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Abstract

Hepatocellular carcinoma (HCC) is one of the most
common malighancies leading to high mortality
rates in the general population and the sixth most
common cancer worldwide. HCC is characterized by
deregulation of multiple genes and signalling pathways.
These genetic effects can involve both protein coding
genes as well as non-coding RNA genes. Long non-
coding RNAs (IncRNAs) are transcripts longer than
200 nt, constituting a subpopulation of ncRNAs. Their
biological effects are not well understood compared

WJH | www.wjgnet.com

JRaishideng®

to small non-coding RNA (microRNAs), but they have
been recently recognized to exert a crucial role in
the regulation of gene expression and modulation
of signalling pathways. Notably, several studies
indicated that IncRNAs contribute to the pathogenesis
and progression of HCC. Investigating the molecular
mechanisms underlying IncRNAs expression opens
potential applications in diagnosis and treatment of liver
disease. This editorial provides three examples (MALAT-1
metastasis associated lung adenocarcinoma transcript,
HULC highly upregulated in liver cancer and HOTAIR
HOX transcript antisense intergenic RNA) of well-known
IncRNAs upregulated in HCC, whose mechanisms of
action are known, and for which therapeutic applications
are delineated. Targeting of IncRNAs using several
approaches (siRNA-mediated silencing or changing their
secondary structure) offers new possibility to treat HCC.

Key words: Hepatocellular carcinoma; Epigenetics;
Sequencing; Liver; Long non-coding RNAs

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

Core tip: The long non-coding RNAs discovery opens a
meaningful collision with epigenetics and reveals new
roles of RNA in most of cellular processes. This focus
explores the functional potentiality of RNAs in the liver
in light of most recent knowledge.

Guerrieri F. Long non-coding RNAs era in liver cancer. World J
Hepatol 2015; 7(16): 1971-1973 Available from: URL: http:/
www.wjgnet.com/1948-5182/full/v7/i16/1971.htm DOL: http://
dx.doi.org/10.4254/wjh.v7.116.1971

TEXT

Recent advances in massive parallel sequencing,
especially RNA sequencing (RNAseq), reveal that at
least 90% of the human genome is transcribed into

August 8, 2015 | Volume 7 | Issue 16 |
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non-coding RNAs (ncRNAs), while surprisingly less
than 2% encodes protein-coding genes. Besides the
different types of ncRNAs smaller than 200 nucleotides,
such as microRNAs (miRNAs) or PIWI-interacting RNAs,
a large proportion of human transcriptome results in
RNAs that are longer than 200 nucleotides. Speaking
in terms of numbers, this means that about 9000
small ncRNAs and about 32000 long ncRNAs (IncCRNAs)
have been identified vs 21000 protein coding genes™.
The importance of the IncRNAs has been proven in
recent years, as multiple research groups functionally
characterized the relevant IncRNAs role in development,
epigenetics, cell differentiation and cancer™. Basically,
IncRNAs can be defined as often polyadenylated RNA,
lacking clear open reading frames (ORFs). The
sequence length of this family gives them the ability to
have complex secondary structures and to turn inward
revealing a tertiary structure™. De novo discovery and
expression analysis of IncRNAs by RNAseq allowed
them to be classified along the cell lines, highlighting
that IncRNAs expression is strikingly tissue-specific
compared with coding genes. Batista et a/" also
underline the “address code”, both spatial and temporal,
of the IncRNAs as key components in cell fate during
the development. The repertoire of the functions of
IncRNAs seems to be getting more and more increasing
and spans between transcription and regulation of
messenger RNA (mRNA) processing or translation. They
can act in cis or in trans and the cells can use them to
modulate gene expression as well as to bind miRNAs,
thereby behaving like a sponge in order to protect the
mRNAs target from degradation (ceRNAs)™.,

This editorial focuses on three well-known IncRNAs in
the liver and on their potential application as therapeutic
targets: metastasis associated lung adenocarcinoma
transcript 1 (MALAT-1), highly upregulated in liver
cancer (HULC) and HOX transcript antisense intergenic
RNA (HOTAIR).

