61]. This G145R mutation is the 
vaccine-escape mutant most frequently detected[62-68], 
stable over time[61,69] and horizontally transmissible[70,71].

He et al[72] studied 176 restaurant employees before 
and one year after the HBV vaccination was completed. 
Six (3.4%) of the 176 became HBV-DNA positive after 
vaccination and four (2.3%) of the six showed a point 
mutation within the “a” determinant (Gly-145-Ala, and 
Ile/Thr-126-Asn/Ser).

Ngui et al[73] tested 17 HBV-infected mother/infant 
pairs because the infants became HBV-infected despite 
careful passive-active HBV immunoprophylaxis. Complete 
concordance in the S gene sequence was identified in 15 
mother/infant pairs, while in the remaining two pairs the 
sequence of the S gene differed: One infant harbored 
three nucleic acid changes (P120Q, F134Y and D144A) 
and the other was carrying the I126N substitution, 
mutations that may interfere with HBsAg/anti-HBs bind
ing. Mismatches in the HBV S gene were also observed in 
16 of 41 HBV-infected mother/infant pairs in Singapore, 
of whom the infants acquired HBV infection despite HBV 
passive/active immunization[74].

HBsAg mutants associated with failed HBsAg detection
In 1999, Coleman et al[75] demonstrated that three 
commercial assays did not detect serum HBsAg in 
patients showing mutations including G145R in the “a” 
determinant. Subsequently, Zhang et al[76] prepared a 
panel containing four dilutions of an HBsAg wild-type 
serum, three recombinant mutants (G145R, K141E, and 
T131I) and one negative sample. This panel was tested 
for HBsAg reactivity by the laboratories of 85 blood 
banks using different assays. HBsAg reactivity was 
detected only in 19.4% of the assays in the presence of 
the aa substitution G145R and in 20% in the presence 
of the T131I or K141E mutants. 

Sticchi et al[77] found G145A HBsAg mutants in 
8 (3.1%) of 256 HBsAg chronic carriers, alone in 5 
and with other HBsAg mutations in 3 (T126I, T131A, 
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Table 1  Mutations reported in the hepatitis B surface antigen regions

Codon Type mutation Mutation Phenotypic consequence HBV genotype Ref.

Wt1 atg, Mt1 acg, Wt2/3 tac, 
Mt2 tgc, Mt3 cac, Wt4 ttt, Mt4 
ttg

AAS M197T1, Y206C2/H3, 
F220L4

Low serum HBV DNA D [23]

Wt1 gga AAS G145A1 Immune escape1 A-B-C-D [24,31,47]
Mt1 gca Lamivudine resistance1

AAS G145R Immune escape A, B-C-D [28,35,36,40,41,45,47-50]
Wt tgc AAS C121W Immune escape A [25] 
Mt tgg
Wr tgc, Mt tgg AAS C147W Immune escape D [25,26]
Wt act, Mt att AAS T189I Immune escape, reducing HBsAg 

detection signal
E-A [27,28,33]

WT act, Mt aat AAS I126N Immune escape C [29]
WtCaa, Mt cga AAS Q129R Vaccine escape B [30,34]
Wt ttc, Mt tac AAS F161Y Immune escape C [31,51]
Wt atg, Mt atc AAS M103I Immune escape D [24,52]
Wt ttg, Mt tcg AAS L94S HCC D [32]
WT gac, Mt gaa AAS D144E Immune escape D, C, A [28,33,40,52]
Wt cct, Mt Tct AAS P127S Immune escape B, D [33,34,39]
Wt act, Mt agt AAS T126S Immune escape B [33,34,38]
WT act, MT atc AAS T126I Immune escape C, D [28,34,53]
WT act, Mt agc AAS T143S Immune escape C, A [34,53]
WTcca, Mt aca AAS P120T Immune escape B, D [34,53]
Wt gca, Mt Gta AAS A184V Immune escape E [27]
Wt gta, Mt gca AAS V184A Immune escape E [27]
Wt Tcg, Mt acg AAS S143t Immune escape E [25,27,53]
Wt tgt, Mt ttc AAS C76F Immune escape E [27]
Wt cct, Mt act AAS P70T Immune escape E [27]
Wt ata, Mt act AAS I82T Immune escape E [27]
Wt att, Mt ctt AAS I110L Immune escape A, C [25,53]
Wt tat, Mt ttt AAS Y134F Immune escape D [25,55]
Wt agt, Mt aac AAS S207N Immune escape D [25,56]
Wt tat, Mt cat AAS Y134H Immune escape D [52]
Wt acg, Mt aat AAS T125N Increased HBsAg reactivity in 

immunological diagnostic assays
D [43]

Wt atg, Mt atc, WT aag, Mt 
agg

AAS M103I-K122R Immune escape A-C-D [24]

Wt tat, Mt tgt AAS Y100C Immune escape B-C [45]
Wt ccc, Mt ctc, MtQ caa, 
MtS tcg, Mtt acc

AAS P120L/Q/S/T Immune escape B-C [45]

Wt tcg, Mt cta AAS S143L Immune escape D [52]
Wt ctt, Mt cct AAS L127P Immune escape E [27]
Wt cct, Mt ctt AAS P127L Immune escape A [27]
Mutations in pre-S1 region
Wt tct, Mt aca AAS S98T Significant association with disease 

progression (LF, LC, HCC)
D [57]

Wt aac, Mt act AAS N48T Reduced HBsAg detection signals C [27]
Wt cag, Mt cct AAS Q82P Reduced HBsAg detection signals C [27]
Wt acc, Mt aat AAS T97N HBsAg not detected C [27]
Wt aat, Mt acc AAS N97T HBsAg not detected E [27]
Wt cct, Mt cag AAS P93Q HBsAg not detected E, C [27]
Deletion size (bp) 39 D Region (nt) 3046-3084 Progression to advanced liver disease C [58]
Deletion size (bp) 108 D Region (nt) 2959-3066 Progression to advanced liver disease C [58]
Deletion size (bp) 39 D Region (nt) 3046-3084 Progression to advanced liver disease C [58]
Deletion size (bp) 108 D Region 2959-3066 Progression to advanced liver disease C [58]
104th codon AAS Q104Stop HCC development and immune escape C [59]
preS1 start D Not specified HCC development and immune escape C [59]
Wt ucc, Mt gcc AAS S17A Immune escape C [59]
Wt cct, Mt ctt AAS P32L Immune escape C [59]
Wt tgg, Mt ctg, Mt agg AAS W43L/R Immune escape C [59]
104th codon AAS Q104Stop HCC development and immune escape C [59]
Mutations in pre-S2 region
Not specified AAS preS2-W3Stop Immune escape C [59]
From 8th codon to 23rd codon D Immune escape C [59]

AAS: Amino acid substitution; D: Deletion; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen; LC: Liver 
cirrhosis; LF: Liver fibrosis.
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C139Y, E/D144G, T126I, M133L, P120Q or T126I). In 
the three patients with a multiple mutation, HBsAg was 
undetectable by 3 of 5 routine assays used in this study. 

HBsAg mutants associated with failure to detect 
HBsAg have also been observed in patients with acute 
hepatitis B[78-80]. Laoi et al[78] studied 32 consecutive 
patients with acute hepatitis B and found a single or 
multiple amino acid substitution in 6 (18.5%) isolates. 
The G145A substitution along with the F134L were 
responsible for failure to detect HBsAg in one of these 
6 and the D144E and S143L in another two isolates, 
whereas the other mutants identified (R113Thr, Ser114­
Pro, Thr118Val, Ala128Val) were of unclear significance.

HBsAg mutations associated with HCC development
The HBsAg mutations prevalently associated with the 
development of HCC are the large deletions involving the 
pre-S1 or pre-S2 regions[81]. These deletions naturally 
occur during the chronic phase of HBV infection and 
induce the synthesis of truncated variants of the large 
envelope protein, with important immunological and 
clinical consequences[82]. In fact, these variants present 
reduced antigenicity and, by altering the immune 
response, may favour the replicative activity of the 
virus[83]. In addition, the pre-S deletions decrease the 
expression of middle and small surface proteins, resulting 
in intracellular accumulation of viral particles that may 
induce stress in the endoplasmic reticulum, oxidative 
DNA damage and genomic instability, and possibly lead 
to a higher rate of neoplastic transformation[84]. The 
growing evidence on the association between HBsAg 
mutations and the development of HCC emerging in the 
last decade is shown in Table 3. 

In 2003, Huy et al[85] conducted a multicenter cross-
sectional study on 352 HBsAg-positive patients from 12 
countries in five continents or subcontinents and demon­
strated a higher prevalence of pre-S1 and/or pre-S2 
deletions and pre-S2 start codon mutations in patients 
with HCC than in those without (35.7% vs 16.5%, P < 

0.05). In accordance with this, a correlation between a 
pre-S deletion and the presence of liver cirrhosis or HCC 
was described in an observational Japanese study[86]. 
Also, in a cross-sectional Italian study, the prevalence 
of pre-S2 deletions or start codon mutations was much 
higher in the 19 patients with HBV-related HCC than in 91 
HBV carriers without HCC (84.2% vs 43.9%, P < 0.02)[87]. 
In 2006, Chen et al[88] found a higher prevalence of pre-S 
deletions in 50 Taiwanese patients with HBV-related 
hepatocellular carcinoma than in 102 HBV-infected 
individuals without HCC (52.0% vs 29.4%, P < 0.0001). 
Similar data come from three studies performed in 
Taiwan[89], South Korea[90] and China[91], respectively. In 
addition, a South Korean study performed by Mun et al[92] 
demonstrated a correlation of both pre-S1 deletions and 
pre-S1 start codon mutations with the occurrence of HCC 
(P = 0.027 and P = 0.048, respectively); in this study 
the presence of pre-S2 deletions was also significantly 
associated with the development of liver cirrhosis (P = 
0.001). The association of pre-S deletions and pre-S2 start 
codon mutations with the presence or the development 
of HCC was confirmed in other studies performed in 
southern Asia[93-95]. Moreover, a cross-sectional South 
Korean study on 119 HBsAg-positive patients[96] showed 
a higher prevalence of pre-S1 deletions in patients with 
HCC than in those without. In a case-control study[97] on 
192 HBsAg-positive patients from Taiwan, the pre-S2, 
but not pre-S1 deletions, were associated with the 
occurrence of HCC, data endorsed by the results of a 
subsequent South Korean case-control study on 270 
HBV-infected patients[98] that described a correlation 
between pre-S2 but not pre-S1 deletions or pre-S2 start 
codon mutations and HCC. The pre-S deletions were 
significantly associated with the development of HCC also 
in a study performed by Kao et al[99] on 168 HBV chronic 
patients from Taiwan. 

A prospective study performed in South Korea 
investigated 195 patients with chronic HBV infection[100] 
and showed a higher incidence of HCC in those who 

Table 2  Studies on hepatitis B surface antigen mutations associated with immune escape and failure to detect hepatitis B surface 
antigen 

Ref. Country No. of patients Type of study Patients with HBsAg mutation, n  (%) Clinical significance HBsAg mutation

Sticchi et al[77] Italy 256 Cross-sectional 8 (3.1) Detection failure; vaccine 
escape

G145R, T126I 

Luongo et al[79] Italy     1 Case report                              1 Vaccine escape M125T, T127P 
Q129H 

Lee et al[66] South Korea     1 Case report                              1 Vaccine escape G145R, P120Q, 
I126T

Seddigh-
Tonekaboni et al[68]

United 
Kingdom

    4                              2 Vaccine escape P142S, G145R, 
G145A

Ngui et al[73] England, 
Wales

  17 Cross-sectional 2 (12) Vaccine escape P120Q, F134Y, 
D144A, I126N

Carman et al[62] Multinational   32 Cross-sectional                              1 Vaccine escape G145R
Laoi et al[78] Ireland   32 Cross-sectional    6 (18.5) Vaccine escape, detection 

failure
G145A, F134L, 
D144E, S143L

Foy et al[80] United States     1 Case report                              1 Immune escape D144E

HBsAg: Hepatitis B surface antigen.

Coppola N et al . HBsAg mutants



2734 November 28, 2015|Volume 7|Issue 27|WJH|www.wjgnet.com

Table 3  Clinical significance of hepatitis B surface antigen mutations in chronic hepatitis B

Ref. Country No. of patients Type of study Patients with HBsAg mutation, n  (%) Clinical significance

Abe et al[103] Japan   40 Case-control 27/30 (90) in HCC+ Correlation between preS1-S2 deletion and 
HCC (P < 0.001)0/10 (0) in HCC- 

Bläckberg et al[106] Sweden   35 Case-control 8/16 (50) in HCC+ No correlation between Pre-S2 mutations and 
HCC (P > 0.05)4/19 (21) in HCC-

Cao et al[94] China   97 Case-control 34/47 (72.3) in HCC+ Correlation between pre-S deletion or pre-S2 
start codon mutation and HCC (P < 0.001)13/50 (26) in HCC-

Chen et al[88] Taiwan 152 Cross-sectional 26/50 (52.0) in HCC+ Correlation between pre-S deletion and HCC 
(P < 0001)30/102 (29.4) in HCC-

Chen et al[95] Taiwan 240 Case-control Pre-S deletion: 28/80 (35) in HCC+ vs 
27/160 (16.9) in HCC-

Correlation between pre-S deletion (P = 0.002), 
W4P/R (P = 0.021) and M1V/I/A mutations (P 

= 0.011) and HCC 
Choi et al[90] South Korea 300 Cross-sectional W4P/R: 10/80 (12.5) in HCC+ vs 7/160 

(4.4) in HCC- M1V/I/A: 23/80 (28.8) in 
HCC+ vs 24/160 (15) in HCC-

Correlation between pre-S deletion or pre-S2 
start codon mutation and HCC (P < 0.001)

31/72 (43.1) in HCC+
Fang et al[93] China   66  Case-control 51/228 (22.4) in HCC- Correlation between pre-S deletion and HCC 

(P < 0.01)15/33 (45.5) in HCC+
Gao et al[91] China   79 Cross-sectional 6/33 (18.2) in HCC- Correlation between pre-S deletion and HCC

(P = 0.001)10/26 (38.5) in HCC+
Huang et al[104] Taiwan   38 Case-control 3/53 (5.7) in HCC- Correlation between pre-S deletion and HCC

(P = 0.008)9/19 (47.4) in HCC+
Hung et al[110] Taiwan 313 Cross-sectional 1/19 (5.3) in HCC- Correlation between pre-S deletion and HCC 

(P < 0.001)41/146 (40) in HCC+
Huy et al[85] 12 countries 352 Cross-sectional 5/167 (3.0) in HCC- Correlation between pre-S1/S2 deletion and 

pre-S2 start codon mutations and HCC (P < 
0.05)

17/49 (34.7) in HCC+
50/303 (16.5) in HCC-

Jang et al[96] South Korea 119 Cross-sectional 17/48 (35.4) in HCC+ Correlation between pre-S deletion and HCC 
(P < 0.05)13/71 (18.3) in HCC-

Kao et al[99] Taiwan 168 Case-control 56/112 (50.0) in HCC+ Correlation between pre-S deletion and HCC 
(P < 0.001)4/56 (7.1) in HCC-

Lee et al[98] South Korea 270 Case-control 28/135 (18.5) in HCC+ Correlation between pre-S2 deletion and HCC 
(P < 0.001)6/135 (4.4) in HCC-

Lee et al[107] South Korea 247 Cross-sectional 19/153 (12.4) in advanced liver 
disease (LC or HCC) 1/94 (1.1) in non-

advanced liver disease

Correlation between W4P/R mutation and 
HCC or cirrhosis (P < 0.05)

Lin et al[89] Taiwan 266 Cross-sectional 19/64 (29.7) in HCC+ Correlation between pre-S deletion and HCC 
(P = 0.02)25/202 (12.4) in HCC-

Mun et al[92] South Korea 120 Cross-sectional Pre-S1: 13/40 (32.5) in HCC+ vs 11/80 
(13.7) in HCC- 

Correlation between pre-S1 (P = 0.027) and 
pre-S1 start codon mutations (P = 0.048) and 
HCC. Correlation between pre-S2 deletions 

and cirrhosis (P = 0.001)
Pre-S1 start codon: 9/40 (22.5) in HCC+ 
vs 4/80 (5.0) in HCC- Pre-S2: 8/21 (38.1) 

in LC+ vs 4/59 (6.8) in LC-
Qu et al[102] China 193 Case-control Pre-S deletion: 28/96 (29.2) vs 11/97 

(11.3), Pre-S2 start codon: 17/96 (17.7) 
vs 7/97 (7.2), T31C: 23/96 (24.0) vs 
37/97 (38.1), T53C: 36/96 (37.5) vs 

23/97 (23.7), T766A: 13/96 (13.5) vs 
14/97 (14.4) in HCC+ vs HCC-

Correlation between pre-S deletion (P = 0.003), 
pre-S2 start codon (P = 0.027), T31C (P = 0.044), 
T53C (P = 0.027) but not T766A mutation (P = 

0.966) and HCC

Raimondo et al[87] Italy 110 Cross-sectional 16/19 (84.2) in HCC Correlation between pre-S2 deletion or start 
codon mutation and HCC (P < 0.02)40/91 (43.9) in HCC-

Sinn et al[100] South Korea 195 Cohort 13/24 (54.2) in HCC+ Correlation between pre-S mutation and HCC 
(P < 0.001)31/171 (18.1) in HCC-

Sugauchi et al[86] Japan 160 Cross-sectional 20/58 (34.5) in advanced liver disease 
(LC or HCC)

Correlation between pre-S deletion and HCC 
or cirrhosis (P < 0.05)

17/102 (16.7) in non-advanced liver 
disease

Sung et al[108] Hong Kong   26 Case-control T31C: 6/16 (37.5) in HCC+ vs 0/10 (0.0) 
in HCC- T53C: 6/16 (37.5) in HCC+ vs 

1/10 (10.0) in HCC-

Correlation between T31C and T53C mutations 
and HCC (P < 0.05)

Thongbai et al[105] Thailand 154 Cross-sectional 24/65 (36.9) in HCC+ No correlation between pre-S1/S2/S deletion 
or start codon mutation and HCC (P > 0.1)34/89 (38.2) in HCC-

Yeung et al[97] Taiwan 192 Case-control 28/96 (29.2) in HCC+ Correlation between pre-S deletion and HCC 
(P = 0.015)14/96 (14.6) in HCC-

Zhao et al[101] China 317 Case-control 74/157 (47.1) in HCC+ Correlation between pre-S deletion and HCC 
(P < 0.001)45/160 (28.1) in HCC-
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tested positive for pre-S mutations. Two subsequent 
Chinese case-control studies on 317 and 193 HBsAg-
positive patients, respectively, identified pre-S dele
tions[101,102] and pre-S2 start codon mutations[102] as 
independent predictors of HCC development. Abe et 
al[103] found a correlation between the presence of pre-S1 
or pre-S2 deletions and the occurrence of HCC in a case-
control study on 40 Asian children with chronic HBV 
infection, a finding confirmed in a retrospective study on 
38 Taiwanese children[104] in which the presence of pre-S 
mutations was identified as an independent predictor of 
HCC development.

Instead, a cross-sectional study[105] enrolling 154 
patients from Thailand failed to show an association 
between HCC and pre-S1 or pre-S2 deletions or start 
codon mutations. Likewise, a small case-control study 
showed no association between pre-S2 mutations and 
HCC in 35 patients from different countries[106].

The S region of the HBV genome may present point 
mutations that could alter HBsAg secretion. These point 
mutations were investigated by some Authors to identify 
a possible correlation between their presence and the 
development of HCC. Chen et al[95] found a correlation 
between the W4P/R mutation and the occurrence of 
HCC, an observation endorsed by the data from a cross-
sectional study from South Korea[107] on 247 HBsAg-
positive patients in which the prevalence of W4P/R 
mutants was higher in patients with cirrhosis or HCC 
than in those with a less severe liver illness. In addition, 
Qu et al[102] in a larger study confirmed the association 
of the T31C and T53C mutations with the occurrence of 
HCC previously demonstrated in a small cohort study[108] 
published in 2008. In Qu’s study the T766A mutant and 
HCC were not associated, whereas a case-control study 
carried out by Zhu et al[109] on 55 HBV-infected Chinese 
patients showed a significant association between the 
pre-S2 start codon (P = 0.014), T53C (P = 0.004) and 
T766A (P = 0.043) mutations and the occurrence of 
HCC.

CONCLUSION
The association of single or multiple aa substitutions 
in the HBsAg region with failed protection in infants 
who received passive/active prophylaxis and in HBsAg-
positive liver transplant patients undergoing continuous 
passive immunoprophylaxis should alert clinicians to the 
possible onset of acute hepatitis B or a reactivation of a 
previous HBV infection, respectively, in these cases.

Similarly, the possibility that some subjects resulting 
HBsAg-negative may harbor HBV infection because 
an aa substitution has made the presence of HBsAg 
undetectable with the commercially available assays 

should be taken into account by clinicians and healthcare 
personnel working in laboratories and blood banks.

Although several studies reported an association 
between HBsAg mutations and HCC, the data on this 
point are not conclusive because most of the studies 
were performed in south-eastern Asia, some of them 
were very small, most of them were cross-sectional and 
a few reported data contrasting with those from the 
majority of studies. A large worldwide study, planned on 
the basis of the data available, would almost certainly 
improve our knowledge on this topic.
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Abstract
The association of chronic hepatitis C virus (HCV) 
infection with a wide spectrum of cutaneous mani
festations has been widely reported in the literature, 
with varying strength of epidemiological association. 
Skin diseases which are certainly related with chronic 
HCV infection due to a strong epidemiological and 
pathogenetic association are mixed cryoglobulinemia, 
lichen planus and porphyria cutanea tarda. Chronic 
pruritus and necrolytic acral erythema are conditions 
that may share a possible association with HCV infection, 
while several immune-mediated inflammatory skin 
conditions, such as psoriasis, chronic urticaria and 
vitiligo, have been only anecdotally reported in the 
setting of chronic HCV infection. Traditional interferon-
based treatment regimens for HCV infection are 
associated with substantial toxicity and a high-risk of 
immune-related adverse events, while the advent of 
new direct-acting antivirals with sustained virological 
response and improved tolerability will open the door 
for all-oral, interferon-free regimens. In the new era 
of these direct acting antivirals there will be hopefully 
a renewed interest in extra-hepatic manifestations of 
HCV infection. The aim of the present paper is to review 
the main cutaneous HCV-related disorders - mixed 
cryoglobulinemia, lichen planus, porphyria cutanea tarda 
and chronic pruritus - and to discuss the potential impact 
of new antiviral treatments on the course of these extra-
hepatic manifestations of chronic HCV infection. 

Key words: Chronic liver disease; Hepatitis C virus; 
Interferon-free agents; Extra-hepatic manifestation; 
Skin diseases; Mixed cryoglobulinemia; Lichen planus
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Core tip: It is known that the association of hepatitis C 
virus (HCV) infection with a wide spectrum of cutaneous 
manifestations has been widely reported in the 
literature. In the new era of direct acting antivirals there 
will be hopefully a renewed interest in the diagnosis 
and treatment of extra-hepatic manifestations of HCV 
infection. The aim of the present paper is to review the 
main cutaneous HCV-related disorders and to discuss 
the potential impact of new antiviral treatments on the 
course of these extra-hepatic manifestations of chronic 
HCV infection in order to help all the clinicians dealing 
with patients undergoing antiviral treatment. 

Garcovich S, Garcovich M, Capizzi R, Gasbarrini A, Zocco MA. 
Cutaneous manifestations of hepatitis C in the era of new antiviral 
agents. World J Hepatol 2015; 7(27): 2740-2748  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v7/i27/2740.htm  
DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2740

INTRODUCTION
Hepatitis C virus (HCV) is known to induce both hepatic 
and extra-hepatic manifestations. Chronic HCV infection 
is now considered a systemic disease with multi-organ 
involvement. The association of chronic HCV infection 
with a wide spectrum of cutaneous manifestations has 
been widely reported in the literature, with varying 
strength of epidemiological association. In registry-
based studies, about 17% of HCV patients present at 
least one skin manifestation, which can be directly or 
indirectly induced by chronic HCV infection[1]. In Table 1, 
the cutaneous extra-hepatic manifestations (cEHMs) are 
summarized according to the quality of epidemiological 
and pathogenetic relationship with chronic HCV-infection. 

The recognition of cEHMs is important for the clinician 
for several reasons. First, to ensure early diagnosis 
by routine HCV-testing in patients with higher risk of 
infection than the general population; Second, some 
of these manifestations may improve after effective 
antiviral treatment without or in combination with skin-
targeted therapy; Third, cEHMs may identify a difficult-
to treat patient subset, requiring a tailored antiviral 
regimen as well as multidisciplinary care. 

Skin disease which are certainly related with chronic 
HCV infection are mixed cryoglobulinemia (MC), lichen 
planus (LP) and porphyria cutanea tarda (PCT). In these 
disorders testing for HCV infection is recommended, in 
the light of the strong epidemiological and pathogenetic 
association. Psoriasis, chronic pruritus and necrolytic 
acral erythema are conditions sharing a possible asso
ciation with HCV infection, although they lack definitive 
epidemiological and experimental evidence to support 
universal screening for HCV. Moreover, other immune-
mediated inflammatory skin conditions, such as chronic 
urticaria and vitiligo, have been anecdotally reported 
in the setting of chronic HCV infection in retrospective 

studies and case-series. The complex interplay between 
the cutaneous immune system and the HCV-induced 
immune response in a genetically predisposed individual 
can induce or change the course of inflammatory skin 
conditions. For example, chronic HCV infection is a major 
infectious comorbidity complicating the therapeutic 
management of psoriasis, which is increasingly based 
on systemic immune-modulating agents, such as metho
trexate, cyclosporine and TNF-alpha inhibitors. 

Thus, the nature of HCV extra-hepatic manifesta
tions requires a multidisciplinary approach, in order to 
ensure a correct diagnosis and optimize therapeutic 
interventions. 

Traditional interferon (IFN)-based treatment regimens 
for HCV infection were associated with substantial toxicity 
and a high-risk of immune-related adverse events. 
These included a plethora of IFN-induced manifestations 
and the induction or worsening of immune-mediated, 
inflammatory skin conditions, such as psoriasis, eczema, 
lichenoid eruptions, pruritus and alopecia areata. IFN-
related cutaneous adverse events have to be diffe
rentiated clinically from true, primary cEHMs of HCV 
infection.

In 2011, boceprevir and telaprevir were licensed 
for use in HCV as new first wave, first-generation 
direct-acting antivirals (DAAs), still to be administered 
in combination with IFN and ribavirin. To overcome 
this limit, in 2014 three new HCV DAAs (Sofosbuvir, 
Simeprevir and Daclatasvir) have been licensed world
wide for use as IFN-free, a major achievement in the 
field of hepatology[2]. For the first time in three decades 
the availability of new direct-acting antivirals with 
sustained virological response and improved tolerabi
lity will open the door for all-oral, IFN-free regimens. 
Nevertheless, these new treatment regimens have to 
be tested in real-life clinical scenarios, such as difficult to 
treat patient subsets with advanced fibrotic disease and/
or substantial comorbidity. In the new era of these direct 
acting antivirals there will be hopefully a renewed interest 
in extra-hepatic manifestations of HCV infection.

The aim of the present paper is to review the main 
cutaneous HCV-related disorders - MC, LP, PCT and 
chronic pruritus - and to discuss the potential impact of 
new antiviral treatments on the course of these extra-
hepatic manifestations of chronic HCV infection. 

MIXED CRYOGLOBULINEMIA - 
CUTANEOUS MANIFESTATIONS
Skin is the most frequently involved organ of MC-related 
vascular inflammation in chronic HCV-infected patients 
and clinical manifestations include palpable purpura 
(21%) with or without livedo, Raynaud phenomenon 
(15%), pruritus (8%), urticaria (6%) and leg ulcers. 
Leucocytoclastic small vessel vasculitis is the main 
histological correlate of cutaneous lesions[3]. 

Systemic vasculitis involving the kidneys, heart and 
central nervous system characterizes the severe forms 
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of MC disease, with increased risk of death due to end-
organ complications, progression of liver disease and 
lymphoma. In severe MC disease, cutaneous lesions 
comprise hemorrhagic ulcers and skin necrosis, due to 
immune-complex deposition in small-to medium sized 
blood vessel with complement activation[4]. 

In patients with mild- to mode-rate symptomatic 
HCV-related MC, an optimal antiviral treatment is war
ranted in order to attain a sustained virological response 
and cutaneous improvement. Treatment goals in MC 
patients are clinical remission of MC-related organ 
manifestations, clearance of cryoglobulins, in addition 
to sustained virological responses, while limiting the 
use of immune-modulating agents with risk of liver 
toxicity. In the majority of MC patients, there is a good 
correlation of SVR and clinical response, with remission 
of end-organ manifestations and symptoms. Other 
useful laboratory response markers are clearance of 
cryoglobulins, complement levels (C3, C4, CH50 activity) 
and rheumatoid factor acitivity. On the other hand, 
patients who relapse after initial HCV antiviral treatment 
frequently develop a clinical relapse of MC disease[5]. 

Combination antiviral therapy with pegylated IFN/
ribavirin yields a SVR in almost 52% of patients with 
symptomatic MC disease, as recently shown in a meta-
analysis of ten clinical studies[6]. Triple antiviral therapy 
with Peg-IFN-alpha/ribavirin and a first-generation 
protease inhibitor (telaprevir or boceprevir) in severe 
HCV-associated MC vasculitis determined a complete 
clinical response of MC and SVR in 66.7% of treated 
patients of an open-label cohort study. In the same 
study, the improvement of clinical responses was at the 
costs of a higher rate of serious adverse events (46.6%), 
mostly haematological ones, in comparison to dual 
antiviral regimens[7]. Antiviral treatment with second-
generation protease inhibitors could have a potential 
impact on the course of HCV-associated symptomatic 
MC, due to an improved tolerability profile and high 
efficacy. Preliminary clinical experience with sofosbuvir 
in dual or triple antiviral regimens for symptomatic MC 
highlighted the need for longer treatment durations (> 

12 wk), especially in the background of advanced liver 
fibrosis, in order to obtain clearance of cryoglobulins and 
long-lasting clinical remission[8,9].

In severe MC vasculitis with advanced renal and 
liver involvement, the addition of immune-modulating 
agents is crucial for targeting the B-cell clonal autoim
mune responses and clonal expansions in the blood and 
liver. Rituximab, an anti-CD20 monoclonal antibody, 
proved to be safe and superior to conventional immuno
suppressive agents (glucocorticoids, azathioprine or 
cyclophosphamide) in the treatment of severe HCV-
associated MC vasculitis[10]. Rituximab has been used 
successfully in monotherapy, or in combination or 
sequential treatment strategies with Peg-IFN-alpha/
ribavirin, optimizing treatment outcomes in patients 
with severe MC disease[11,12]. Symptomatic moderate-
to severe MC thus identifies a distinct subset of difficult-
to treat HCV patients, who require a tailored treatment 
approach, combining new generation antivirals and 
immune-modulating agents. Furthermore, symptomatic 
MC patients are at increased risk of haematological 
adverse events during IFN-based regimens and could 
clearly profit from new all-oral treatment strategies. 
Considering the under-representation of these patients 
in registrative trials there is a need for large, prospective, 
multi-center studies, assessing the impact of new direct 
acting antivirals on the natural history of HCV-associated 
MC vasculitis syndrome. 

LP 
LP is an inflammatory disorder involving the skin and the 
oro-genital mucous membranes. It is the prototypical 
disease belonging to the spectrum of lichenoid tissue 
reactions (LTRs), which are characterized by an interface-
dermatitis histological pattern, with a T-cell mediated 
autoimmune attack on basal keratinocytes. It can affect 
the skin and its appendages (hair and nails) as well the 
mucosal surfaces of the genitalia, oesophagus, urinary 
tract, high respiratory tract and the eyes, with organ-
specific clinical phenotypes (Figure 1A). Oral lichen planus 
(OLP) (Figure 1B) is the most studied clinical phenotype 
of LP in the setting of chronic HCV infection, with the 
erosive form being the most severe and recurrent clinical 
variant[13]. 

The association between LP and chronic HCV infec
tion has been described in several epidemiological 
studies, with conflicting results depending on study 
design and country-specific prevalence of HCV burden. 
In hyperendemic regions such as Egypt, Japan and 
Southern Europe the rate of association can be as high as 
35%, whereas it can decline to 0.5% in the low-incidence 
countries of Northern Europe. Two recent meta-analysis 
of published studies support the association between 
chronic HCV infection and LP. Patients with LP have a 
five-fold greater risk of HCV-infection (OR 5.4; 95%CI: 
3.5-8.3) compared to control subjects. Conversely, 
the odds ratio for a diagnosis of LP among patients 
with HCV is 2.5 (95%CI: 2.0-3.1)[14]. This association 
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Table 1  Classification of cutaneous extrahepatic manifestations 
of chronic hepatitis C virus infection

Cutaneous conditions with defined epidemiological and/or 
pathogenetic association 
   Mixed cryoglobulinemia
   Lichen planus
   Porphyria cutanea tarda
Cutaneous conditions with possible association 
   Pruritus (prurigo nodularis/lichen simplex cronicus)
   Necrolytic acral erythema
Cutaneous conditions with anecdotal association
   Psoriasis
   Chronic urticaria
   Vitiligo
   Erythema multiforme
   Erythema nodosum
   Pyoderma gangrenosum
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inducing a cellular immune response directed against 
HCV antigens and basal cell epithelial damage. The 
presence of HCV-RNA in mucosal and cutaneous lesions 
has been demonstrated by polymerase chain reaction-
based techniques in several studies, suggesting a tissue-
compartmentalization of HCV, albeit with low levels of 
viral replication. Other studies did not replicate these 
findings[19,20]. 

Pilli et al[21] further demonstrated the presence of 
HCV-antigen specific CD4 and CD8 T-cells in the lesional 
cell-infiltrate of HCV+ OLP patients, with higher frequency 
and IFN-gamma production than the clones in the peri
pheral blood. Whether the cytotoxic T-cell response may 
be directed against viral antigens presented by basal 
keratinocytes or simply induced by the local Th1-biased 
cytokine milieu is still under debate. 

In HCV-infected patients, mucosal LP more fre
quently runs a chronic persistent course, with higher 
prevalence of erosive-ulcerative lesions and exten
sive disease, compared to non-infected LP patients. 
Treatment outcomes in patients with OLP associated 
with chronic HCV infection are often unsatisfactory 
compared to patients suffering from idiopathic disease. 
In addition, the evolution of oral lesions is often fluctua
ting, with repeated periods of relapse according to the 
degree of liver function decompensation, although 
some authors have found no correlation between the 
severity of LP disease and HCV-viral load or liver disease 
parameters[22,23]. IFN-based treatment regimens may 
negatively influence established LP or induce the onset 

proved to be not significant in the isolated cutaneous LP 
subtype. In summary, the variability in the association 
between HCV and LP can only be partially explained by 
a geographic effect and differences in study design, with 
genetic factors (HLA-DR-associations), age and IFN-
based treatments also playing a role. Several authors 
agree to routinely check for HCV infection in patients with 
a clinically and histologically-confirmed diagnosis of LP 
disease[15,16]. 

The current pathogenetic hypothesis regard LP 
as a T-cell mediated autoimmune reaction to a viral 
protein or to a self-epitope shared by the virus and 
presented by basal keratinocytes, which are attacked 
by cytotoxic CD8+ T cells. The immune dysregulation in 
LTRs is characterized by the subepithelial infiltration of 
CD8+ cytotoxic T-cells, natural killer-cells, myeloid and 
plasmocytoid dendritic cells releasing Th1-cytokines, 
such as tumor necrosis factor (TNF)-alpha and IFN-
gamma[17]. Type-Ⅰ IFNs (IFN-alpha and beta), produced 
by plasmocytoid dendritic cells, promote the epithelial 
expression of MxA protein and the recruitment of 
cytotoxic T-lymphocytes via CXCR-3/IP-10 CXCL-10 
interactions. This cellular immune reaction pattern is 
common to many disease states, such as viral infections 
and cutaneous lupus erythematosus. Supposed trigger 
factors of lichenoid inflammation are viral antigens, 
cross-reactive autoantigens or xenobiotics (drugs, 
chemicals), which are presented by basal keratinocytes 
to immune cells[18]. Experimental data strongly suggest 
that HCV may be involved in the pathogenesis of OLP, 

BA
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Figure 1  Cutaneous extra-hepatic manifestations of chronic hepatitis C virus infection. A: Cutaneous Lichen planus with inflammatory hyperpigmentation and 
cicatricial alopecia; B: Erosive oral lichen planus; C: Porphyria cutanea tarda, with typical involvement of sun-exposed acral skin; D: Chronic pruritus with secondary 
nodular scratch lesions, or prurigo nodularis.
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of lichenoid lesions, as type-Ⅰ IFNs are a major driver of 
lichenoid inflammation[24]. Accordingly, there is a relative 
contraindication for IFN-based antiviral treatment in 
patients with concomitant LP and chronic-active HCV 
infection. 

In this patient subset, a new therapeutic strategy 
with IFN-free regimens (Sofosbuvir, Simeprevir and/or 
Daclatasvir according to genotype) should be taken into 
account, optimizing treatment outcomes for both liver 
and extra-hepatic involvement. As yet, there are no 
published reports on the impact of IFN-free regimens 
on the clinical course of LP. 

In patients with stable liver disease and symptomatic 
muco-cutaneous LP, treatment should be aimed at 
suppressing lichenoid-tissue inflammation with immune-
modulating agents, while reducing the risk of HCV 
replication or liver-toxicity. Treatment of LP is based 
on a step-wise approach with the use of topical and/or 
systemic immune-modulating agents, depending on 
disease’s course (acute vs chronic), extent (localized vs 
multifocal disease) and impact on patient’s quality of 
life[25]. Systemic treatment of LP should be restricted to 
severe mucosal or generalized-cutaneous disease, and 
includes different drugs, such as retinoids (acitretin), 
steroids and immunosuppressive agents (methotrexate, 
cyclosporine), albeit with a lack of high-quality evidence 
and clinical guidelines[26]. In HCV-infected patients, 
systemic treatment of LP needs to be tailored on a case-
by case basis, with strict monitoring of liver-function 
and HCV-replication parameters. As systemic steroids 
carry a substantial risk of reactivating HVC replication, 
treatment with alternative systemic agents should be 
preferred. Cyclosporine A has been successfully used 
for the treatment of severe, mucosal LP and its safety 
in HCV-infected patients has been reported in the 
setting of transplantation and autoimmune diseases[27]. 
Moreover, in patients with chronic-active HCV infection 
and concomitant, severe LP the combination of new 
DAAs and cyclosporine A is possible, with a lower risk of 
drug interactions compared to first-generation protease-
inhibitors[28].