LncRNA MALAT-1 is frequently upregulated in both
liver cancer cell lines and hepatocellular carcinoma
(HCC) tissue samples; moreover analysis of clinical data
demonstrated that its level is an independent prognostic
factor for HCC recurrence after liver transplantation™,
potentially acting as a novel biomarker. MALAT-1 is
involved in mRNA splicing™ and may play an essential
role in cell cycle regulation”’. Recent and encouraging
studies indicate that antisense oligonucleotides specific
to match MALAT-1 disrupt its function, attenuating the
corresponding phenotype in cancer cell®™, A treatment
targeting MALAT-1 may be a significant approach in
patients following liver transplantation.

One example of ceRNAs class, which has been well
characterized in the liver, is HULC. The IncRNA HULC is
upregulated in HCC and was found to contain mir-372
binding sites. HULC overexpression can reduce mir-372
level, leading to an induction of PRKACB, which in turn
induces CREB phosphorylation®. Phosphorylated CREB
protein binds to a cAMP response element region, and
is then bound to by CBP, which coactivates it, leading to
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the acetylation of the histone tail and maintaining the
open configuration of the chromatin. This regulatory
circuitry provides an example of gene reprogramming
during tumorigenesis. Interestingly, a recent paper
showed that hepatitis B virus X protein (HBx) positively
correlated with HULC in clinical HCC tissues. Moreover,
HBx also activated the HULC promoter in HepG2
cell lines™. Liu et a™' demonstrated that a single
nucleotide polymorphism at HULC was associated with
decreased sponge activity and decreased HCC risk. It
suggests that therapeutic agents that compete with
miRNA binding may be useful to treat HCC patients!'".

The third well-known IncRNA is HOTAIR, which
is always overexpressed in HCC and liver cancer cell
lines. HOTAIR increases PCR2 recruitment to the
genomic loci and in this way, it mediates the epigenetic
repression of PCR2 target genes, modifying the profile
of positive (H3K4me3) or negative (H3K27me3)
chromatin marks!*. Notably, this kind of IncRNA fits
into the universe of the chromatin world by changing its
structure. An increasing number of chromatin-associated
proteins have been implicated in RNA binding, support-
ing the idea that epigenetic effects are RNA-dependent.
Altering the secondary structure of HOTAIR may
prevent to embed PCR2 and the consequent aberrant
epigenome™?,

All together, these evidences suggest that IncRNAs
are strongly associated with liver cancer and they have
real potential roles as biomarkers for disease diagnosis,
prognosis, or therapeutic response as well as direct
targets for therapeutic intervention.
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Abstract

The natural history of cirrhosis can be divided into an
initial stage, known as compensated cirrhosis, and an
advanced stage which encompasses both decompensated
cirrhosis and acute-on-chronic liver failure (ACLF). The
latter syndrome has been recently described as an acute
deterioration of liver function in patients with cirrhosis,
which is usually triggered by a precipitating event and
results in the failure of one or more organs and high
short-term mortality rates. Each stage is characterized by
distinctive clinical manifestations and prognoses. One of
the key elements involved in cirrhosis physiopathology
is systemic inflammation, recently described as one of
the components in the cirrhosis-associated immune
dysfunction syndrome. This syndrome refers to the
combination of immune deficiency and exacerbated
inflammation that coexist during the course of cirrhosis
and relates to the appearance of clinical complications.
Since systemic inflammation is often difficult to assess
in cirrhosis patients, new objective, reproducible and
readily-available markers are needed in order to optimize
prognosis and lengthen survival. Thus, surrogate serum
markers and clinical parameters of systemic inflammation
have been sought to improve disease follow-up and
management, especially in decompensated cirrhosis and
ACLF. Leukocyte counts (evaluated as total leukocytes,
total eosinophils or neutrophil:lymphocyte ratio) and
plasma levels of procalcitonin or C-reactive protein
have been proposed as prognostic markers, each with
advantages and shortcomings. Research and prospective
randomized studies that validate these and other markers
are clearly warranted.
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Core tip: Due to the overwhelming evidence that
sustains systemic inflammation influences the natural
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history of cirrhosis, a review of its current prognostic
markers is necessary to highlight their strengths and
weaknesses and stimulate further clinical research on
this subject.
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INTRODUCTION