PCT AND LIVER DISEASE
PCT comprise a group of diseases resulting from an 
inherited or acquired dysfunction of the uroporphy
rinogen decarboxylase enzyme (UROD). PCT is the 
most frequently occurring type of non-acute porphyria. 
The acquired, sporadic form of PCT (type Ⅰ) occur in 
predisposed individuals with deficient activity of the 
enzyme in the liver, which is triggered by the exposure 
to liver toxins (hepatotoxic aromatic hydrocarbons), 
drugs (alcohol, estrogens), cigarette smoking, dyalisis 
and hepatopatic viruses, with HCV at the forefront[29]. 

The epidemiological association of PCT with HCV 
infection is strong, with increasing rates from Northern 
Europe, Australia and England (20%) to Southern Europe 
(70%-90%). When adjusting for geographical variation 
and variability in study designs the association between 

PCT and HCV remains significant, with a reported 50% 
mean HCV prevalence in PCT patients[30]. Screening for 
HCV infection and a comprehensive assessment of liver-
function is therefore mandatory in the diagnostic workup 
of PCT. On the other hand, in patients with active HCV-
related hepatic disease routine testing for porphyrin 
metabolism is not recommended, as there is only a 5% 
reported prevalence of preclinical or overt PCT in the HCV 
infected patient population[31]. Iron overload (hepatic 
siderosis) is a critical pathogenetic event, disrupting the 
enzymatic activity of UROD by inducing the formation of 
an intracellular inhibitor, probably derived from hydroxy
methylbilane and/or uroporphyrinogen. 

HCV infection is an important trigger of PCT, interac
ting with other hepatotoxic and genetic susceptibility 
factors, usually preceding the clinical expression of PCT. 
HCV increases the production of reactive oxygen species, 
leading to hepatic down-regulation of hepcidin, the key 
regulator of iron absorption and metabolism[32]. This 
contributes to iron overload in conjunction with other 
factors, such as genetic predisposition, further decreasing 
the activity of UROD below the critical threshold for 
deranged porphyrin metabolism[33]. 

The clinical aspects of PCT are characterized by 
typical cutaneous lesions (vesicles, bullae, erosions and 
crusting) developing in sun-exposed areas, resulting in 
scarring, milia and mottled hypo-/hyper-pigmentation 
(Figure 1C). Other diagnostic clues are photosensi
tivity, skin fragility, facial hypertrichosis and late-stage 
sclerodermoid plaques. Laboratory investigations are 
necessary for diagnosis and differentiation with other 
cutaneous porphyrias, as previously reviewed. There 
are no significant differences in the clinical presentation 
of PCT between HCV positive and HCV-negative cases, 
but the former present more advanced histological 
and biochemical liver disease. Genetic studies have 
described in PCT patients the importance of the mutation 
profile in the HFE-gene, which is linked to hereditary 
hemochromatosis. Up to two-thirds of PCT patients 
carries a mutation of the HFE gene (H63D or C282Y 
mutations), and heterozygous carriers are at a higher 
risk of progression to severe liver disease and fibrosis. 
HFE-genotyping is clinically relevant since PCT patients 
with homozygosity for C282Y mutation do not respond 
to chloroquine and should be preferentially treated with 
phlebotomy[34]. In a Spanish study, the same mutation 
was significantly associated with HCV-negative PCT 
patients, which presented hepatic siderosis. The H63D 
mutation was reportedly more frequent in HCV+ PCT 
patients, with milder defects in iron haemostasis[35]. 

Standard of care for PCT includes photoprotection, 
anti-malarial drugs (chloroquine) and phlebotomy, 
the latter to reduce hepatic iron stores. In the setting 
of chronic HCV infection, effective antiviral treatment 
may potentially improve clinical and laboratoristic 
manifestations of PCT, especially when preceded by 
therapeutic phlebotomy. Since iron is also involved in the 
progression of HCV-relate liver disease, depletion of iron 
stores by phlebotomy can improve both conditions. In a 
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clinical study with IFN-based regimens, the presence of 
PCT was independently associated with an insufficient 
virological response[36]. Consequently, effective manage
ment of PCT and iron-reduction should precede antiviral 
therapy, as phlebotomy proved beneficial for treatment 
outcomes of IFN-based regimens[37]. On the other hand, 
occurrence of new-onset PCT has been reported in some 
cases during IFN/ribavirin therapy[38]. Indeed, ribavirin 
is known to induce haemolytic anemia, which further 
aggravates liver iron excess and progression to clinically 
manifest PCT in predisposed individuals. For this reason, 
studies addressing the role of new triple of quadruple-
antiviral drug regimens in PCT + HCV+ patients in 
combination with iron-reduction therapy are warranted. 
In conclusion, PCT + HCV+ patients should undergo a 
comprehensive assessment of iron metabolism, here
ditary hemochromatosis, HFE-gene mutations and 
evaluate exposure to hepatotoxic trigger factors in order 
to optimize therapeutic management. 

PSORIASIS  
Psoriasis is a common, chronic, immune-mediated 
inflammatory disease which affects the skin (plaque 
psoriasis) and/or joints (psoriatic arthritis). As other 
immune-mediated disorders, such as rheumatoid 
arthritis and IBDs, psoriasis results from the complex 
interplay between genetic factors and environmental 
triggers and has been recently linked to the metabolic 
syndrome. Moderate-to severe psoriasis and psoriatic 
arthritis are associated with substantial systemic 
inflammation and both conditions are driven by the 
overproduction of Th1-Th17 cytokines [TNF-alpha, IFN-
gamma, interleukin (IL)-17, IL-12/23][39]. Chronic HCV 
infection and related liver disease represent one of the 
many comorbidities affecting psoriasis patients, thus 
representing a challenge for its clinical management. 
The epidemiological association between psoriasis and 
chronic HCV infection has been described mainly by 
hospital-based clinical studies and observational studies 
in countries with a heterogeneous burden of HCV and 
psoriatic disease. An increased risk of HCV infection 
among patient with moderate-to severe psoriasis and 
psoriatic arthritis has been reported in Taiwan, Japan 
and Italy, independently of exposure to interferon-based 
antiviral regimens, which are a well-known trigger of 
psoriasis[40-43]. Other observational studies from Italy 
and the United States did not confirm these findings, 
probably due different study-designs and limited 
sample of psoriatic patients[44,45]. Recently, a large case-
control study further supported the association between 
psoriasis and HCV infection, reporting a significant odds-
ratio of 1.75 (95%CI: 1.37-2.25) in the multivariate 
analysis. In the same study there is a significant inter
action with smoking, a risk factor common to both 
psoriasis and progression of HCV-related liver disease[46]. 
Interestingly, in two hospital-based studies Imafuku et 
al[47] described a distinct patient subset with psoriasis 
and associated chronic HCV infection. These HCV-

infected patients present a de-novo onset of psoriasis 
in higher age, with a significantly lower BMI, compared 
to HCV negative psoriatic controls, while maintaining 
a positive correlation with diabetes and hypertension. 
This evidence supports the role of HCV infection as 
a trigger factor for psoriatic disease in genetically 
predisposed individuals[47]. A potential confounding 
factor in these studies is the increased monitoring and 
screening procedures related to moderate-to severe 
psoriasis, a condition increasingly treated with a wide 
array of systemic immunomodulating agents. This 
could account for an increased HCV detection rate in 
these patients, which are additionally exposed to a 
significant risk of nonalcoholic fatty liver disease and 
to potential hepatotoxic drugs, such as methotrexate 
and retinoids. Thus, additional prospective studies are 
warranted in order to support the role of psoriasis as a 
true extrahepatic manifestation of chronic HCV infection 
and to evaluate the course of psoriatic disease after 
effective and sustained antiviral response. Screening for 
HBV and HCV infection is routinely performed before 
initiating systemic treatment of psoriasis, as a chronic 
active infection can have a clinical impact on treatment 
selection[48]. As yet there are no comprehensive and 
definitive recommendations addressing the issue of 
universal screening for HCV infection in the general 
psoriasis population. Treatment with immunomodulating 
drugs, such as TNF-alpha antagonists (etanercept, 
adalimumab, infliximab), has proved safe and effective 
in controlling psoriatic disease in HCV-positive patients, 
as reported in several case-series[49]. Furthermore, the 
risk of HCV reactivation in patients exposed to TNF-alpha 
inhibition was considered to be low, as only three cases 
of HCV-related liver disease occurred in a total of 216 
exposed patients[50]. There is a need for long-term data 
on the safety of the new biologic agents, with TNF-alpha 
antagonists and IL-23/12 blockers, in the treatment of 
moderate-severe plaque psoriasis and psoriatic arthritis 
with concomitant HCV infection.

PRURITUS AND PRURITIC ERUPTIONS IN 
CHRONIC HCV INFECTION
Pruritus is a common symptom of hepatic diseases, 
mainly linked to chronic cholestatic disorders (primary 
biliary cirrhosis, primary sclerosing cholangitis), where 
it can run a chronic (> 6 wk duration) and refractory 
course. Although frequently overlooked by clinicians, 
in chronic HCV infection pruritus represent the most 
common extra-hepatic cutaneous manifestation, affect
ing up to 15% of patients in a large cohort study. 

Proper clinical assessment of pruritus in HCV infection 
is important, as this can be an early, acute and transient 
symptom of a recent infection or a persistent mani
festation of chronic HCV infection, possibly responding 
to effective antiviral treatment. Chronic pruritus (CP) 
is now defined as persisting more than 6 wk, involving 
primarily-diseased, non-inflamed or secondarily diseased 
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skin. CP is increasingly being recognized as the skin 
equivalent of pain, because it is associated with a 
significant impairment of quality of life and is frequently 
treatment-resistant[51]. In the setting of chronic HCV 
infection patients present mainly with two clinical 
pictures, either with generalized pruritus on apparently 
non-diseases (normal) skin, or pruritus associated 
with secondary scratch lesions (papules, nodules, 
excoriations, lichenification). Chronic scratch lesions 
are typical of prurigo nodularis (Figure 1D) and lichen 
simplex cronicus, both pruritic conditions significantly 
associated with an increased prevalence of HCV infection 
in case-control studies[52,53]. In the presence of primary, 
inflammatory skin changes, pruritus is related to a 
cutaneous disease, such as psoriasis, LP and urticaria, 
which are frequently observed in HCV infected patients. 
Despite the paucity of data on the clinical course reported 
in previous studies, pruritus associated with chronic HCV 
infection may recognize multiple pathogenetic factors[54]. 
Dry-skin (xerosis) and skin barrier defects, alterations of 
peripheral pruriception due to neuropeptide imbalance 
and concomitant cholestasis can all contribute to the 
genesis of chronic pruritus in HCV infected patients. 

Recently the role of autotaxin (lysophospholipase 
D) and its product lysophosphatidic acid has been 
discovered in the pathogenesis of pruritus linked to 
cholestatic liver disease. Patient with cholestatic pruritus 
present high serum levels of lysophosphatidic acid, 
a potent neuronal activator, and increased autotaxin 
activity. Serum autotaxin activity showed a significant 
correlation to itch intensity, both diminishing after 
effective therapeutic interventions[55]. Furthermore, both 
autotaxin activity and lysophosphatidic acid are increased 
in chronic HCV infection, showing a strong correlation 
with liver cirrhosis stage, related complications and 
prognosis[56]. Further studies should address the role 
of autotaxin serum activity and lysophosphatidic acid 
as mediators linking HCV-related liver fibrosis and non-
cholestatic pruritus.

During active antiviral treatment, new-onset of 
localized or generalized pruritus associated with primary 
skin lesions has to be carefully approached by the 
clinician, in order to differentiate dermatological adverse 
events from true extra-hepatic skin manifestations. 
Traditional treatment with IFN and ribavirin can induce 
pruritic skin eruption in 8%-10% of HCV-patients, as 
well as elicit pre-existent pruritic skin diseases, such 
as eczema and psoriasis[57]. First generation protease 
inhibitors, telaprevir and boceprevir, have also been 
increasingly associated (41%-61% rate) with adverse 
cutaneous drug reactions, most commonly grade 1-2 
pruritic eczematous eruptions. Telaprevir-associated 
dermatitis occur more frequently (56% vs 34%) in 
comparison to IFN/ribavirin treated patients, and is 
constantly associated with pruritus (95% of cases) and 
secondary lesions (xerosis, excoriations and licheni
fication)[58]. In the case of progressive (grade 2) or 
severe-generalized (grade 3) pruritic skin eruption 
treatment telaprevir needs to be discontinued. The risk 

of severe cutaneous drug reactions, namely Stevens-
Johnson Syndrome and Drug Reaction with Eosinophilia 
and Systemic Symptoms, has been reported in 
telaprevir-treated patients and early diagnostic signs 
(cutaneous pain, mucous membrane involvement, 
systemic inflammation) should be promptly detected[59]. 
Cutaneous adverse reactions represent an emerging 
issue of dual-and triple antiviral combination therapies 
and require effective recognition and management, in 
order to ensure adherence to antiviral treatment. 

CONCLUSION
HCV infection is one of the main cause of chronic liver 
disease worldwide[60]. In the last decades clinical support 
for patients with chronic HCV infection has advanced 
rapidly due to the enhanced understanding of the patho
physiology of the disease and the improvements in 
therapy and prevention. Unfortunately, HCV infection 
is not limited to the hepatic involvement but it may 
lead to extra-hepatic diseases as well, in particular 
dermatological and mucocutaneous manifestations. In 
addition, dermatological adverse events are a potential 
concern during classic (IFN-based) and “new” (DAAs) 
anti-viral treatment. For this reason a throughout 
knowledge of cEHMs is mandatory for HCV-treating 
physicians, in order to deal with both hepatic and extra-
hepatic diseases and to correctly address dermatological 
side effects during treatment. Skin disease which are 
certainly related with chronic HCV infection due to a 
strong epidemiological and pathogenetic association 
are MC, LP and PCT. Necrolytic acral erythema and CP 
are conditions that may share a possible association 
with HCV infection, while several immune-mediated 
inflammatory skin conditions, such as chronic urticaria 
and vitiligo, have been only anecdotally reported in 
the setting of chronic HCV infection. Psoriasis has been 
recently associated with chronic HCV-infection and 
notably both conditions share a common background of 
TNF-alpha based chronic systemic inflammation. Some 
of these conditions may complicate the clinical scenario 
of HCV infection, thus resulting in difficult-to treat 
patients, who may require a tailored antiviral regimen as 
well as multidisciplinary care. This is why the upcoming 
of new direct acting antivirals will help boost interest in 
extra-hepatic manifestations of HCV infection. Anyhow 
these new treatment regimens have to be tested in 
real-life clinical scenarios, such as patient subsets with 
advanced fibrotic disease and/or substantial comorbidity. 
It is possible but yet unproven that the more effective 
and rapid antiviral response observed with new IFN-free 
antiviral regimens will improve outcome in these clinical 
settings, especially when HCV infection is burdened by 
extra-hepatic manifestations.
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Abstract 
AIM: To evaluate the efficacy of vitamin E treatment on 
liver stiffness in nonalcoholic fatty liver disease (NAFLD).

METHODS: Thirty-eight NAFLD patients were admini
stered vitamin E for > 1 year. The doses of vitamin E 
were 150, 300, or 600 mg; three times per day after 
each meal. Responses were assessed by liver enzyme 
levels [aspartate aminotransferase (AST), alanine 
aminotranferease (ALT), and γ-glutamyl transpeptidase 
(γ-GTP)], noninvasive scoring systems of hepatic 
fibrosis-4 [FIB-4 index and aspartate aminotransferase-
to-platelet index (APRI)], and liver stiffness [velocity of 
shear wave (Vs)] measured by acoustic radiation force 
impulse elastography. Vs measurements were performed 
at baseline and 12 mo after baseline. The patients were 
genotyped for the patatin-like phospholipase domain 
containing 3 (PNPLA3) polymorphisms and then divided 
into either the CC/CG or GG group to examine each 
group’s responses to vitamin E treatment. 

RESULTS: We found marked differences in the platelet 
count, serum albumin levels, alkaline phosphatase 
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levels, FIB-4 index, APRI, and Vs at baseline depending 
on the PNPLA3  polymorphism. AST, ALT, and γ-GTP 
levels (all P  < 0.001); FIB-4 index (P  = 0.035); APRI (P  
< 0.001); and Vs (P  < 0.001) significantly decreased 
from baseline to 12 mo in the analysis of all patients. 
In the subset analyses of PNPLA3  genotypes, AST 
levels (P  = 0.011), ALT levels (P  < 0.001), γ-GTP levels 
(P  = 0.005), APRI (P  = 0.036), and Vs (P  = 0.029) in 
genotype GG patients significantly improved, and AST 
and ALT levels (both P  < 0.001), γ-GTP levels (P  = 
0.003), FIB-4 index (P  = 0.017), and APRI (P  < 0.001) 
in genotype CC/CG patients. 

CONCLUSION: One year of vitamin E treatment 
improved noninvasive fibrosis scores and liver stiffness 
in NAFLD patients. The responses were similar between 
different PNPLA3 genotypes. 

Key words: Vitamin E; Acoustic radiation force impulse; 
Nonalcoholic fatty liver disease; Velocity of shear wave; 
Patatin-like phospholipase domain containing 3

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Responses to vitamin E treatment in non
alcoholic fatty liver disease patients were assessed by 
noninvasive scoring systems of hepatic fibrosis, and 
liver stiffness (velocity of shear wave) was measured 
by acoustic radiation force impulse elastography. 
Vitamin E treatment for 1 year improved not only liver 
enzyme levels but also noninvasive fibrosis scores and 
liver stiffness. Subsequently, the patients were divided 
into two groups according to patatin-like phospholipase 
domain containing 3 (PNPLA3) genotype (CC/CG or GG) 
to examine whether either group responded differently 
to the treatment. The responses were similar between 
different PNPLA3 genotypes. 

Fukui A, Kawabe N, Hashimoto S, Murao M, Nakano T, 
Shimazaki H, Kan T, Nakaoka K, Ohki M, Takagawa Y, 
Takamura T, Kamei H, Yoshioka K. Vitamin E reduces liver 
stiffness in nonalcoholic fatty liver disease. World J Hepatol 
2015; 7(27): 2749-2756  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i27/2749.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i27.2749

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common 
liver disease[1], and nonalcoholic steatohepatitis (NASH) 
characterized by steatosis with necroinflammation and 
eventual fibrosis[2] can lead to end-stage cirrhosis and 
hepatocellular carcinoma[3].

Although there are no generally approved treatments 
for NASH, several treatment options have demonstrated 
efficacy in various clinical trials. Statins[4-7], insulin 
sensitizers such as thiazolidinediones[8,9], and metfor

min[10] are effective for the treatment of NAFLD[11]. 
Oxidative stress plays a central role in the transition from 
simple steatosis to NASH[12]. An effective therapeutic 
strategy is to target reduction in oxidative stress using, 
for example, administration of vitamin E. A recent trial 
has provided substantial evidence for the previously 
suggested efficacy of vitamin E in inducing histological 
improvement of NASH[13].

Evaluation of liver fibrosis is essential in chronic 
liver diseases because the prognosis of the diseases 
and the treatment decisions often depend on fibrosis. 
Liver biopsy is still considered the gold standard for 
liver fibrosis assessment, despite being an invasive 
method and not completely risk free[14]. In recent years, 
noninvasive methods, aimed at replacing liver biopsy, 
have been developed for the evaluation of liver fibrosis. 
Development of noninvasive tools will enable monitoring 
of the disease progression and response to therapy. 
Velocity of shear wave (Vs) measured by acoustic 
radiation force impulse (ARFI) has been reported to be a 
good method for assessing the stage of liver fibrosis[15,16]. 
Vs has been reported to be useful in diagnosing 
NAFLD[17-19].

The single-nucleotide polymorphism rs738409 (C > 
G) in the patatin-like phospholipase domain containing 
3 (PNPLA3) was strongly associated with increased 
hepatic fat levels and with hepatic inflammation in 
NAFLD patients[20-23]. However, the effect of the PNPLA3 
polymorphisms on the response to treatment has not 
been reported.

The aims of this study were to evaluate the efficacy of 
vitamin E treatment for NAFLD by noninvasive methods 
and to assess the association between the treatment 
response and the PNPLA3 polymorphism present. 

MATERIALS AND METHODS
Patients 
Vitamin E was administered for > 1 year to 38 patients 
with NAFLD as treatments for atherosclerosis, diabetic 
retinopathy, or prevention of lipid peroxidation from 
January 2011 to July 2015. The patients showed no 
improvement in aminotransferase levels following lifestyle 
modification such as dietary modification and exercise 
before beginning vitamin E treatment. Their clinical data 
were retrospectively studied (Table 1). The diagnosis of 
NAFLD was confirmed by liver biopsy in 10 patients, by 
ultrasonic examination in 23 patients, and by presence 
of cirrhosis with no obvious etiology and with metabolic 
risk factors such as obesity and metabolic syndrome 
in 5 patients[11]. None of the patients consumed > 40 
g of alcohol per day. The patients who increased the 
dose of or started other medicines for NAFLD, such as 
pioglitazone, metformin, ursodeoxycholic acid, statins, 
ezetimibe, or angiotensin 2 receptor antagonist, during 
the study period were excluded from this study. 

Vitamin E administration 
The total doses of 150, 300 or 600 mg vitamin E were 
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orally given into 3 administrations per day after each 
meal for > 1 year: 150 mg for 2 patients, 300 mg for 4 
patients, or 600 mg for 32 patients (100 mg is equivalent 
to 100 IU; Eisai Pharmaceutical Co., Tokyo, Japan). In 
the American Association for the Study of Liver Diseases 
practice guideline, vitamin E was recommended to be 
administered to nondiabetic adults with biopsy-proven 
NASH at a daily dose of 800 IU[11]. However, the dosage 
of vitamin E accepted by health insurance in Japan is 
150-300 mg for atherosclerosis or diabetic retinopathy, 
and 300-600 mg for prevention of lipid peroxidation. 

Laboratory data and noninvasive scoring systems
Laboratory data were collected at three time points: 
at baseline (beginning of vitamin E administration), 
6 and 12 mo after baseline. Two noninvasive scoring 
systems of hepatic fibrosis, the fibrosis-4 (FIB-4) index 

and the aspartate aminotransferase-to-platelet index 
(APRI), were calculated from the measurements using 
the originally reported formulas[24,25]. The APRI formula 
was aspartate aminotransferase (AST) level (U/L)/AST 
(upper limit of normal; U/L)/platelet (109/L) × 100 and 
the FIB-4 score formula was age (years) × AST level 
(U/L)/platelet (109/L) × [alanine aminotranferease 
(ALT)]1/2 (U/L). These noninvasive scoring systems were 
used at each of the time points.

Vs measurement by ARFI elastography
Vs measurement by ARFI elastography was performed 
at baseline and 12 mo after baseline using a Siemens 
ACUSON S2000 (Siemens Medical Systems Co., Ltd., 
Tokyo, Japan). The examination was performed on the 
right lobe of the liver. A measurement depth of 2-3 
cm below the liver capsule was chosen. Ten successful 
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Table 1  Clinical characteristics and laboratory values of the patients at baseline 

All patients PNPLA3 genotype P  value

CC/CG GG PNPLA3 CC/CG vs  GG
No. of subjects 38 19 19
Sex (male/female) 10/28 6/13     4/15 0.461
Age (yr)     62.0 ± 11.6   58.4 ± 11.9     65.6 ± 10.1 0.061
Height (cm) 156.6 ± 9.9 158.7 ± 11.3 154.4 ± 7.6 0.226
Body weight (kg)     68.2 ± 14.9   69.7 ± 16.1     66.7 ± 13.5 0.685
Body mass index (kg/m2)   27.9 ± 4.7 27.7 ± 4.0   28.0 ± 5.3 0.988
Classification of NAFLD
   Fatty liver confirmed by an imaging examination 23 13 10 0.347
   NASH confirmed by a liver biopsy   9   5   4
   Nonviral liver cirrhosis diagnosed clinically   5   1   4
   Burn-out NASH confirmed by a liver biopsy   1   0   1
Child-Pugh grade of cirrhotic patients (A/B/C)     4/2/0   1/0/0       3/2/0 0.439
Concurrent diabetes mellitus (+/-) 15/23 5/14 10/9 0.097
Concurrent hepatocellular cancer (+/-) 0/38 0/19     0/19 -
Dosage of vitamin E (150 mg/300 mg/600 mg)       2/4/32      2/1/16          0/3/16 0.223
Concurrent medication
   Pioglitazone   3   2   1 0.547
   Metformin   2   2   0 0.146
   Ursodeoxycholic acid 27 14 13 0.721
   HMG-CoA reductase inhibitor 13   6   7 0.732
   Ezetimibe   7   6   1  0.036a

   Angiotensin receptor 2 antagonist   9   6   3 0.252
Serum biochemical tests
   Platelet count (× 104/μL)   16.7 ± 7.5 19.3 ± 7.1   14.1 ± 6.9  0.046a

   Prothrombin activity (%)     98.5 ± 18.7 104.2 ± 17.6     93.2 ± 18.2 0.061
   Hemoglobin A1c (%)     6.38 ± 1.06   6.26 ± 0.97     6.49 ± 1.14 0.394
   Total protein (g/dL)     7.42 ± 0.52   7.47 ± 0.49     7.36 ± 0.54 0.435
   Serum albumin (g/dL)     4.27 ± 0.39   4.41 ± 0.36     4.14 ± 0.37  0.032a

   Total bilirubin (mg/dL)     0.98 ± 0.50   0.84 ± 0.29     1.11 ± 0.61 0.172
   AST (IU/L)     61.1 ± 29.9   58.2 ± 32.2     64.1 ± 27.2 0.191
   ALT (IU/L)     68.5 ± 41.2   69.9 ± 36.0     67.1 ± 45.7 0.385
   Alkaline phosphatase (IU/L)     312 ± 108 270 ± 85     355 ± 112  0.032a

   γ-GTP (IU/L)     87.4 ± 70.0   72.6 ± 59.1   101.5 ± 76.4 0.142
   Total cholesterol (mg/dL)   185 ± 37 194 ± 43   176 ± 28 0.172
   Triglycerides (mg/dL)   151 ± 85 147 ± 99   156 ± 64 0.351
   Cholinesterase (IU/L)     333 ± 124 353 ± 91     313 ± 147 0.172
Scoring systems of hepatic fibrosis
   FIB-4 index     3.80 ± 2.78   2.61 ± 1.74     4.98 ± 3.10  0.006a

   APRI     1.50 ± 0.94   1.17 ± 0.75     1.84 ± 0.98  0.014a

Velocity of shear wave (m/s)     2.20 ± 0.91   1.81 ± 0.76     2.56 ± 0.89  0.010a

Data are presented as number of patients or means ± SD. Statistical analysis was performed by χ 2 test or Mann-Whitney U test. aP < 0.05. PNPLA3: Patatin-
like phospholipase domain containing 3; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; APRI: Aspartate aminotransferase-
to-platelet ratio index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; γ-GTP: γ-Glutamyltransferase.
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CC/CG group (P = 0.046, and P = 0.032, respectively). 
Alkaline phosphatase levels, FIB-4 index, APRI, and Vs 
in the GG group were significantly higher than those 
in the CC/CG group (P = 0.032, P = 0.006, P = 0.014, 
and P = 0.010, respectively). 

Body weight change 
Body weight in all patients did not change from base
line to 12 mo (68.2 ± 14.9 kg and 72.4 ± 16.8 kg, 
respectively). There were no patients who achieved > 7% 
weight loss during study periods.

Effect of vitamin E on serum AST, ALT, and γ-glutamyl 
transpeptidase levels
Serum AST, ALT and γ-glutamyl transpeptidase (γ-GTP) 
levels in all patients significantly decreased from base
line to 6 mo (P < 0.001, P < 0.001, and P = 0.019, 
respectively) and 12 mo (P < 0.001, P < 0.001, and 
P < 0.001, respectively). Those in the CC/CG group 
also significantly decreased from baseline to 6 mo (P = 
0.004, P = 0.022, and P = 0.047, respectively) and 12 
mo (P < 0.001, P < 0.001, and P = 0.003, respectively). 
Serum AST and ALT levels in the GG group significantly 
decreased from baseline to 6 mo (P = 0.045, and P = 
0.004, respectively) and 12 mo (P = 0.011, and P < 
0.001, respectively), and serum γ-GTP levels in the GG 
group significantly decreased from baseline to 12 mo (P 
= 0.005) (Figure 2).

Effect of vitamin E on the FIB-4 index
The FIB-4 index in all patients significantly decreased 
from baseline to 6 and 12 mo (P = 0.015 and P = 0.035, 
respectively). FIB-4 index in the CC/CG group also 
significantly decreased from baseline to 6 and 12 mo 
(P = 0.014 and P = 0.017, respectively). On the other 
hand, the FIB-4 index did not change in the GG group 
(Figure 3A).

Effect of vitamin E on APRI
APRI in all patients significantly decreased from 
baseline to 6 and 12 mo (P < 0.001 and P < 0.001, 
respectively). APRI in the CC/CG group significantly 
decreased from baseline to 6 and 12 mo (P = 0.004 
and P < 0.001, respectively). APRI in the GG group also 
significantly decreased from baseline to 6 and 12 mo (P 
= 0.028 and P = 0.036, respectively; Figure 3B).

Effect of vitamin E on Vs
Vs in all patients decreased from baseline to 12 mo 
(P = 0.005). Vs in the GG group also decreased from 
baseline to 12 mo (P = 0.029), and Vs in the CC/CG 
group also tended to decrease; however, the decrease 
was not significant (Figure 4).

DISCUSSION
The present study showed that a 1-year treatment 
of vitamin E improved not only laboratory values but 

acquisitions at different locations were performed on 
each patient, and the results are expressed as median 
values in m/s. Vs is considered to be proportional to the 
square root of tissue elasticity. Histological improvement 
was not examined because sequential liver biopsy was 
not performed.

PNPLA3 rs738409 genotyping
Genomic DNA was extracted from whole blood samples 
using QIA amp DNA Mini Kits (Qiagen, Tokyo, Japan), 
according to the manufacturer’s protocol. The rs738409 
PNPLA3 SNP was genotyped using TaqMan predesigned 
SNP genotyping assays (Applied Biosystems, Tokyo, 
Japan), according to the manufacturer’s protocol. The 
patients were divided into two groups by PNPLA3 
genotype (CC/CG vs GG) to examine the different 
responses to vitamin E in each group (Figure 1).

Statistical analysis 
Differences in the two groups in terms of clinical cha
racteristics and laboratory values at baseline were 
analyzed using either the χ 2 test or the Mann-Whitney 
U test. Differences between the laboratory values 
obtained at three time points were analyzed using the 
Freedman test. Differences between the laboratory 
values obtained at two time points were analyzed using 
Wilcoxon’s signed-rank test with Bonferroni’s correction. 
Differences were judged as significant if the P value 
was < 0.05 (two-tailed). All statistical analyses were 
conducted using SPSS software (SPSS Statistics Version 
22; IBM Co., Armonk, NY). 

RESULTS
Baseline characteristics
Seven obese patients included in this study exceeded 
their ideal body weight (body mass index was > 32 
kg/m2), and 39.5% of patients had type 2 diabetes 
(Table 1). Platelet counts and serum albumin levels in 
the GG group were significantly lower than those in the 

38 patients with NAFLD were 
administered vitamin E for over 1 yr

38 patients were genotyped SNP rs738409

19 patients with risk allele 
19 with GG homozygous

19 patients with major allele
7 with CC homozygous

12 with CG heterozygosity

Figure 1  Characteristics of patients included in this study. The study 
comprised 38 patients with nonalcoholic fatty liver disease (NAFLD) who 
were administered vitamin E for > 1 year. The patients were genotyped SNP 
rs738409 and divided into two groups by genotype (CC/CG and GG) to 
examine the difference in the response to vitamin E. 
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scoring systems of hepatic fibrosis. aIndicate a difference compared 
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period. FIB-4 index in all patients decreased from baseline to 6 and 12 mo 
(P = 0.015 and P = 0.035, respectively). The FIB-4 index in the CC/CG 
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all patients decreased from baseline to 6 and 12 mo (P < 0.001 and P < 
0.001, respectively). APRI in the CC/CG group decreased from baseline to 
6 and 12 mo (P = 0.004 and P < 0.001, respectively). APRI in the GG group 
also decreased from baseline to 6 and 12 mo (P = 0.028 and P = 0.036, 
respectively). FIB-4: Fibrosis-4; APRI: Aminotransferase-to-platelet index.
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a difference when the results are compared with baseline values (P < 
0.05). A: Evolution of AST during the study period. Serum AST levels in all 
patients decreased from baseline to 6 and 12 mo (P < 0.001 and P < 0.001, 
respectively). Serum AST levels in the CC/CG group decreased from baseline 
to 6 and 12 mo (P = 0.004 and P < 0.001, respectively). Serum AST levels in 
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ALT levels in all patients decreased from baseline to 6 and 12 mo (P < 0.001 
and P < 0.001, respectively). Serum ALT levels in the CC/CG group decreased 
from baseline to 6 and 12 mo (P = 0.022 and P < 0.001, respectively). Serum 
ALT levels in the GG group also decreased from baseline to 6 and 12 mo (P 
= 0.004 and P < 0.001, respectively); C: Evolution of γ-GTP during the study 
period. Serum γ-GTP levels in all patients decreased from baseline to 6 and 
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0.003, respectively). Those in the GG group decreased from baseline to 12 mo 
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also the noninvasive scores related to hepatic fibrosis 
and liver stiffness in NAFLD patients. The treatment 
responses are similar between different PNPLA3 geno
types.

In general, lifestyle modification should be the first 
line of treatment in patients with NAFLD, and it was 
reported that weight reduction greater than 7% achieved 
through lifestyle intervention improves aminotransferase 
levels and liver histology[26]. Because the weight of 
patients in the present study did not change during the 
study period, it was assumed that the outcomes were 
not affected by weight loss. 

Recently, a large, multicenter randomized controlled 
trial was conducted by the NASH Clinical Research 
Network to evaluate the efficacy of vitamin E treatment 
for amelioration of NASH in adults [pioglitazone, vitamin
E, or placebo for nonalcoholic steatohepatitis (PIVENS)][13].
This trial reported that serum AST, ALT, and γ-GTP levels 
in the vitamin E group decreased compared with the 
placebo group and that the changes occurred in the first 
24 wk and were sustained throughout the study period. 
In our study, the changes occurred 6 mo after baseline, 
which was consistent with the PIVENS study. 

Liver biopsy is regarded as the gold standard in the 
assessment of patients with NAFLD/NASH. However, 
liver biopsy is an invasive procedure with potential com
plications, and sampling error can result in substantial 
misdiagnosis and staging inaccuracies. Recently, several 
indices have been developed for noninvasive tests that 
help to diagnose advanced liver disease. The FIB-4 
index and APRI can easily be used at the bedside or in 
an outpatient setting because of the simple calculation 
of only a few laboratory values. In our study, the FIB-4 
index and APRI markedly decreased from baseline to 
6 and 12 mo. These findings may indicate that the 
administration of vitamin E improved liver fibrosis. 
However, since these scoring systems are calculated 
using ALT, the reduction of the score may be attributed 
to the reduction of hepatic inflammation.

In recent years, several studies have reported the 
usefulness of ARFI elastography for the assessment of 
liver stiffness and a positive correlation between Vs and 
biopsy-proven fibrosis stage in patients with NAFLD[17-19]. 
ARFI elastography has mainly been used in diagnosis[27] 
and there are no reports of it being used for assessment 
of the efficacy of vitamin E treatment in NAFLD patients. 
In our study, Vs markedly decreased from baseline to 
12 mo. In the subset analysis of 32 patients without 
six patients with daily doses of 150 mg and 300 mg of 
vitamin E, Vs markedly decreased from baseline to 12 
mo (P = 0.004). The reduction of Vs probably indicates a 
reduction in liver fibrosis. The PIVENS trial reported that 
the vitamin E group had a reduction in steatosis, lobular 
inflammation, and activity score, whereas fibrosis scores 
did not markedly improve[13]. The fact that ARFI revealed 
a reduction in liver stiffness in the present study despite 
no demonstration of a significant reduction in fibrosis 
by liver biopsies in the PIVENS trial may indicate that 

ARFI is more sensitive than liver biopsies for detecting 
the reduction of fibrosis. There may be possibility that 
the reduction of Vs is attributed to factors other than 
reduction of fibrosis.

Yoneda et al[17] reported that Vs differed between 
groups with different inflammatory activity in 54 patients. 
Fierbinteanu Braticevici et al[19] reported that Vs had a 
positive correlation with inflammation in 64 patients. On 
the other hand, Palmeri et al[18] reported that Vs was 
not associated with inflammation scores in 172 patients. 
Thus, the association between Vs and inflammation is 
still unclear, and further studies are required in this field.

The association between the PNPLA3 polymorphisms 
with not only fatty liver and triglyceride content, but 
also with inflammation and fibrosis in NAFLD has been 
reported[22,28,29]. A meta-analysis reported that GG 
homozygous had a 3.24-fold greater risk of higher 
necroinflammatory scores and a 3.2-fold greater risk 
of developing fibrosis than CC homozygous[29]. In the 
present study, there were some differences at baseline 
depending on the PNPLA3 polymorphism. The platelet 
counts and serum albumin levels were lower, and alka
line phosphatase levels, the FIB-4 index, APRI, and Vs 
were higher in GG patients than in CC/CG patients. Our 
results were consistent with previous reports.

In the subset analyses of PNPLA3 genotypes, AST 
and ALT levels, APRI, and Vs in genotype GG patients 
and AST, ALT, and γ-GTP levels, FIB-4 index, and APRI 
in genotype CC/CG patients improved following vitamin 
E treatment. Vitamin E treatment for 1 year improved 
not only liver enzyme levels but also noninvasive fibrosis 
scores and liver stiffness in NAFLD patients. The res
ponses are similar between different PNPLA3 genotypes.

The most effective dosage of vitamin E is unclear. In 
the PIVENS trial, 800 IU of vitamin E was administered 
per day. However, a previous study reported that patients 
with vascular disease or diabetes mellitus who received 
long-term supplementation with vitamin E (400 IU/d) 
had a higher risk of heart failure and hospitalization for 
heart failure[30]. These results may suggest that we have 
to avoid vitamin E treatment for patients with vascular 
disease or diabetes mellitus. In the present study, no 
patients had heart failure during the observation period.

The present study had several limitations: (1) it was 
a retrospective study; (2) there was no control group; 
(3) the sample size was insufficient to provide significant 
differences in some indicators; and (4) sequential liver 
biopsy was not performed for observing histological 
improvement. The preliminary findings of the present 
study need further verification via a well-controlled, 
prospective study with a sufficiently large sample size to 
confirm the efficacy of vitamin E by noninvasive scoring 
systems of hepatic fibrosis and Vs and differences of 
response according to PNPLA3 polymorphisms.