Liver cirrhosis is the final phase of all progressive and
chronic liver diseases. The natural history of cirrhosis
occurs in stages: an initial stage termed compensated
cirrhosis and an advanced stage that includes both
decompensated cirrhosis and acute-on-chronic liver failure
(ACLF), each aspect with distinct clinical manifestations
and prognoses™™™. The physiopathology of cirrhosis is
determined by multiple factors of varying importance,
including oxidative stress, systemic inflammation,
and organ dysfunction™, Systemic inflammation has
traditionally been evaluated by the presence of the
systemic inflammatory response syndrome (SIRS), a
state in which clinical and biochemical parameters such
as heart and respiratory rate, white cell count, and body
temperature are altered. SIRS is associated with organ
dysfunction in cirrhosis patients and with the outcome
of ACLFP®L, Cirrhosis patients often exhibit systemic
inflammation together with immune deficiency as part
of the cirrhosis-associated immune dysfunction (CAID)
syndrome™. Because systemic inflammation contributes
to the evolution of cirrhosis, several serum markers and
clinical parameters of inflammation have been evaluated
as prognostic markers for the late stages of cirrhosis. In
this article we outline the stages and physiopathology of
cirrhosis, focusing on systemic inflammation, currently-
described clinical and biochemical inflammation markers,
and their potential utility as prognostic tools.

NATURAL HISTORY OF CIRRHOSIS: THE
SLOW LANE AND THE SHORTCUT

If the natural history of cirrhosis is considered from
a clinical point of view, the disease can be divided
into sequential stages” of varying speeds (Figure 1).
The traditional clinical classification defines an initial
stage, termed compensated cirrhosis, characterized
by the absence of complications such as variceal
bleeding, ascites, and hepatic encephalopathy. Portal
hypertension may already be present (evident by
the presence of varices), though below the clinically-
relevant threshold®®*”, The initial stage has a low risk
for decompensation (7%-10%) and death (1%-3.4%)
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which is associated with a lower hepatic venous
pressure gradient (HPVG)™®'", The advanced stage of
cirrhosis can be divided according to speed and severity.
The “slow lane”, termed decompensated cirrhosis, is
represented by the multi-step occurrence of cirrhosis-
related complications'*?.. Progression to decompensated
cirrhosis occurs in 5%-7% of compensated cirrhosis
patients per year™?. Sub-classifications of this stage
have been suggested by D’Amico et al”, separating
patients with ascites with or without esophageal varices
that have never bled (associated mortality rate of 20%
per year) from those who suffered gastrointestinal
bleeding with or without ascites (associated mortality
rate of 57% per year). The identified prognostic factors
are not only associated with portal hypertension but
also with liver function deterioration; thus, these factors
include the Child Pugh score, the Model for End-Stage
Liver Disease (MELD) score, patient age, and the HPVG.
Despite the fact that hemodynamic and clinical variables
are key determinants in cirrhosis-associated mortality'”,
other events have been linked to poor prognoses. This
is the case with bacterial infections, which increase
the mortality rate four-fold independently of cirrhosis
severity™*,

The “shortcut” in the advanced stage is represented
by ACLF. This syndrome is defined as an acute deterio-
ration of liver function in patients with cirrhosis, which
is usually triggered by a precipitating event and results
in the failure of one or more organs and high short-
term mortality rates (up to 78% in a three-month
period)®***'7] ACLF does not always appear as a late
or terminal event in cirrhosis, since it can occur in the
absence of a prior history of decompensated cirrhosis or
a few weeks after the first episode of decompensation.
Furthermore, ACLF is not a temporally-fixed syndrome;
patients may progress or improve in a dynamic fashion.
The ACLF mortality risk increases remarkably with the
number of organs that fail; hence, several independent
prognostic scores are used to better assess mortality in
these patients!* 6524,