In conclusion, vitamin E treatment for 1 year impr
oved not only laboratory values but also the noninvasive 
scores of hepatic fibrosis and liver stiffness in NAFLD 
patients. These responses were similar between different 
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PNPLA3 genotypes. 
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COMMENTS
Background
Nonalcoholic fatty liver disease (NAFLD) is a common liver disease, and 
eventual fibrosis can lead to end-stage cirrhosis and hepatocellular carcinoma. 
An effective therapeutic strategy is to target reduction in oxidative stress using, 
for example, administration of vitamin E. Liver biopsy is still considered the 
gold standard for liver fibrosis assessment, despite being an invasive method 
and not completely risk free. Velocity of shear wave (Vs) measured by acoustic 
radiation force impulse (ARFI) has been reported to be a good method for 
assessing the stage of liver fibrosis. The single-nucleotide polymorphism 
rs738409 (C > G) in the patatin-like phospholipase domain containing 3 
(PNPLA3) was strongly associated with increased hepatic fat levels and with 
hepatic inflammation in NAFLD patients. In this study, the authors evaluated 
the efficacy of vitamin E treatment for NAFLD by noninvasive methods and to 
assess the association between the treatment response and the patatin-like 
phospholipase domain containing 3 (PNPLA3) polymorphism.

Research frontiers
Few prior reports showed that vitamin E improved serum aspartate amino
transferase (AST), alanine aminotranferease (ALT), and γ-glutamyl transpeptidase 
(γ-GTP) levels and reduced steatosis, lobular inflammation, and activity score, but 
did not markedly improve fibrosis scores in nonalcoholic steatohepatitis (NASH). 
The results of the authors’ study contribute to non-invasive evaluation of the 
efficacy of vitamin E treatment for NAFLD/NASH. 

Innovations and breakthroughs
The pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis 
trial reported that serum AST, ALT, and γ-GTP levels in the vitamin E group 
decreased compared with the placebo group, and that vitamin E group had 
a reduction in steatosis, lobular inflammation, and activity score, whereas 
fibrosis scores did not markedly improve. The present study showed that a 
1-year treatment of vitamin E improved not only laboratory values but also 
the noninvasive scores related to hepatic fibrosis and liver stiffness in NAFLD 
patients, and that the treatment responses were similar between different 
PNPLA3 genotypes. 

Applications 
This study suggests that liver stiffness is useful for monitoring the efficacy of 
vitamin E treatment for NAFLD/NASH. The patients with NAFLD/NASH can be 
evaluated the therapeutic effect of vitamin E using noninvasive tools without 
liver biopsy. 

Terminology
ARFI: Vs measured by ARFI has been reported to be a good method 
for assessing the stage of liver fibrosis; PNPLA3: The single-nucleotide 
polymorphism rs738409 (C > G) in the PNPLA3 was strongly associated with 
increased hepatic fat levels and with hepatic inflammation in NAFLD patients.

Peer-review
The authors investigated the effect of vitamin E on NAFLD. They suggested 
that vitamin E treatment for 1 year reduced stiffness in NAFLD patients and the 
responses were similar between different PNPLA3 genotypes. The work was 
logically designed and nicely described.
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at 24 wk after the completion of IFN and ribavirin 
therapy (P  < 0.001, OR = 24.43, 95%CI: 4.11-238.67).

CONCLUSION: We suggested that the elevation of 
AFP and DCP levels at 24 wk after the completion of 
IFN and ribavirin therapy were strongly associated with 
the incidence of HCC irrespective of virological response 
among Japanese LC-C patients.

Key words: Des-γ-carboxy prothrombin; Hepatocellular 
carcinoma; Alpha-fetoprotein; Interferon; Hepatitis C 
virus; Liver cirrhosis; Ribavirin
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Core tip: Interferon (IFN)-based therapy reduces the 
rate of hepatocellular carcinoma (HCC) development in 
patients with chronic hepatitis C virus (HCV) infection. 
However, HCC development has frequently been re
ported in HCV-related liver cirrhosis (LC-C) patients 
who achieved sustained virological response. We 
conducted a multicenter, retrospective study to evaluate 
the relationship between clinical factors and HCC 
development in Japanese LC-C patients treated with IFN 
and ribavirin therapy. We suggested that the elevation 
of Alpha-fetoprotein and des-γ-carboxy prothrombin 
levels at 24 wk after the completion of IFN and ribavirin 
therapy were strongly associated with the incidence 
of HCC irrespective of virological response among 
Japanese LC-C patients.

Shakado S, Sakisaka S, Chayama K, Okanoue T, Toyoda J, 
Izumi N, Matsumoto A, Takehara T, Ido A, Hiasa Y, Yoshioka 
K, Nomura H, Ueno Y, Seike M, Kumada H. Alpha-fetoprotein 
and des-gamma-carboxy-prothrombin at twenty-four weeks 
after interferon-based therapy predict hepatocellular carcinoma 
development. World J Hepatol 2015; 7(27): 2757-2764  Available 
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i27/2757.
htm  DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2757

INTRODUCTION
Chronically hepatitis C virus (HCV) infection is the 
commonest cause of liver cirrhosis in the world[1]. HCV-
related liver cirrhosis (LC-C) patients are the high risk to 
the development of hepatocellular carcinoma (HCC)[2,3]. 
Many previous studies suggested that interferon (IFN)-
based therapy reduces the rate of HCC development 
in patients with chronically HCV infection, especially 
those with sustained virological response (SVR)[4-8]. 
Non-SVR, male sex, older age, and advanced liver 
fibrosis have been shown to be risk factors for HCC 
development in patients treated with IFN[9-13]. Therapy 
with IFN and ribavirin has been used for LC-C patients, 
leading to significant effects including SVR. However, 
the development of HCC has frequently been reported 
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Abstract
AIM: To investigate risk factors for development 
of hepatocellular carcinoma (HCC) in patients with 
hepatitis C virus-related liver cirrhosis (LC-C).

METHODS: To evaluate the relationship between 
clinical factors including virological response and the 
development of HCC in patients with LC-C treated with 
interferon (IFN) and ribavirin, we conducted a multi
center, retrospective study in 14 hospitals in Japan. 
All patients had compensated LC-C with clinical or 
histological data available. HCC was diagnosed by the 
presence of typical hypervascular characteristics on 
computed tomography and/or magnetic resonance 
imaging.

RESULTS: HCC was diagnosis in 50 (21.6%) of 231 
LC-C patients during a median observation period of 
3.8 years after IFN and ribavirin therapy. Patients who 
developed HCC were older (P  = 0.018) and had higher 
serum levels of pretreatment alpha-fetoprotein (AFP) (P  
= 0.038). Multivariate analysis revealed the following 
independent risk factors for HCC development: history 
of treatment for HCC [P  < 0.001, odds ratio (OR) = 
15.27, 95%CI: 4.98-59.51], AFP levels of ≥ 10 ng/mL 
(P  = 0.009, OR = 3.89, 95%CI: 1.38-11.94), and des-
γ-carboxy prothrombin (DCP) levels of ≥ 40 mAU/mL 
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in LC-C patients who achieved SVR[14,15]. The aim of 
this retrospective, multicenter study was to evaluate 
the relationship among pre- and post-treatment clinical 
factors, virological response, and HCC development in 
Japanese LC-C patients treated with IFN and ribavirin to 
elucidate the predictive markers for HCC development.

MATERIALS AND METHODS
Patient selection
We conducted a retrospective, multicenter study 
in 14 hospitals in Japan. All 290 patients with LC-C 
were treated with IFN plus ribavirin. A diagnosis of 
compensated LC-C was defined with the clinical or 
histological finding. We decided the presence of at least 
one of the following criteria: Liver biopsy demonstrating 
cirrhosis, multiple nodular appearance of liver surface 
on peritoneoscopy, liver stiffness greater than 12.5 
kPa on transient elastography, presence of esophageal 
varices, or positive values of cirrhosis criteria[16-18].

Of the 290 patients, 59 developed HCC within 6 
mo of completing IFN and ribavirin therapy and were 
excluded from the study. All analyses used data from 
the remaining 231 cases. Table 1 shows pretreatment 
clinical characteristics. Of 231 patients, 189 patients 
were infected with HCV genotype 1 and 80 patients 
(34.6%) had received treatment for HCC previously. 
Eighty patients were treated for HCC with hepatectomy, 
transcatheter chemoembolization, or radio frequency 
ablation therapy in each hospital. More detail of 
treatment history was not investigated in this study. The 
average follow-up period was 3.8 ± 2.2 years.

Combination therapy with IFN and ribavirin
All 231 patients were treated with INF and ribavirin. 
Pegylated-IFN alpha-2b, pegylated-IFN alpha-2a or IFN 
alpha-2b were administered to 297 (85.3%), 19 (8.2%), 
15 (6.5%), respectively.

Surveillance for HCC
Hepatic ultrasonography, computed tomography (CT), 
and/or magnetic resonance imaging (MRI) were per
formed every 3 to 6 mo during follow-up period for HCC 
surveillance. HCC was diagnosed on the basis of the 
presence of typical hypervascular characteristics of CT 
and/or MRI findings.

Statistical analysis
We conducted statistical analyze with Fisher’s exact test 
or Student’s t-test. Univariate and multivariate analysis 
were used with JMP version 9.0 for Macintosh (SAS 
Institute, Cary, NC). The odds ratio and 95%CI were 
also calculated. 

RESULTS
Pretreatment clinical factors associated with HCC 
development
HCC was diagnosed in 50 (21.6%) of 231 LC-C patients 
treated with IFN and ribavirin during a median follow-
up period of 3.8 years (0.6-11.9 years). Patients who 
developed HCC were older (P = 0.018) and had higher 
serum levels of alpha-fetoprotein (AFP) (P = 0.038) 
than the non-HCC group (Table 1). In our study, no 
significant difference in HCC development was observed 
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Table 1  Pretreatment clinical characteristics of 231 hepatitis C virus-related liver cirrhosis patients 
treated with interferon and ribavirin

All patients (n  = 231) Non HCC (n  = 181) HCC (n  = 50) P -value1

Sex (M:F)   111:120 82:99 29:21 NS
Age (yr) 60.4 ± 9.2 59.6 ± 9.2 63.1 ± 9.1 0.018
BMI (kg/m2) 23.7 ± 3.4 23.7 ± 3.5 23.9 ± 2.9 NS
Total bilirubin (mg/dL)   1.1 ± 1.2   1.2 ± 1.4   0.9 ± 0.3 NS
Albumin (g/dL)   3.8 ± 0.5   3.8 ± 0.5   3.8 ± 0.3 NS
Prothrombin (%)   86.1 ± 15.2   86.1 ± 15.8   86.1 ± 13.2 NS
ALT (IU/L)   84.6 ± 64.4   86.6 ± 65.8   77.1 ± 59.6 NS
GGT (IU/L)     89.0 ± 124.0     89.0 ± 125.2     89.3 ± 122.1 NS
Hemoglobin (g/dL) 13.2 ± 1.8 13.1 ± 1.9 13.5 ± 1.7 NS
Platelets (104/mm3) 12.1 ± 6.8 12.2 ± 7.2 11.7 ± 5.1 NS
AFP (ng/mL)     94.1 ± 916.1   24.2 ± 38.0     355.1 ± 1994.9 0.038
DCP (mAU/mL)     261.5 ± 2687.8     328.6 ± 3057.3   26.5 ± 18.1 NS
IL28B (TT:non TT) 161:70 130:51 31:19 NS
Presence of EV 74/191 (38.7%) 60/146 (41.1%) 14/45 (31.1%) NS
HCC treatment history         80 (34.6%)         44 (24.3%)        36 (72.0%) NS
HCV genotype (1/2) 189:42 147:34 42:8 NS
IFN treatment (naive)       208 (90.0%)        162 (89.5%)     46 (92%) NS

Data are expressed as number (%) or mean ± SD. All demographic and clinical data are those at the start of antiviral 
treatment. 1Comparison between non HCC and HCC. HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NS: Not 
significant; BMI: Body mass index; ALT: Alanine aminotransferase; GGT: Gamma glutamyl transpeptidase; AFP: Alpha-
fetoprotein; DCP: Des-gamma-carboxy prothrombin; IL28B: Interleukin 28B rs8099917; EV: Esophageal varices; IFN: 
Interferon.
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levels of AFP and DCP were the greatest risk factors for 
HCC development at 24 wk after the completion of IFN 
and ribavirin therapy. In patients who did not develop 
HCC, albumin levels increased from 3.7 g/dL at the 
completion of IFN and ribavirin therapy to 4.0 g/dL at 
24 wk after the completion of treatment. A change of 
those tumor markers after IFN and ribavirin therapy was 
shown in Figures 1 and 2.

In our study, SVR was not associated to HCC 
development. And the levels of AFP and DCP were not 
associated with HCC development in patients with a SVR 
(Table 3).

As shown in Table 4, the multivariate analysis 
revealed the following independent risk factors for HCC 
development after IFN and ribavirin therapy: History of 
treatment for HCC (P < 0.001, OR = 15.27, 95%CI: 
4.98-59.51), AFP levels of ≥ 10 ng/mL at 24 wk after 
the completion of IFN and ribavirin therapy (P = 0.009, 
OR = 3.89, 95%CI: 1.38-11.94), and DCP levels of 
≥ 40 mAU/mL at 24 wk after the completion of IFN 
and ribavirin therapy (P < 0.001, OR = 24.43, 95%CI: 
4.11-238.67). 

for male sex, platelet count, interleukin 28B genotype, 
presence of esophageal varices, HCV genotype, type of 
IFN or IFN treatment history (naive or non-naive).

Predictive factors associated with HCC development 
after IFN and ribavirin therapy
In this study, the duration of treatment with IFN and 
SVR were not associated with HCC development (Table 
2). Serum levels of AFP and des-γ-carboxy prothrombin 
(DCP) were focus to be risk factors for HCC development. 
Normal range of AFP and DCP were under 10 ng/mL 
and under 40 mAU/mL, respectively. In patients who 
developed HCC, serum levels of AFP decreased from 
355.1 ng/mL to 42.8 ng/mL during the course of IFN 
therapy and then increased from 42.8 ng/mL to 63.2 
ng/mL at 24 wk after the completion of IFN and ribavirin 
therapy. In patients who did not develop HCC, serum AFP 
levels at the beginning, completion, and 24 wk after IFN 
and ribavirin therapy were 94.1, 15.5 and 11.5 ng/mL, 
respectively. In patients who did not develop HCC, serum 
DCP levels at the beginning, completion, and 24 wk after 
IFN and ribavirin therapy were 328.6, 25.6 and 18.4 
mAU/mL, respectively. As with AFP, serum DCP levels 
were increased in patients who developed HCC. Serum 
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Figure 1  A change of the alpha-fetoprotein levels after interferon-based 
treatment. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma. Figure 2  A change of the des-gamma-carboxy prothrombin levels after 

interferon-based treatment. DCP: Des-gamma-carboxy prothrombin; HCC: 
Hepatocellular carcinoma.
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Pre treatment           End of treatment           24 wk after treatment

Non HCC (n  = 181) HCC (n  = 50) P -value

IFN treatment duration (wk) 43.1 ± 21.5 44.1 ± 22.5 NS
Sustained virological response 63 (34.8%) 12 (24%) NS
Albumin levels at the end of IFN treatment (g/dL) 3.7 ± 0.6 3.7 ± 0.6 NS
Prothrombin levels at the end of IFN treatment (%) 86.0 ± 21.5 83.5 ± 11.1 NS
AFP levels at the end of IFN treatment (ng/mL) 15.5 ± 34.9 42.8 ± 96.0 0.009
DCP levels at the end of IFN treatment (mAU/mL) 25.6 ± 47.2 255.6 ± 863.2 0.017
Albumin levels at 24 wk after IFN treatment (g/dL) 4.0 ± 0.5 3.7 ± 0.5 0.004
Prothrombin levels at 24 wk after IFN treatment (%) 87.8 ± 17.9 86.6 ± 14.2 NS
AFP levels at 24 wk after IFN treatment (ng/mL) 11.5 ± 15.8   63.2 ± 193.2 0.002
DCP levels at 24 wk after IFN treatment (mAU/mL) 18.4 ± 12.7   354.0 ± 1887.5 NS

Table 2  Risk factors for the development of hepatocellular carcinoma in hepatitis C virus-related liver 
cirrhosis patients treated with interferon and ribavirin

Data are expressed as number (%) or mean ± SD. HCC: Hepatocellular carcinoma; IFN: Interferon; NS: Not significant; AFP: 
Alpha-fetoprotein; DCP: Des-gamma-carboxy prothrombin.
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Cumulative incidence of HCC after IFN and ribavirin 
therapy
Patients with a previous history of treatment for HCC 
had a significantly higher cumulative incidence of HCC 
development after IFN and ribavirin therapy (P < 0.001) 
(Figure 3). The incidence of HCC was significantly 
lower in patients with AFP levels of < 10 ng/mL than 
in those with AFP levels of ≥ 10 ng/mL at 24 wk after 
the completion of IFN and ribavirin therapy (P = 0.004) 
(Figure 4) as in patients with DCP levels of < 40 mAU/
mL than in those with DCP levels of ≥ 40 mAU/mL at 
24 wk after the completion of IFN and ribavirin therapy (P 
< 0.001) (Figure 5).

DISCUSSION
In this retrospective, multicenter, cooperative study 
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Figure 3  Cumulative incidence of hepatocellular carcinoma according to 
the history of treatment for hepatocellular carcinoma. HCC: Hepatocellular 
carcinoma.
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Figure 4  Cumulative incidence of hepatocellular carcinoma according 
to alpha-fetoprotein levels. 1The value at 24 wk after the completion of 
interferon-based therapy (ng/mL). AFP: Alpha-fetoprotein; HCC: Hepatocellular 
carcinoma.

Table 3  The levels of alpha-fetoprotein and des-gamma-carboxy prothrombin with development of hepatocellular carcinoma in 
patients with sustained virological response

Patients with SVR (n  = 75) Non HCC (n  = 63) HCC (n  = 12) P -value1

AFP levels at pretreatment (ng/mL) 16.1 ± 20.2 17.8 ± 22.2 12.6 ± 14.9 NS
AFP levels at the end of IFN treatment (ng/mL) 13.7 ± 47.8 17.9 ± 57.8 5.1 ± 1.8 NS
AFP levels at 24 wk after IFN treatment (ng/mL)   6.7 ± 10.0 5.8 ± 4.1   8.0 ± 15.1 NS
Pre DCP levels at pretreatment (mAU/mL)   93.7 ± 374.1 131.3 ± 481.4 40.3 ± 69.8 NS
Post DCP levels at the end of IFN treatment (mAU/mL) 140.0 ± 637.9 226.9 ± 864.2 42.1 ± 83.3 NS
24 wk DCP levels at 24 wk after IFN treatment (mAU/mL) 33.9 ± 52.6 28.9 ± 37.4 39.3 ± 66.5 NS

Data are expressed as number (%) or mean ± SD. 1Comparison between non HCC and HCC. HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; DCP: 
Des-gamma-carboxy prothrombin; NS: Not significant; SVR: Sustained virological response.

Risk factor Univariate analysis Multivariate analysis OR 95%CI

P -value P -value
Age (over 60 yr)    0.012 Not significant
HCC treatment history < 0.001 < 0.001 15.27  4.98-59.51
AFP levels at 24 wk after IFN treatment ≥ 10 ng/mL    0.003    0.009   3.89  1.38-11.94
DCP levels at 24 wk after IFN treatment ≥ 40 mAU/mL < 0.001 < 0.001 24.43 4.11-238.67

Table 4  Factors associated with hepatocellular carcinoma development (n  = 231)

HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; IFN: Interferon; DCP: Des-gamma-carboxy prothrombin.

Figure 5  Cumulative incidence of hepatocellular carcinoma according 
to des- gamma-carboxy prothrombin levels at 24 wk after the completion 
of interferon-based therapy. 1The value at 24 wk after the completion of 
interferon-based therapy (mAU/mL). DCP: Des-gamma-carboxy prothrombin; 
HCC: Hepatocellular carcinoma.
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conducted in Japan, we evaluated risk factors of HCC 
development in LC-C patients treated with IFN and 
ribavirin. A history of treatment for HCC was a strong 
risk factor for the development of HCC in our patients. 
Although HCC has a high recurrence rate, even after 
curative surgery, a suppressive effect of IFN on HCC 
recurrence after previous curative treatment has been 
reported in several studies[19-23]. Furthermore, particularly 
in Japan, IFN is used as an anti-cancer drug for the 
treatment of HCC[24-27]. Unfortunately, in LC-C patients 
treated with IFN and ribavirin, most notably in those 
with a history of treatment for HCC, IFN therapy did 
not reduce recurrence rates in our study. Many studies 
reported that IFN-based therapy not only improves 
hepatic fibrosis and inflammation but also reduces the 
incidence of HCC, particularly in patients who achieve 
SVR[4-13]. In our study, a history of treatment for HCC 
was a stronger risk factor for HCC development than 
achieving SVR. In those patients receiving IFN and 
ribavirin therapy, long-term surveillance for HCC should 
be conducted even after antiviral therapy with SVR.

In our study, serum levels of AFP decreased after 
IFN and ribavirin therapy compared to baseline levels 
in both HCC and non-HCC groups. Serum levels of AFP 
were further decreased at 24 wk after IFN and ribavirin 
therapy in the non-HCC group. However, serum levels 
of AFP were increased at 24 wk after the completion 
of IFN and ribavirin therapy in patients who developed 
HCC. Therefore, serum AFP levels at 24 wk after the 
completion of IFN and ribavirin therapy may be a strong 
predictor of HCC development in LC-C patients treated 
with IFN and ribavirin. Serum levels of DCP were also 
increased at 24 wk after the completion of IFN and 
ribavirin therapy in patients who developed HCC. Both 
AFP and DCP serum levels at 24 wk after the completion 
of IFN and ribavirin therapy were more strongly asso
ciated with HCC development than those of pre- and/or 
post-IFN treatment.

Previous studies reported that a low or decreased 
AFP level during IFN therapy is associated with a 
reduced incidence of HCC[28-30]. Serum levels of AFP after 
IFN-based therapy are also informative, and a higher 
post-treatment AFP (≥ 6 ng/mL) was a risk factor for 
HCC development[11,31]. 

Recently, DCP was demonstrated as a tumor marker 
for the detection of HCC[32,33]. However, it was unclear 
whether DCP had value in detecting HCC in patients 
with LC-C who received IFN and ribavirin therapy. We 
demonstrated by multivariate analysis that elevated 
serum levels of AFP (≥ 10 ng/mL) and DCP (≥ 40 
mAU/mL) at 24 wk after the completion of IFN and 
ribavirin therapy were independently associated with 
HCC development. In clinical practice, even in patients 
with SVR, careful surveillance for HCC is required in 
patients with LC-C with an AFP of ≥ 10 ng/mL or a DCP 
of ≥ 40 mAU/mL at 24 wk after the completion of IFN 
and ribavirin therapy. A randomized controlled study 
demonstrated that the LC-C patients who were treated 

with long-term pegylated-IFN had a low risk of HCC 
development[34]. Therefore, LC-C patients with an AFP of 
≥ 10 ng/mL or a DCP of ≥ 40 mAU/mL at 24 wk after 
the completion of IFN and ribavirin therapy should be 
considered for long-term maintenance treatment with 
pegylated-IFN, irrespective of whether SVR is achieved.

Recently, therapies with direct-acting antivirals 
without IFN have demonstrated great efficacy against 
HCV[35-38]. However, it is currently unknown whether 
serum AFP levels and HCC incidence are decreased in 
patients treated with IFN-free regimens using direct-
acting antivirals.

Although this present study had some limitations, all 
included patients were diagnosed with well-established 
cirrhosis without chronic hepatitis. Thus, our findings 
provide valuable information.

In conclusion, we suggested that elevated serum 
levels of both AFP and DCP at 24 wk after the completion 
of IFN and ribavirin therapy are strongly associated 
with HCC development, irrespective of the virological 
response, among Japanese LC-C patients. In these 
patients, additional surveillance for the development of 
HCC may be required.
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Abstract
AIM: To compare the surgical outcomes between 
laparoscopic liver resection (LLR) and open liver re
section (OLR) as a curative treatment in patients with 
hepatocellular carcinoma (HCC). 

METHODS: A PubMed database search was performed 
systematically to identify comparative studies of LLR vs 
OLR for HCC from 2000 to 2014. An extensive text word 
search was conducted, using combinations of search 
headings such as “laparoscopy”, “hepatectomy”, and 
“hepatocellular carcinoma”. A comparative study was also 
performed in our institution where we analysed surgical 
outcomes of 152 patients who underwent liver resection 
between January 2005 to December 2012, of which 42 
underwent laparoscopic or hand-assisted laparoscopic 
resection and 110 underwent open resection. 

RESULTS: Analysis of our own series and a review of 
17 high-quality studies showed that LLR was superior to 
OLR in terms of short-term outcomes, as patients in the 
laparoscopic arm were found to have less intraoperative 
blood loss, less blood transfusions, and a shorter length 
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Comparative study and systematic review of laparoscopic 
liver resection for hepatocellular carcinoma



of hospital stay. In our own series, both LLR and OLR 
groups were found to have similar overall survival (OS) 
rates, but disease-free survival (DFS) rates were higher 
in the laparoscopic arm. 

CONCLUSION: LLR is associated with better short-term 
outcomes compared to OLR as a curative treatment 
for HCC. Long-term oncologic outcomes with regards 
to OS and DFS rates were found to be comparable in 
both groups. LLR is hence a safe and viable option for 
curative resection of HCC.

Key words: Hepatocellular carcinoma; Laparoscopy; 
Open liver resection; Hepatectomy; Surgery
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Core tip: Surgical resection is the standard treatment 
for hepatocellular carcinoma (HCC), and provides 
the best outcomes for patients eligible for resection. 
Laparoscopic liver resection (LLR) is a relatively new 
advancement in treatment of HCC and has raised 
concerns on its feasibility and safety. We reviewed 17 
studies and performed our own comparative study on 
surgical outcomes of LLR vs  open liver resection for the 
curative treatment of HCC. We showed that LLR resulted 
in more desirable short-term outcomes, whereas long-
term oncologic outcomes were comparable. Hence, LLR 
is a safe and feasible option in the surgical treatment of 
HCC.

Leong WQ, Ganpathi IS, Kow AWC, Madhavan K, Chang 
SKY. Comparative study and systematic review of laparoscopic 
liver resection for hepatocellular carcinoma. World J Hepatol 
2015; 7(27): 2765-2773  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i27/2765.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i27.2765

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most 
prevalent cancer and the third most frequent cause of 
cancer-related death, with about 750000 new cases 
diagnosed and approximately 700000 deaths worldwide 
each year[1,2]. Potentially curative treatment options for 
HCC include surgical resection[3], liver transplantation[4], 
and local ablation[5]. Surgical resection remains the 
standard treatment, and provides the best outcomes, 
for candidates who are eligible for resection[6]. In 1991, 
Reich et al[7] performed the first laparoscopic hepatic 
resection (LLR) for a benign liver tumour; subsequently, 
Hashizume et al[8] reported the first LLR performed 
for HCC. However, many barriers have hindered the 
popularity of LLR, including concerns of uncontrollable 
bleeding, resection margins, tumour seeding, and port-
site metastases. LLR may also be perceived as a 
challenge especially in cirrhotic patients, who are at 

increased risk of complications related to underlying 
synthetic and metabolic dysfunction[9]. Nevertheless, 
over the past 2 decades, it has become a widely 
accepted mode of curative resection for HCC by being 
established as both safe and feasible. It has also evolved 
to encompass more difficult anatomic resections.

A number of comparative studies have been pu
blished on the surgical outcomes of LLR vs open liver 
resection (OLR) as a curative treatment for HCC, and 
most suggest that while LLR and OLR both have similar 
overall survival (OS) and disease-free survival (DFS) 
rates, LLR confers the additional advantages of shorter 
duration of hospitalization and lower complication rates. 
To our knowledge, there has been so far no prospective, 
randomized controlled study done on this subject.

In this review article, we systematically reviewed 17 
comparative studies from 2001 to 2014 to look at the 
surgical outcomes of LLR vs OLR for curative resection 
of HCC. We also conducted our own comparative study 
by analysing data from 152 patients who underwent 
surgical resection of HCC from 2005 to 2012 at the 
National University Hospital (Singapore) and compared 
our results to those of the 17 comparative studies.

MATERIALS AND METHODS
A PubMed database search was performed systematically 
to identify comparative studies of LLR vs OLR for HCC 
from 2000 to 2014. An extensive text word search was 
conducted, using combinations of search headings such 
as “laparoscopy”, “laparoscopic”, “minimally invasive 
surgery”, “hepatectomy”, “hepatic resection”, “hepatic 
lobectomy”, “liver resection”, “hepatocellular carcinoma”, 
“HCC”, and “primary liver cancer”. The search was 
restricted to comparative studies and human studies 
only. All studies identified for screening were manually 
reviewed. References from these articles were also 
searched for relevant studies. The most recent search 
was conducted on 6 June 2014 (Figure 1).

Studies were included in the analysis if they: (1) 
were comparative studies on humans and in the English 
language; (2) focused on outcomes of LLR vs OLR for 
HCC; (3) had more than 10 patients in each group 
included in the study; and (4) if multiple studies were 
reported by the same institution or authors, the most 
recent publication was included. Studies were excluded 
from the analysis if they: (1) were reviews lacking original 
data, abstracts, editorials, or expert opinions; (2) did not 
show clear comparisons between outcomes on LLR vs 
OLR; and (3) included resections of benign tumours or 
metastatic lesions other than HCC. Our own series was 
analysed together with the selected studies.

National University Hospital series
Case records of 152 patients who underwent curative 
resection for HCC at the National University Hospital 
(NUH) in Singapore from January 2005 to December 
2012 were prospectively retrieved and manually culled 
for clinical data. Of the patients included in our study, 42 
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underwent laparoscopic or hand-assisted laparoscopic 
resection and 110 underwent open resection. All patients 
were followed up for recurrence at least 3-mo for the 
1st year, 4-mo for the 2nd year, then every 6 mo subse
quently. Patients were stratified according to the type 
of operation they underwent (OLR vs LLR). Vital status 
and the death date for subjects were obtained from the 
National Death Registry Database, and death data was 
supplemented with data from hospital records. For long-
term oncologic outcomes, the study endpoints analyzed 
were OS and DFS. OS was calculated from the date of 
operation to the date of death. DFS was calculated from 
the date of operation to the date of 1st recurrence or 
HCC-related death. 

Statistical analysis
The clinical characteristics of patients and postoperative 
results were expressed as means with standard 
deviations. The χ2 or Fisher’s exact test was used to 
compare categorical variables and the Mann-Whitney U 
test was used to compare continuous variables. Survival 
analysis was performed using the time of disease-free 
survival vs recurrence of a tumor or death. Survival 
curves were computed using the Kaplan-Meier method 
and compared between open and laparoscopic groups 
by the log-rank test. A P value of < 0.05 was considered 
as being statistically significant. All statistical calculations 
were performed using SPSS version 21.0. 

RESULTS
NUH series
One hundred and fifty-two patients undergoing liver 
resection for HCC were retrospectively reviewed at the 
National University Hospital in Singapore, from January 
2005 to December 2012. Of the patients included in 
our study, 42 underwent laparoscopic or hand-assisted 
laparoscopic resection and 110 underwent open resec

tion. All patients were followed up for recurrence at least 
3-mo for the 1st year, 4-mo for the 2nd year, then every 6 
mo subsequently.

Demographics
The demographic data and clinical characteristics of both 
groups are shown in Table 1. Both groups did not differ 
in terms of age, gender, Child-Pugh score, pre-operative 
laboratory investigations, and tumour locations; however, 
there was a significant difference in the ASA score (P = 
0.045), number of co-morbidities (mean 3 vs 2.32, P = 
0.028), and tumour size (mean 3.85 cm vs 7.15 cm, P < 
0.001).

Intraoperative results
Table 2 shows the intraoperative results of the two 
groups. In the LLR group, conversion from LLR to OLR 
occurred in 5 patients (11.9%). The duration of operation 
in the LLR group was significantly shorter compared to 
the OLR group (mean 250.43 min vs 349.90 min, P < 
0.001). The intraoperative blood loss was significantly 
lower in the LLR group (495.83 mL vs 1085.00 mL, P 
< 0.001), as was the requirement for blood transfusion 
(9.5% vs 39.1%, P < 0.001). However, there was no 
difference in the amount of blood transfused in patients 
who required transfusion in both groups.

Pathologic results
As for the pathologic results shown in Table 3, there 
was no difference in the condition of the surrounding 
liver parenchyma in both groups, except for a larger 
proportion of patients with cirrhosis in the LLR group 
(59.5% vs 35.5%, P = 0.007). Microscopic vascular 
invasion occurred more often in the OLR group (14.3% 
vs 30.9%, P = 0.037). There was no difference between 
both groups in the histological grade of the tumours 
as well as the number of patients with local tumour 
invasion and positive resection margins.
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Potentially relevant studies identified for screening 
(PubMed, limited to humans and English language)

n  = 138
Articles excluded (n  = 102):

Omitted after reviewing titles and abstracts (95)
Systematic reviews and meta-analyses (7)

Articles excluded (n  = 8):
No comparison between LLR and OLR (1)

Inclusion of non-HCC resections (7)

Articles retrieved for detailed evaluation
n  = 36

Articles that fit selection criteria
n  = 18

Articles included in analysis
n  = 17

Repeated reports (n  = 1)

Figure 1  Flow chart illustrating the screening and selection process. LLR: Laparoscopic liver resection; OLR: Open liver resection; HCC: Hepatocellular 
carcinoma.
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ascites, intra-abdominal sepsis, liver failure) among 
the LLR and OLR groups. There was no difference in 
postoperative mortality as well. The total length of 
hospital stay was significantly shorter in the LLR group 
(7.55 d vs 11.42 d, P < 0.001).

Long-term oncologic outcomes
Table 5 shows the long-term oncologic outcomes of the 
two groups. In the LLR group, the 5-year overall survival 
was 80.5%. In the OLR group, the 5-year overall 
survival was 83.8% (P = 0.949) (Figure 2). For disease-
free survival rates, the LLR group had a survival rate of 
52.5% whereas their counterparts in the OLR group had 
a survival rate of 38.2% (P = 0.035) (Figure 3). Hence, 
there was a significant difference in the disease-free 
survival rates between both groups but not in overall 

Post-operative outcomes
With regards to post-operative outcomes (Table 4), 
there was no difference in the overall complications rate 
as well as the specific complications (cardiac, pulmonary, 
gastrointestinal, wound infections, bleeding, prolonged 

Table 1  Preoperative characteristics  n  (%)

Variable LLR (n  = 42) OLR (n  = 110) P  value

Age 61.07 (11.91) 59.45 (11.15) 0.400
Gender 0.359
   Male    32 (76.2)    91 (82.7)
   Female    10 (23.8)    19 (17.3)
Child-Pugh score 0.094
   A      42 (100.0)  103 (93.6)
   B    0 (0.0)    7 (6.4)
No. of comorbidities        3 ± 1.86   2.32 ± 1.64 0.028
HBsAg      6 (42.9)    25 (55.6) 0.406
Anti-HCV    1 (7.1)    1 (2.7) 0.466
Alpha-fetoprotein     734.33 ± 2978.62   2126.96 ± 8456.88 0.654
ALT   40.64 ± 28.86   46.57 ± 35.59 0.408
AST   46.83 ± 36.03   56.93 ± 50.26 0.280 
ALP   90.26 ± 35.51 102.29 ± 44.24 0.099
Total bilirubin 13.12 ± 7.18   12.91 ± 14.26 0.367
PT 13.71 ± 0.94 13.61 ± 1.64 0.176
ASA class 0.045
   Ⅰ    3 (7.1)    9 (8.2)
   Ⅱ    24 (57.1)    62 (56.4)
   Ⅲ    15 (35.7)    39 (35.5)
No. of tumours 0.469
   Solitary    37 (88.1)    91 (82.7)
   Multiple      5 (11.9)    19 (17.3)
Size of largest 
tumour (cm)

3.85 ± 2.60   7.15 ± 4.88 < 0.001

Tumour location 0.256
Left lobe    15 (35.7)    27 (24.5)
Right lobe    21 (50.0)    71 (64.5)
Bilobar      6 (14.3)    12 (10.9)

Data are mean ± SD or n (%) unless otherwise indicated. HBsAg: Hepatitis 
B virus surface antigen; Anti-HCV: Anti-hepatitis C virus antibody; 
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: 
Alkaline phosphatase; PT: Prothrombin time; ASA: American Society of 
Anaesthesiologists; LLR: Laparoscopic liver resection; OLR: Open liver 
resection.

Table 2  Perioperative data  n  (%)

Variable LLR (n  = 42) OLR (n  = 110) P  value

Type of resection < 0.001
   Right hepatectomy 4 (9.5)   33 (30.0)
   Left hepatectomy 4 (9.5)   11 (10.0)
   Extended right 
   hepatectomy

0 (0.0)   9 (8.2)

   Extended left 
   hepatectomy

0 (0.0)   6 (5.5)

   Right anterior 
   sectionectomy

0 (0.0)   2 (1.8)

   Right posterior 
   sectionectomy

  6 (14.3)   2 (1.8)

   Left lateral sectionectomy   8 (19.0)   3 (2.7)
   Wedge resection   6 (14.3) 10 (9.1)
   Segmentectomy 14 (33.3)   31 (28.2)
   Others 0 (0.0)   3 (2.7)
Conversion from LLR to 
OLR

  5 (11.9) - -

   Duration of operation 
   (min), means ± SD

250.43 ± 98.85 349.90 ± 132.29 < 0.001

   Intra-operative blood loss 
   (mL), mean ± SD

  495.83 ± 501.94 1085.00 ± 943.55 < 0.001

Blood transfusion 4 (9.5)   43 (39.1) < 0.001
   Amount transfused (mL), 
   mean ± SD

  709.25 ± 726.18 1349.30 ± 1532.32     0.269

LLR: Laparoscopic liver resection; OLR: Open liver resection.

Table 3  Pathologic results  n  (%)

Variable LLR (n  = 42) OLR (n  = 110) P  value

Condition of non-tumourous 
liver
   Normal   8 (19.0) 35 (31.8) 0.118
   Chronic hepatitis 12 (28.6) 31 (28.2) 0.962
   Cirrhosis 25 (59.5) 39 (35.5) 0.007
   Steatosis 16 (38.1) 29 (26.4) 0.157
   Others 2 (4.8) 5 (4.5) 0.955
Microscopic vascular 
invasion

  6 (14.3) 34 (30.9) 0.037

Invasion into adjacent organs   0 (0.00) 2 (1.8) 0.379
Histological grade 0.077
   Well differentiated   9 (21.4) 20 (18.2)
   Moderately differentiated 30 (71.4) 61 (55.5)
   Poorly differentiated 3 (7.1) 28 (25.5)
   Undifferentiated 0 (0.0) 1 (0.9)
Positive resection margin 1 (2.4) 8 (7.3) 0.253

LLR: Laparoscopic liver resection; OLR: Open liver resection.