INFLAMMATION IS A KEY FACTOR
IN THE PATHOGENESIS OF
DECOMPENSATED CIRRHOSIS AND
ACLF

Systemic inflammation and immune system dys-
regulation are now proposed to integrate the main
physiopathological pathway involved in the natural
history of cirrhosis™®?***). The recently-described
CAID syndrome refers to the combination of immune
deficiency and systemic inflammation that occurs as
a consequence of persistent immune cell activation
through infectious and non-infectious stimuli. These
two components coexist in a dynamic manner from the
initial to the final stages of cirrhosis, though in different
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Figure 1 Natural history of cirrhosis. The classical compensated and decompensated phases of cirrhosis are divided by the presence of specific complications and
marked by stable progression. A possible shortcut may occur after a decompensating event in any phase of cirrhosis, hastening the development of organ failure and

a worse prognosis; this syndrome is termed acute-on-chronic liver failure (ACLF).

magnitudes along the way****,

IMMUNE SYSTEM DAMAGE

The immune system alterations in cirrhosis are
thought to be multifactorial and occur in a multi-step
manner. The local injury takes place in the liver, where
architectural disorganization caused by sinusoidal fibrosis
impairs bacterial clearance®**, Concomitantly, there
is a diminished synthesis of innate immune system
proteins and pattern recognition receptors (i.e., Toll-like
receptors) that, together, reduce the bactericidal capacity
of the cells of the innate immune system (e.g., stellate
cells, neutrophils, natural killers, macrophages)®>?°..
As cirrhosis progresses, another key organ is affected:
the gut. The gut-associated lymphoid tissue (GALT)
is the first immunological barrier of defense against
antigens and pathogens entering the organism from the
intestine™®”, In advanced cirrhosis, the GALT is under the
constant pressure of pathological bacterial translocation
(BT) and bacterial products translocation that results
from a leaky gut, an elevated enteric bacterial load, and
changes in intestinal microbiota populations towards
pathogenic species (dysbiosis)?*?®3%, Finally, at a
systemic level, immune cell function is compromised
not only due to cytopenia, secondary to enlarged spleen
sequestration when significant portal hypertension
is present, but also affecting each cellular line indivi-
dually!®*®, In advanced cirrhosis, neutrophils have
been shown to have deranged phagocytic activity of
opsonized bacteria®®, as well as monocytes, that also
exhibit impaired phagocytosis and diminished major
histocompatibility complex class II protein expression
when located in ascitic fluid®”, B lymphocytes show
particular dysfunctions in their memory cell subset, and
T lymphocytes display specific depletions of their helper
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and cytotoxic subsets®®*, These alterations become
more significant as liver cirrhosis progresses. Eventually,
the long-lasting activation of immune cells causes their
exhaustion and reprogramming into a transient state of
unresponsiveness to further bacterial product challenge;
this phenomenon is termed “endotoxin tolerance®#%%4°1,

SYSTEMIC INFLAMMATION: THE GUILTY
PARTY

Damage to the immune system is only one half of the
problem. Systemic inflammation is mediated through
the activation of all innate and adaptive immune cells,
resulting in an increased production of pro-inflammatory
cytokines and upregulated expression of cell activation
markers>*>*%?l In compensated cirrhosis, ligands
released from necrotic hepatocytes, known as damage-
associated molecular patterns (DAMPs), may activate
the immune system and cause sterile systemic inflam-
mation. In decompensated cirrhosis, other ligands
also appear. Systemic inflammation is thought to be
primarily triggered by BT or bacterial products (e.g.,
lipopolysaccharide, methylated DNA) translocated from
the intestinal lumen into the circulation. In this case,
the culprits are termed pathogen-associated molecular
patterns (PAMPs)P>%'** At the decompensated stage,
due to portal hypertension and the leaky gut, persistent
BT further activates the immune system. In response
to the continuous influx of PAMPs, the levels of pro-
inflammatory cytokines and leukocyte activation
antigens significantly increase™**”). Numerous cytokines
and activation antigens are involved in this initial “pro-
inflammatory” phenotype, such as tumor necrosis
factor-a, interleukine-1 beta (IL-1B), IL-6, interferon-y,
IL-17, IL-18, ICAM-1, and VCAM-1. Concomitantly,
the levels of anti-inflammatory cytokines (e.g., IL-10,
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Table 1 Proposed inflammation-related prognostic markers in advanced cirrhosis

Marker Ref. Prognostic implications Study population Limitations
SIRS [52,53-55] Portal hypertension-related =~ Decompensated cirrhosis patients admitted Baseline elevated heart rate, respiratory
complications and death for acute decompensating events frequency, and decreased PMN count in
cirrhosis
Total leukocyte [16,48,56,57] Development of ACLF, ACLF ACLF Hypersplenism possible cause of PMN
count progression, ACLF related- count reduction, lack of clinically
mortality validated cut-off point
Absolute [58] Short-term mortality Decompensated cirrhosis patients admitted No external validation
eosinophil count for acute decompensating events
Neutrophil: [59] Short-term mortality End-stage cirrhosis patients listed for liver No external validation
lymphocyte ratio transplant
PCT [62,63] Infection, short-term mortality Decompensated cirrhosis patients admitted = Lack of studies in non-infected cohorts
for acute decompensating events
CRP [62-68] Infection, short-term mortality, Decompensated cirrhosis patients admitted ~ Utility in organ allocation and HCC

HCC-related mortality

for acute decompensating events

prognostic scores still to be validated

SIRS: Systemic inflammatory response syndrome; PMN: Polymorphonuclear leukocyte; ACLF: Acute-on-chronic liver failure; PCT: Procalcitonin; CRP:

C-reactive protein; HCC: Hepatocellular carcinoma.

transforming growth factor-p) are decreased™®*+**,
In the more advanced stages of cirrhosis, the immune
system is exhausted and unable to mount functional
innate and adaptive immune responses, resembling
an endotoxin tolerance scenario. At this point, an
“immunodeficient” phenotype is observed, characterized
by increased levels of anti-inflammatory cytokines and
leukocyte inhibitory antigens and deteriorated immune
cell function®®?****!, An extreme version of this scenario
has been suggested to be the underlying mechanism in
ACLF, in which an immune-paresis state similar to sepsis
occurs™™,

These clinical stages may have a gradual (decom-
pensated cirrhosis) or abrupt (ACLF) onset and a
dynamic evolution™. The excessive activation of the
immune system may contribute to the symptoms of
cirrhosis because systemic inflammation and oxidative
stress, modulated by glutaminase gene alterations,
have been described as the underlying mechanisms for
hepatic encephalopathy™ Y, A similar scenario has been
proposed for ascites, since pro-inflammatory cytokines are
responsible for the local release of nitric oxide and other
vasodilators; this leads to the hyperdynamic circulatory
state found in decompensated cirrhosis, effective
hypovolemia, activation of the renin angiotensin system,
and ultimately ascites formation®*’). In the absence of
an acute superimposed injury, these events and the
progressive impairment of left ventricular function™**
eventually lead to circulatory and renal dysfunction.
Several studies have described renal damage to be
mediated specifically by pro-inflammatory cytokines,
PAMPs, and DAMPs, which reduce the glomerular filtration
rate and damage tubular epithelial cells™****, In ACLF
the extreme manifestations of CAID are observed. The
associated prognosis is directly related to the severity
of systemic inflammation and the number of organ
failurest*¢ 81,
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CLINICAL IMPLICATIONS OF SYSTEMIC
INFLAMMATION IN CIRRHOSIS:
IDENTIFICATION OF PROGNOSTIC
FACTORS

Due to the overwhelming evidence implicating systemic
inflammation in the natural history of cirrhosis, several
easily available serum markers and clinical parameters
have been proposed as prognostic tools to improve
follow-up and management, especially in decompensated
cirrhosis and ACLF. These markers are summarized in
Table 1 and described further.