Table 4  Postoperative outcomes  n  (%)

Variable LLR (n  = 42) OLR (n  = 110) P  value

Patients with complications 16 (38.1)   50 (45.5)    0.413
   Bleeding 1 (2.4)   1 (0.9)    0.476
   Prolonged ascites 1 (2.4)   4 (3.6)    0.698
   Intra-abdominal sepsis 0 (0.0)   3 (2.7)    0.280
   Liver failure 2 (4.8)   1 (0.9)    0.127
   Cardiac 3 (7.1) 10 (9.1)    0.701
   Pulmonary   8 (19.0)   15 (13.6)    0.405
   Gastrointestinal 1 (2.4)   9 (8.2)    0.197
   Wound infections 0 (0.0)   5 (3.3)    0.160
Postoperative mortality 1 (2.4)   3 (2.7)    0.905
   Length of hospital stay (d), 
   means ± SD

7.55 ± 11.74 11.42 ± 9.35 < 0.001

LLR: Laparoscopic liver resection; OLR: Open liver resection.
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survival rates.

Systematic review
After an extensive literature search and screening, a 
total of 138 references were identified. The flow of 
reference selection is depicted in Figure 1. A total of 
17 studies published between 2001 and 2014 were 
identified as eligible for analysis[10-26].

Our review of the above selected articles, as well 
as the results of our own comparative study, showed 
that post-operative outcomes in the OLR cohort were 
significantly and consistently poorer compared to the 
LLR cohort. The characteristics of the selected articles are 
summarised in Table 6, and some of the post-operative 
outcomes analysed using Forest plots (Figures 4-6). 

Fourteen high-quality studies (including the NUH 
series) reported on length of hospital stay (Figure 4); 
pooled outcome measure favored LLR [patients 1340; 
WMD: -5.08; 95%CI: -6.82-(-3.33); P < 0.00001]. The 
results of 18 studies on post-operative complications 
(Figure 5) showed that patients who underwent LLR 
experienced significantly fewer complications than their 
counterparts who underwent OLR (patients: 1653; 
WMD: 0.40; 95%CI: 0.30-0.54; P < 0.0001). No 
significant differences were observed between LLR and 
OLR with regards to post-operative mortality in the 11 

studies analysed, as shown in Figure 6 (patients: 1173; 
WMD: 0.41; 95%CI: 0.14-1.08; P = 0.07).

DISCUSSION
Intraoperative bleeding is a significant problem faced 
during liver resection, and is frequently the most 
common reason for conversion from laparoscopic to 
open hepatectomy[27,28]. The number of transfusions 
required intraoperatively has also been shown to be 
an independent risk factor for a worse post-operative 
prognosis[29,30]. The worldwide acceptance of LLR was 
delayed due to concerns of the technical difficulties 
of controlling hemorrhage and obtaining hemostasis. 
However, our study showed that intraoperative blood loss 
and the number of patients requiring transfusion were 
significantly lower in the laparoscopic arm. Reasons for 
this include image magnification during LLR, usage of 
intra-operative ultrasonography to visualize the tumour 
and surrounding intrahepatic vessels and equipment such 
as ultrasonic laparoscopic coagulation shears and argon 
beam coagulators to provide rapid hemostasis in the 
event of hepatic hemorrhage. The pneumoperitoneum in 
LLR results in increased intra-abdominal pressure, which 
also reduces visceral blood flow, in turn decreasing blood 
loss[31,32].

Another major concern regarding LLR for malignant 
lesions is difficulty assessing resection margins, due 
to the lack of tactile sensation and distance perception 
in laparoscopic resection. However, our study showed 
that there was no difference in resection margins in 
both series. We are able to make up for the lack of 
palpation in LLR and hence achieve the intended margins 
laparoscopically, with pre-operative surgical planning 
using a variety of imaging techniques and the use of 
intra-operative ultrasonography to demarcate surgical 
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Figure 2  Kaplan-Meier survival curves of overall survival in laparoscopic 
and open liver resection.
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Figure 3  Kaplan-Meier survival curves of disease-free survival in laparo
scopic and open liver resection.

Table 5  Oncological outcomes 

Variable LLR (n  = 42) OLR (n  = 110) P value

Overall survival time (mo), 
mean ± SD

71.25 ± 6.59   76.42 ± 4.468 0.949

Disease-free survival time 
(mo), mean ± SD

  46.81 ± 7.132 34.390 ± 4.254 0.035

LLR: Laparoscopic liver resection; OLR: Open liver resection.
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margins.
Our analysis of the 17 studies showed that the rates 

of postoperative complications were significantly lower 
in patients who underwent LLR. Possible reasons for this 
include less mobilization and manipulation of the liver 
and other intra-abdominal organs, avoidance of long 
incisions and division of the abdominal muscles hence 
minimizing disruption to the abdominal wall collateral 
circulation, less severe pain, earlier ambulation and 
oral food intake, and more post-operative cough and 
expectoration. However, the findings in our comparative 
study were not significant. Nevertheless, it is worthy 
to note that even though there was a significantly 
higher number of co-morbidities in patients in the LLR 
group, and a significantly greater number of patients 
found to have cirrhosis in the LLR group, the LLR cohort 

experienced fewer postoperative complications, though 
this result was not statistically significant.

Liver resection in HCC patients with chronic liver 
disease (CLD) or cirrhosis has been a major issue 
due to the high rates of postoperative morbidity from 
decompensation due to their underlying liver disease. In 
these patients, portal hypertension is a major risk factor 
for development of postoperative decompensation[33,34]. 

The studies we analysed which were specific to HCC 
patients with underlying CLD or cirrhosis showed that 
LLR resulted in fewer postoperative complications 
compared to OLR. Belli et al[15] showed that a signi
ficantly decreased postoperative morbidity rate in the 
laparoscopic group. The studies by Laurent et al[11] and 
Truant et al[21] showed lower rates of post-operative 
ascites and liver failure in the LLR group as well. Overall, 

Table 6  Characteristics of included studies

Ref. No. of patients Child-Pugh score A Solitary tumour Mean tumour size (cm)

LLR OLR LLR n  (%) OLR n  (%) P  value LLR n  (%) OLR n  (%) P  value LLR OLR P value
Shimada et al[10]   17   38 - - - - - - 2.6 ± 0.9 2.5 ± 1.0   0.89
Laurent et al[11]   13   14   13 (100.0)     14 (100.0)     0.49 - - - 3.35 ± 0.89 3.43 ± 1.05   0.48
Kaneko et al[12]   30   28 22 (73.3)   22 (57.9) NS - - - 3.0 ± 0.8 3.1 ± 0.9 NS
Sarpel et al[13]   20   56 - - - - - - 4.3 ± 2.1 4.3 ± 2.2     0.876
Lai et al[14]   25   33 23 (92.0)   31 (93.9)     0.90
Belli et al[15]   54 125 49 (90.7) 117 (93.6) 0.499 44 (81.5) 96 (76.8) 0.486 3.8 ± 1.3 6.0 ± 2.3     0.006
Endo et al[16]   10   11   10 (100.0)     7 (63.6) NS   9 (90.0) 10 (90.9) NS 3.0 ± 1.5 4.1 ± 0.8 NS
Aldrighetti et al[17]   16    16   9 (56.2)     9 (56.2) NS - - -    4 ± 2.2 4.6 ± 2.5 NS
Tranchart et al[18]   42   42 30 (71.4)   33 (78.6) - - - - 3.58 ± 1.75 3.68 ± 2.09   0.95
Ker et al[19] 116 209 98 (84.5) 197 (94.3)     0.08 - - - 2.5 ± 1.2 5.4 ± 3.5     0.001
Kim et al[20]   26   29 - - - - - - - - -
Truant et al[21]   36   53 32 (88.9)   47 (88.7)     1 34 (94.4) 44 (83.0)     0.2 2.9 ± 1.2 3.1 ± 1.2 0.5
Hu et al[22]   30   30 29 (96.7)   24 (80.0) NS - - - 6.7 ± 3.1 8.7 ± 2.3 NS
Lee et al[23]   33   50   33 (100.0)     50 (100.0) NS 31 (93.9) 41 (82.0) 0.186 - - -
Cheung et al[24]   32   64   32 (100.0)   60 (93.8) 0.367 - - - - - -
Kim et al[25]   70   76 - - - - - - 2.58 ± 1.44 2.45 ± 1.27    0.550
Kim et al[26]   29   29 28 (96.6)     29 (100.0) 0.317 24 (82.8) 28 (96.6) 0.103 3.59 ± 2.17 4.28 ± 2.55    0.278
Our reports   42 110   42 (100.0) 103 (93.6) 0.094 37 (88.1) 91 (82.7) 0.469 3.85 ± 2.60 7.15 ± 4.88 < 0.001

LLR: Laparoscopic liver resection; OLR: Open liver resection.

LLR OLR Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%CI
Shimada 2001  12   5   17   22   8   38     7.1% -10.00 (-13.48, -6.52)
Laurent 2003  15.3   8.6   13   17.3 18.9   14     2.0%  -2.00 (-12.95, 8.95)
Kaneko 2005  14.9   7.1   30   21.6   8.8   28     6.3%   -6.70 (-10.83, -2.57)
Belli 2009   8.4   2.5   54 9.2   3.1 125     9.6%    -0.80 (-1.66, 0.06)
Endo 2009  20   4   10   32   8   11     5.1% -12.00 (-17.34, -6.66)
Aldrighetti 2010   6.3   1.7   16    9   3.8   16     8.7% -2.70 (-4.74, -0.66)
Tranchart 2010   6.7   5.9   42 9.6   3.4   42     8.7% -2.90 (-4.96, -0.84)
Ker 2011   6.2   3 116   12.4   6.8 208     9.5% -6.20 (-7.27, -5.13)
Kim 2011 11.08   4.96   26 16.07 10.697   29     6.1% -4.99 (-9.32, -0.66)
Truant 2011 6.5   2.7   36 9.5   4.8   53     9.1% -3.00 (-4.56, -1.44)
Hu 2011  13   2.1   30   20   3.2   30     9.3% -7.00 (-8.37, -5.63)
SJ Kim 2014  12 22.98   70 17.13 15.89   76     4.2%   -5.13 (-11.59, -1.33)
H Kim 2014   7.69   2.94   29 13.38   7.37   29     7.8% -5.69 (-8.58, -2.80)
Chang 2014   7.55 11.744   42 11.42  9.354 110     6.5% -3.87 (-7.83, -0.09)

Total (95%CI) 531 809 100.0% -5.08 (-6.82, -3.33)
Heterogeneity: Tau2 = 8.04; χ 2 = 115.06, df = 13 (P  < 0.00001); I 2 = 89%
Test for overall effect: Z  = 5.70 (P  < 0.00001) -20                -10                  0                  10                 20

Favours (LLR)                      Favours (OLR)

Figure 4  Forest plots depicting length of hospital stay in the included studies. LLR: Laparoscopic liver resection; OLR: Open liver resection.
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fewer complications in the LLR group result in a shorter 
length of hospital stay. Furthermore, from our own 
comparative study, the rates of prolonged ascites and 
liver failure in both groups were not significantly different 
despite a significantly larger number of patients with 
cirrhosis in the LLR group.

Laparoscopic hepatectomy has not been shown to 
increase the risk of tumor recurrence and affect the 
oncologic outcomes (in terms of overall survival and 
disease-free survival). However, in our study, there was 
a significant increase in disease-free survival rates in 
the LLR group; this could be attributed to the higher 
incidence of microscopic vascular invasion found on 
histology in the OLR group, which is a significant under­
lying risk factor for tumour recurrence.

Although LLR has been shown to be superior to OLR 
in terms of surgical outcomes, the clinical significance 
of these results should be interpreted keeping in mind 
that they were based on selected patients who fulfill 
certain criteria. The size and location of the tumour are 
important considerations that influence a surgeon’s 
decision to perform an open or a laparoscopic resection. 
As a general rule, small (< 5 cm) tumours, in superficial 
or peripheral locations, far away from major vessels, are 
considered for LLR. Large tumours and cases requiring 
vascular or biliary reconstruction are usually indications 
for open resection. Nevertheless, with improvement 
of the laparoscopic technique and new advances in 
technology over the past 2 decades, LLR is being per
formed more frequently and for more complex cases 

LLR OLR Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight IV, random, 95%CI IV, random, 95%CI
Shimada 2001   1   17     4     38   1.6% 0.53 (0.05, 5.14)
Laurent 2003   4   13     7     14   3.2% 0.44 (0.09, 2.15)
Kaneko 2005   3   30     5     28   3.4% 0.51 (0.11, 2.37)
Sarpel 2009   1   20     4     56   1.6% 0.68 (0.07, 6.51)
Lai 2009   4   25     5     33   3.9% 1.07 (0.25, 4.46)
Belli 2009 10   54   45   125 13.2% 0.40 (0.19, 0.88)
Endo 2009   3   10     3     11   2.2% 1.14 (0.17, 7.60)
Aldrighetti 2010   4   16     7     16   3.5% 0.43 (0.10, 1.92)
Tranchart 2010   9   42   17    42   8.7% 0.40 (0.15, 1.05)
Ker 2011   7 116   63   208 11.9% 0.15 (0.07, 0.34)
Kim 2011   1   26     7     29   1.7% 0.13 (0.01, 1.10)
Truant 2011   9   36   19     53   9.0% 0.60 (0.23, 1.53)
Hu 2011   4   30     3     30   3.2% 1.38 (0.28, 6.80)
Lee 2011   2   33   12     50   3.2% 0.20 (0.04, 0.98)
Cheung 2013   2   32   12     64   3.3% 0.29 (0.06, 1.38)
SJ Kim 2014   5   70   11     76   6.5% 0.45 (0.15, 1.38)
H Kim 2014   4   29   11     29   4.8% 0.26 (0.07, 0.96)
Chang 2014 16   42   50   110 15.1% 0.74 (0.36, 1.53)

Total (95%CI) 641 1012  100.0% 0.43 (0.33, 0.57)
Total events 89 285
Heterogeneity: Tau2 = 0.00; χ 2 = 16.97, df = 17 (P  = 0.46); I 2 = 0%
Test for overall effect: Z  = 5.83 (P  < 0.00001) 0.01               0.1                1                 10               100

Favours (LLR)                      Favours (OLR)

Figure 5  Forest plots depicting postoperative complications in the included studies. LLR: Laparoscopic liver resection; OLR: Open liver resection.

LLR OLR Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight IV, random, 95%CI IV, random, 95%CI
Laurent 2003 0   13   2   14   9.6% 0.19 (0.01, 4.25)
Lai 2009 0   25   1   33   9.0%   0.42 (0.02, 10.87)
Belli 2009 1   54   5 125 20.1% 0.45 (0.05, 3.97)
Aldrighetti 2010 0   16   0   16 Not estimable
Tranchart 2010 1   42   1   42 12.0%   1.00 (0.06, 16.53)
Ker 2011 0 116   6 202 11.4% 0.13 (0.01, 2.32)
Kim 2011 0   26   0   29 Not estimable
Truant 2011 0   36   4   53 10.8% 0.15 (0.01, 2.89)
Lee 2011 0   33   0   50 Not estimable
Cheung 2013 0   32   1   64   9.1%   0.65 (0.03, 16.44)
Chang 2014 1   42   3 110 18.0% 0.87 (0.09, 8.60)

Total (95%CI) 435 738  100.0% 0.41 (0.15, 1.08)
Total events 3 23
Heterogeneity: Tau2 = 0.00; χ 2 = 2.19, df = 7 (P  = 0.95); I 2 = 0%
Test for overall effect: Z  = 1.81 (P  = 0.07) 0.005               0.1              1               10                  200

Favours (LLR)                      Favours (OLR)

Figure 6  Forest plots depicting postoperative mortality in the included studies. LLR: Laparoscopic liver resection; OLR: Open liver resection.
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with tumours in difficult anatomical locations[22,35,36].

Strengths and limitations
Our systematic review has some limitations which 
warrant discussion and should be considered when 
interpreting the results. Firstly, all comparative studies 
including our own are non-randomized controlled studies 
that are retrospective or retrospective matched. To 
our knowledge, no randomized control trial has been 
published on this subject. Also, as mentioned above, 
selection of patients in both the LLR and OLR groups 
followed certain criteria based on the pre-operative 
clinicopathologic characteristics of each case, as well 
as according to the experience and expertise of the 
surgeons. This tends to increase the risk of selection 
bias. However, many of the studies we analysed per
formed case-matched analysis and matched patients 
in both groups based on similar characteristics, such as 
tumour size, tumour location, and presence of CLD or 
cirrhosis[12-14,17,18,20-22,24,26]. This minimized the degree of 
selection bias to some extent.

The strengths of our review are, firstly, a substantial 
number of studies analysed from various centres around 
the world, in addition to our own. Also, strict inclusion 
and exclusion criteria were implemented to select 
the highest quality and most recent studies after an 
extensive literature search.

In conclusion, our systematic review and comparative 
study show that as a curative treatment for HCC, LLR 
provides better short-term outcomes than OLR in 
terms of intraoperative blood loss, blood transfusions, 
and length of hospital stay, while both LLR and OLR 
provide similar long-term oncologic outcomes. Further 
research should be undertaken in the form of prospective 
randomized control trials to substantiate our findings 
even further.
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Abstract
AIM: To determine the clinical impact of portal vein 
thrombosis in terms of both mortality and hepatic 
decompensations (variceal hemorrhage, ascites, por
tosystemic encephalopathy) in adult patients with 
cirrhosis.

METHODS: We identified original articles reported 
through February 2015 in MEDLINE, Scopus, Science 
Citation Index, AMED, the Cochrane Library, and 
relevant examples available in the grey literature. Two 
independent reviewers screened all citations for inclu
sion criteria and extracted summary data. Random 
effects odds ratios were calculated to obtain aggregate 
estimates of effect size across included studies, with 
95%CI.

RESULTS: A total of 226 citations were identified 
and reviewed, and 3 studies with 2436 participants 
were included in the meta-analysis of summary effect. 
Patients with portal vein thrombosis had an increased 
risk of mortality (OR = 1.62, 95%CI: 1.11-2.36, P  = 
0.01). Portal vein thrombosis was associated with an 
increased risk of ascites (OR = 2.52, 95%CI: 1.63-3.89, 
P  < 0.001). There was insufficient data available 
to determine the pooled effect on other markers of 
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decompensation including gastroesophageal variceal 
bleeding or hepatic encephalopathy. 

CONCLUSION: Portal vein thrombosis appears to 
increase mortality and ascites, however, the relatively 
small number of included studies limits more genera
lizable conclusions. More trials with a direct comparison 
group are needed.

Key words: Hepatology; Coagulopathy; Liver; Ascites; 
Hepatic encephalopathy; Portal hypertension

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Portal vein thrombosis (PVT) is a common 
complication of cirrhosis with resultant downstream 
hepatic decompensation and mortality. Treatment 
options carry risk and are not without complications. 
To date, there is a lack of systematic evidence on the 
clinical importance of PVT. We performed a systematic 
review and meta-analysis to determine the aggregate 
estimates of effect of PVT on hepatic decompensation 
and mortality. PVT appears to significantly increase 
mortality (OR = 1.62, 95%CI: 1.11-2.36) and ascites 
(OR = 2.52, 95%CI: 1.63-3.89), however, the small 
number of included studies limits more generalizable 
conclusions. More trials with a direct comparison group 
are needed.