SIRS

SIRS is defined by the presence of at least two of the
following criteria: altered body temperature (> 38 °C or
< 36 C), elevated respiratory rate or hyperventilation
(20 breaths/min or PaCO: < 32 mmHg), tachycardia
(heart rate > 90 beats/min), and altered leukocyte count
(> 12000/mm>, < 4000/mm?, or > 10% immature
forms)™ . The presence of SIRS has been associated
with worse outcomes in the setting of decompensated
cirrhosis. In a study evaluating a cohort of cirrhosis
patients admitted for acute renal failure, the presence of
SIRS was found to be a major independent prognostic
factor, independent of infection™. The presence of SIRS
was also found to predict the development of portal
hypertension-related complications and death in cirrhosis
patients having an episode of acute decompensation®®,
In two similar studies with larger cohorts, SIRS was found
to be an independent predictor of poor outcome®**"),
Hence, SIRS could be considered an additional prognostic
factor for the severity of liver disease. Unfortunately,
this syndrome can be difficult to assess in cirrhosis
patients. Hypersplenism, hyperventilation associated
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with encephalopathy, hyperkinetic circulatory syndrome,
or the use of beta blockers may modify the clinical or
biochemical parameters of SIRS™*?. New markers of SIRS
that are less subject to heterogeneous findings would
thus be particularly useful in cirrhosis.

LEUKOCYTE COUNT

Leukocyte count is an isolated element of SIRS frequently
identified as a surrogate marker of this syndrome. In
a large prospective observational study performed by
the Chronic Liver Failure Consortium that aimed to
describe the clinical features and prognostic factors of
ACLF, leukocyte count was found to be an independent
predictor of the development of ACLF, its severity, and its
associated mortality™®*®. In a large collaborative study
in infected ACLF patients, leukocyte count was found to
be an independent predictor of short-term mortality™?.
This finding has also been reported in ACLF patients
without infectious decompensating events. In a study
evaluating the relationship between portal hypertension
and systemic inflammation in alcohol-related ACLF,
disturbances in systemic and hepatic hemodynamics
were associated with dysregulated inflammation,
revealed by higher levels of leukocytes, C-reactive
protein (CRP), and pro-inflammatory cytokines. These
elevations, together with multi-organ failure and a
marked activation of the sympathetic nervous system,
were found to be predictors of higher mortality rates®".
Leukocyte subsets and ratios have also been suggested
as prognostic tools. In a study by Kotecha et af®”, that
evaluated the role of absolute eosinophil count and
procalcitonin (PCT) in predicting in-hospital mortality
of admitted cirrhotic patients with SIRS, the baseline
absolute eosinophil count of less than 104 cells/mm’
accurately predicted in-hospital mortality in critically-ill
cirrhosis patients with SIRS, independent of the MELD
score or serum sodium levels. In addition, the neutrophil:
lymphocyte ratio was described as an independent risk
factor for death in a cohort of end-stage cirrhosis patients
listed for liver transplantation®™. Despite the fact that
leukocyte count has been consistently defined as a risk
factor for mortality in severely-ill cirrhosis patients, there
are some drawbacks to this marker. One is the lack of
a cut-off point for individual patient evaluation (i.e., the
specific mortality expected in an ACLF patient with a
leukocyte count of 11000/mm? is unknown), diminishing
its utility in everyday practice; such a cut-off point has
only been determined for eosinophil count, without
further external validation. In addition, the majority of
these studies were conducted completely or partially in
infected or alcohol-related ACLF patients, two etiologies
associated with higher leukocyte counts per se, with
only subgroup results available for the uninfected ACLF
cohorts.