Stine JG, Shah PM, Cornella SL, Rudnick SR, Ghabril MS, 
Stukenborg GJ, Northup PG. Portal vein thrombosis, mortality 
and hepatic decompensation in patients with cirrhosis: A meta-
analysis. World J Hepatol 2015; 7(27): 2774-2780  Available 
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i27/2774.
htm  DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2774

INTRODUCTION
Portal vein thrombosis (PVT) is defined as an obstruction 
of the portal vein or its branches, which include the 
splenic, superior mesenteric, and inferior mesenteric 
veins[1]. It is associated with numerous conditions 
including malignancy, myeloproliferative disorders, 
inflammatory conditions (such as pancreatitis), intra-
abdominal infections (such as secondary peritonitis), and 
cirrhosis[2,3]. PVT is common in patients with cirrhosis; 
over 30% of liver transplant recipients have PVT on direct 
explant examination at the time of transplant (LT)[2,4,5]. 
Incidence rates of PVT while variable, are reported to be 
as high as 16%[6]. The mechanism of PVT development 
in cirrhosis is multifactorial and is due to a combination 
of changes in liver architecture leading to impaired blood 
flow and endothelial cell activation, hypercoagulability, 
and the potential development of hepatocellular 
carcinoma (HCC)[7]. The presence of PVT appears to be 
associated with the severity of underlying liver disease 
and hepatic decompensation from a mechanistic stand

point. However, the field of coagulation disorders and 
chronic liver disease is ever evolving and continues to 
generate controversy, in particular, when consideration is 
given to the impact of PVT on the development of hepatic 
decompensation. Multiple studies have been published 
indicating adverse clinical outcomes in the setting of 
PVT in both transplant and non-transplant populations, 
including hepatic decompensation, increased post-
transplant mortality, and decreased quality of life[7-10]. 
Others have argued that PVT does not affect clinically 
relevant outcomes[11]. Due to this uncertainty, we sought 
to determine the clinical impact of PVT on transplant free 
survival and hepatic decompensation in adult patients 
with cirrhosis. 

MATERIALS AND METHODS
Literature search strategy and study selection
The investigators systematically searched the published 
medical literature for observational studies and clinical 
trials that compared mortality or hepatic decompensation 
outcomes in cirrhosis patients with and without PVT. Pub
lished studies were identified by searching the following 
electronic databases: MEDLINE, Scopus, Science Citation 
Index, AMED, and the Cochrane Library. The search 
criteria included all publications through February 2015 
with English language restriction. Electronic search 
criteria included the following terms or keywords: “portal 
vein thrombosis”, “mesenteric thrombosis”, “splanchnic 
thrombosis”, “cirrhosis”, “mortality”, “decompensation”, 
and “humans”. We reviewed the reference lists of 
included articles in order to identify articles missed in 
the database searches. Recent conference abstract lists 
and other relevant grey literature sources were also 
searched for examples of relevant studies using the 
same terms and keywords. Studies were excluded if PVT 
was associated with only malignancy, developed post-
procedure (surgery or interventional), were found in non-
cirrhotic patients with portal hypertension, were in LT-
only recipients, if no control/comparison group without 
PVT was included, or if survival was not analyzed. This 
study did not require institutional review board approval.

Data extraction
Two study personnel (Stine JG and Shah PM) inde
pendently screened the abstracts and titles of all studies 
identified using the electronic and manual search 
criteria to identify studies meeting the inclusion criteria. 
Each study meeting requirements of the first-round 
inclusion criteria then underwent a full-text indepen
dent review by both reviewers. Disagreements about 
inclusion between reviewers were resolved by follow-up 
consultation, and if necessary by a third clinical reviewer 
(Cornella CL). Two reviewers independently extracted 
the following data from each study that met inclusion 
criteria: patient characteristics (age, gender, MELD, 
and etiology of liver disease), study-level characteris
tics (author, publication year, study design, enrollment 
period, target population, total number of enrolled 
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patents, and percentage of patients with PVT) and 
outcomes (mortality and hepatic decompensation). 

Primary and secondary outcomes
Mortality was the primary outcome assessed. Secondary 
outcomes included the presence of or development of 
new gastroesophageal variceal bleeding, ascites, hepatic 
encephalopathy, and an aggregate measure of the 
occurrence of any of these three hepatic decompensation 
outcomes. 

Study quality and risk of bias assessment
The quality of observational studies was assessed 
using the methods described by Stroup et al[12]. Only 
studies deemed high-quality by the investigators were 
included in the analysis. The Newcastle-Ottowa Quality 
Assessment for Cohort Studies scale[13] was used to 
further characterize the quality of studies based on 
selection of study groups, comparability of groups, and 
ascertainment of outcome. The studies are rated on 
an 8-point scale separated by the three broad sections 
delineated above. 

Statistical analysis
Descriptive analysis of the studies identified, excluded, 
and included, and meta-analysis of the reported study 
effect measures, was conducted utilizing review manager 
software (Rev-Man version 5.3; Copenhagen; The Nordic 
Cochrane Centre; The Cochrane Collaboration; 2014). 
We estimated pooled ORs and calculated corresponding 
95%CIs using DerSimonian and Laird random-effects 
models, which account for both between and within 
study variability given that the included studies were 
not functionally identical[14,15]. Between study variability 
was separately assessed using the Cochran’s Q statistic 
(with P < 0.05 considered significant). The proportion of 
heterogeneity accounted for by between-study variability 
was estimated using the I2 index and adjudicated to be 
significant if I2 was > 75%[14,15]. A post-hoc funnel plot 
was created to assess for the presence or absence of 
publication bias.

RESULTS
Included studies 
The electronic search criteria identified 226 studies. 
After ensuring no duplicates were present, we screened 
titles and abstracts. The full text of eleven studies was 
assessed for eligibility. Following the qualitative systematic 
review process, three observational studies met the 

inclusion criteria for the current meta-analysis[7,16,17]. 
Of these, two were retrospective[7,17]. The third study 
followed a prospective cohort of patients[16]. No additional 
studies were appropriate for inclusion based on our 
a-priori determined inclusion and exclusion criteria. Nery 
et al[11] recently published a multicenter prospective 
series of 1243 adult patients with cirrhosis without 
baseline PVT in France and Belgium. About 118 patients 
developed de novo PVT during a median follow-up period 
of 47 mo. This study, while initially considered in full-
text review, was excluded specifically because absolute 
numbers for mortality or individual types of hepatic 
decompensation were not provided; rather, univariate 
and multivariable analysis P-values were provided only 
and only a composite of hepatic decompensation was 
given in absolute number.

The 3 eligible reports evaluated cirrhotic patients that 
did not initially have PVT, but developed it sometime over 
the study period. They each excluded patients with HCC 
and prior transplant. All 3 studies evaluated long-term 
outcomes in cirrhotic patients with PVT compared to 
cirrhotic patients without PVT. Study level characteristics 
are found in Table 1. A summary of the search results is 
presented in Figure 1, reflecting the reporting standards 
of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses[18]. 

The Englesbe et al[7] study assessed a total of 3295 
(148 with PVT and 3147 without PVT) cirrhotic patients 
between 1995-2007. The study assessed patients 
that were being evaluated as candidates for liver trans
plantation that had thrombus in the main portal vein 
only. Patients with partial thrombus or thrombi in portal 
vein branches, without extension into the main portal 
vein were excluded. The Maruyama et al[17] article 
evaluated a total of 150 patients with viral hepatitis, 42 
had PVT (and 108 did not have PVT). The study by John 
et al[16] found 290 patients with cirrhosis, 70 of these 
had PVT and 220 did not. Notably, both the Maruyama 
et al[17] and John et al[16] articles specified patients with 
complete and partial thrombus, unlike the Englesbe 
study[7]. 

In total, the three studies included 3735 cirrhotic 
patients, 260 of which had PVT. Lengths of follow-up 
ranged from less than one month to 136 mo, with mean 
follow-ups ranging from 25 mo to 50 mo. Baseline 
demographic characteristics were similar between PVT 
and non-PVT groups in all 3 studies. There were no 
differences in regards to race, age, gender, causes of 
cirrhosis, or model for end stage liver disease (MELD) 
scores. Demographic and etiologic characteristics of the 
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Table 1  Study level characteristics  n  (%)

Ref. Date published Dates enrolled Enrollment PVT Death - no PVT Death - PVT

John et al[16] 2013 2004-2009   290     70 (24.1)     62 (28.2) 24 (34.3)
Maruyama et al[17] 2013 1998-2009   150     42 (28.0)     21 (19.4)   9 (21.4)
Englesbe et al[7] 2010 1995-2007 3295 148 (4.5) 1171 (37.2) 81 (54.7)

PVT: Portal vein thrombosis.
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Maruyama et al[17] and John et al[16] both received 6/8. 
The potential for publication bias was assessed using a 
funnel plot of the relationship between reported effect 
variance SE(log[OR]) and the reported study OR. 
The plot illustrates the lack of evidence for potential 
publication bias in the three studies-the study with the 
largest effect size is the largest study included while the 
smaller studies have lower effect sizes (Figure 2).

Portal vein thrombosis and mortality
The Englesbe et al[7] article demonstrated an incidence 
rate of 4.5% for PVT. The patients with PVT were at 
significantly higher risk of mortality with an OR of 
2.04 (95%CI: 1.46-2.84) (Figure 3) Conversely, the 
Maruyama et al[17] and John et al[16] studies found higher 
rates of mortality between PVT and non-PVT subjects. 
The OR for mortality for PVT in both studies were 1.13 
and 1.27, respectively but these differences were non-
significant. Pooled analysis of the results reported across 
all 3 studies demonstrates a significantly increased 
risk of mortality in PVT patients (OR = 1.62, 95%CI: 
1.11-2.36, P = 0.01). The Cochran’s Q statistic was non-
significant at P = 0.23 and I2 = 32%, demonstrating 
non-significant heterogeneity of effects reported across 
studies.  

Portal vein thrombosis and hepatic decompensation
Secondary outcomes included episodes of hepatic 
decompensation, including individual cases of ascites, 
variceal bleeding, or portosystemic encephalopathy. 
Both John et al[16] and Maruyama et al[17] demonstrated 
similar effects of PVT on ascites development. John 
et al[16] showed an OR of 1.51 (95%CI: 0.87-2.60) 
compared to an OR of 7.46 (95%CI: 3.38-16.45) in the 
Maruyama et al[17] study (Figure 4). The Englesbe et al[7] 
study was excluded from this portion of analysis since 
they did not report on rates of hepatic decompensation. 
When the pooled OR was evaluated using random-
effects modeling, PVT continued to have statistically 

patients included in each studies are summarized in 
Table 2.

Bias assessment
All 3 studies include cohorts drawn from their abdominal 
transplant clinic population. The patients were truly 
representative of the average transplant population. 
Exposed and unexposed patients (patients with cirrhosis 
with spontaneous PVT and those without PVT) were 
all drawn from their transplant clinic population and all 
information was obtained through medical records in the 
three studies. The Englesbe et al[7] study controlled for 
PVT along with MELD, age, and presence of hepatitis C 
virus in a multivariable logistic regression with survival 
as the outcome. The Maruyama et al[17] study does not 
include a model controlling for covariates. The John et 
al[16] study does control for ascites and renal function, 
however this study created a multivariable model to 
identify predictors for PVT development. All three studies 
had widely variable amounts of follow-up and there is 
no information available on patients lost to follow-up 
for any of the studies. Based on these characteristics, 
the Englesbe et al[7] study received a score of 7/8, while 

216 records identified through database searching

10 records identified through other sources

226 records screened

11 full text articles reviewed

3 studies included in review

215 records excluded

8 full text articles excluded
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Figure 1  The preferred reporting items for systematic reviews and meta-analyses diagram. About 226 records were screened in aggregate; 11 full text articles 
were reviewed; 3 studies met inclusion criteria.
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Figure 2  Funnel plot assessing publication bias. No significant publication 
bias was observed in this study.
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significant higher odds of hepatic decompensation (OR 
= 2.52, 95%CI: 1.63-3.89, P < 0.001). The Cochran’s 
Q statistic and I2 were both significant for heterogeneity 
in this analysis. There was insufficient data available 
to determine the pooled effect on other markers of 
decompensation including gastroesophageal variceal 
bleeding or hepatic encephalopathy.

DISCUSSION 
Our systematic review and meta-analysis is the first 
study to offer a pooled estimate and quantitative 
assessment of the clinical impact of PVT in terms of 

both mortality and hepatic decompensation. We have 
demonstrated a significantly increased rate of mortality 
for patients with cirrhosis and PVT when compared to 
those patients without PVT. This finding is important 
because PVT is a common finding in patients with 
cirrhosis[4,6,19] and one that significantly impairs quality of 
life and post-LT outcomes[7-9]. Several risk factors have 
been suggested to increase the risk of PVT in patients 
awaiting liver transplantation, including non-alcoholic 
steatohepatitis[20]. 

The risk of hepatic decompensation with ascites for 
patients with cirrhosis was also significantly greater 
in the presence of PVT. Evaluating a pooled estimate 

Table 2  Patient level characteristics  n  (%)

Englesbe 20101 John 20132 Maruyama 20133

No PVT (n  = 3147) PVT (n  = 148) No PVT (n  = 220) PVT (n  = 70) No PVT (n  = 108) PVT (n  = 42) 
Sex (M/F) 1905/1242 91/57 144/76 42/28 63/45 22/20
Race
   Black  218 (6.9)   7 (4.7) - - - -
   White - -  184 (83.6) 60 (85.7) - -
   Other  2545 (80.9) 131 (88.5) - -

"Nonblack" "Nonblack" - -
Etiology
   AIH 95 (3)   8 (5.4) - - - -
   Biliary/cholestatic  173 (5.4)   7 (5.4) 24 (11) 5 (7.1) - -
   Alcohol    672 (21.4)   31 (20.9)    37 (16.9) 5 (7.1) - -
   Viral  1253 (39.8)   50 (34.1)    62 (28.3) 16 (27.1) 108 42
   Cryptogenic/NASH    72 (2.3) 0 35 (16) 12 (17.1) - -
   Other    449 (14.3)   22 (14.9)    37 (16.9) 20 (28.6) - -
Age (yr)   51.5 ± 11.2   50.9 ± 10.8 55.8 ± 9.1 58.4 ± 8.8 63.3 ± 8.68 62.4 ± 11
MELD 12.1 ± 7.2 13.3 ± 8.3 13.8 ± 4.5 14.9 ± 5.9      10.2     10.6

1Presence of PVT at time of initial transplant evaluation or during the pre-transplant period; 2PVT category includes patients with PVT at baseline (n = 47) 
and those that developed new PVT during the study period (n = 23); 3Study only assessed patients with viral hepatitis. No data reported for race. PVT: 
Portal vein thrombosis; MELD: Model for end stage liver disease; NASH: Non-alcoholic steatohepatitis; M/F: Male/female; AIH: Autoimmune hepatitis.

PVT No PVT Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Englesbe et al   81 148 1171 3147   54.8% 2.04 (1.46, 2.84)
John et al   24   70     64   220   29.7% 1.27 (0.72, 2.26)
Maruyama et al     9   42     21   108   15.4% 1.13 (0.47, 2.72)

Total (95%CI) 260 3475 100.0% 1.62 (1.11, 2.36)
Total events 114 1256
Heterogeneity: Tau2 = 0.04; χ 2 = 2.96, df = 2 (P  = 0.23); I 2 = 32%
Test for overall effect: Z  = 2.50 (P  = 0.01) 0.01                  0.1                  1                    10                  100

Favours no PVT                       Favours PVT

Figure 3  Portal vein thrombosis and mortality. PVT is associated with an increased pooled risk of death in the absence of significant heterogeneity. PVT: Portal 
vein thrombosis.

PVT No PVT Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
John et al  2013 31   70 76 220   83.0% 1.51 (0.87, 2.60)
Maruyama et al  2013 27   42 21 108   17.0%   7.46 (3.38, 16.45)

Total (95%CI) 112 328 100.0% 2.52 (1.63, 3.89)
Total events 58 97
Heterogeneity: χ 2 = 10.63, df = 1 (P  = 0.001); I 2 = 91%
Test for overall effect: Z  = 4.17 (P  < 0.0001) 0.05         0.2              1               5            20

Favours no PVT               Favours PVT

Figure 4  Portal vein thrombosis and ascites. PVT is associated with an increased pooled risk of hepatic decompensation manifested as ascites. This conclusion 
may be limited by heterogeneity in the included studies. PVT: Portal vein thrombosis.
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of risk for gastroesophageal variceal hemorrhage or 
ascites resulting from PVT could not be performed due 
to the lack of data reporting by the included studies. 
While this has been shown in other studies, these were 
not included due to a lack of a comparison group.

PVT appears to increase mortality and hepatic 
decompensation (composite as well as variceal hemorr
hage and ascites), however, the relatively small number 
of included studies limits generalizable conclusions. Our 
study has several other limitations. Multiple studies with 
a large number of patients were excluded due to a lack 
of a comparison group, and our literature search revealed 
a general lack of randomized controlled trials within 
the context of PVT. The large multicenter prospective 
study by Nery et al[11] was specifically excluded due 
to a lack of absolute numbers and component hepatic 
decompensation assessment. The inclusion of only 
three studies also limits the systematic assessment 
for publication bias and may also have resulted in the 
large degree of heterogeneity seen in calculation of the 
pooled measure of effect for PVT and the development of 
ascites.

Regardless, this current review represents the 
best available summary of the evidence to date and 
highlights a significant need for future research around 
the implications of PVT, especially prospective studies 
with a direct comparator group. Safety and efficacy data 
on both prevention and treatment of PVT is in general 
lacking. Villa et al[21] recently published their unblinded 
randomized, single center experience having found that 
daily prophylactic dosing of low molecular weight heparin 
(the equivalent of 40 mg/d) for twelve months prevented 
the development of PVT in patients with compensated 
cirrhosis. While the study was terminated at 48 wk, 
the effect persisted through follow-up at 5 years when 
compared to standard of care[21]. Additionally, the authors 
demonstrated less hepatic decompensation in the low 
molecular weight heparin arm (P < 0.0001) and a more 
importantly, a significant survival benefit[21]. Building 
on this work, Cui et al[22] published their single center 
randomized trial of 65 patients investigating therapeutic 
doses of low-molecular weight heparin (1 mg/kg every 
twelve hours or 1.5 mg/kg daily), where 78.5% (n = 51) 
responded to treatment with either complete or partial 
recanalization at 6 mo after starting therapy. These 
responders had regression of their liver disease when 
compared directly to the 14 non-responders. Similar to 
Villa et al[21], Cui et al[22] found no episodes of variceal 
hemorrhage, however, they did find much higher rates 
of non-variceal bleeding (6.4%-23.5%). While this 
study has several limitations including its generalizability 
as it only enrolled hepatitis B patients in China, it is 
nonetheless promising. With the development of new oral 
anticoagulants, the promise of treatment and possibly 
prevention is becoming a reality[23]. More rigorous 
study is needed in the field of coagulation disorders 
in a randomized, placebo controlled interventional 
or preventative trial with a direct comparator group 
using either heparin based or new direct acting oral 

anticoagulant therapy. 
In conclusion, PVT appears to increase mortality 

and hepatic decompensation from ascites, however, 
the relatively small number of included studies limits 
generalizable conclusions and contributes significant 
heterogeneity in the pooled measures of effect. More 
prospective, randomized placebo controlled trials with a 
direct comparator group are needed.
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