CRP AND PROCALCITONIN

Both serum proteins are tightly associated with SIRS.
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CRP, the prototype human acute phase protein, is a well-
known marker of inflammation and is one of the most
frequently-quantified molecules in clinical medicine®.
CRP is synthesized mainly in the liver. CRP and PCT, a
prohormone used as a marker of bacterial infections,
is produced by most parenchymal tissues throughout
the body during the acute phase of infection by these
microorganisms'®. Assays for CRP and PCT are readily-
available, inexpensive, and more accurate than clinical
parameters of SIRS for the identification of systemic
inflammation. Both proteins have been evaluated as
prognostic markers for short-term mortality in cirrhosis
patients, usually in the context of infection®®*®*, How-
ever, CRP has also been suggested to be a useful tool
independent of infection. In the prospective study by
Cervoni et al®® where the utility of CRP as a mortality
risk factor in cirrhosis inpatients was evaluated, CRP
levels = 29 mg/L were found to be independent
predictors of short-term mortality in cirrhosis patients
with Child-Pugh scores = B8, independent of age, MELD
score, and co-morbidities; in this regard, CRP performed
better than the presence of infection or SIRS. Di Martino
et al*” included CRP variation over 15 d as an additional
element in the MELD score to better assess short-
term mortality in decompensated cirrhosis patients.
The inclusion of CRP improved MELD score accuracy
in severely-ill cirrhosis patients admitted for acute
decompensating events, but not in cirrhosis patients
with planned admissions due to endoscopic procedures,
etd®”, Although CRP may be a useful addition to the
MELD score in the setting of decompensated cirrhosis,
several factors (e.g., the usage of different CRP cut-off
values according to the severity of cirrhosis and the need
for two measurements of CRP in samples obtained 15
d apart) have reduced the utility of using CRP in organ
allocation™®.

The use of CRP as a surrogate marker of survival has
been studied in the setting of hepatocellular carcinoma
(HCC). The presence of CRP levels > 6.3 mg/L, together
with a neutrophil:lymphocyte ratio > 2.3, was identified
as an independent risk factor for lower survival in HCC
patients. Similar findings were attained when CRP
levels were compared to the levels of serum albumin: a
CRP:albumin ratio of = 0.037 was found to be an inde-
pendent survival factor in HCC patients and correlated
with tumor progression and reduced liver functional
reservel’”, Furthermore, it has been proposed that
the addition of CRP to the currently-validated staging
systems for HCC (e.g., the Cancer Liver Italian Program,
Japan Integrated Staging, Barcelona Clinic Liver Cancer
classification system, Tokyo score, and tumor node
metastasis classification) could improve their prognostic
abilities™™,

FUTURE DIRECTIONS

The crucial role of systemic inflammation in the patho-
physiology and prognosis of cirrhosis patients has been
thoroughly described. Since SIRS is often difficult to
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assess in cirrhosis patients, new objective, reproducible
and readily-available surrogate markers are needed
in order to optimize prognosis and lengthen survival.
Leukocyte count, neutrophil:lymphocyte ratio, and
absolute eosinophil count have been proposed, though
with no clear cut-off points or extensive validation so far.
PCT has also been suggested, yet its utility appears to
apply exclusively to infected patients. CRP is useful as a
prognostic marker in decompensated cirrhosis patients
and ACLF despite the presence of infection, as well as
in HCC. However, the value of adding CRP to current
prognostic scores remains to be confirmed. Further
basic research and prospective randomized studies that
validate these and other markers are clearly warranted.
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Abstract

Hepatic fibrosis is a wound-healing response to liver
injury and the result of imbalance of extracellular matrix
(ECM) accumulation and degradation. The relentless
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production and progressive accumulation of ECM can
lead to end-stage liver disease. Although significant
progress has been achieved in elucidating the mecha-
nisms of fibrogenesis, effective anti-fibrotic strategies
are still lacking. Autophagy is an intracellular process of
self-digestion of defective organelles to provide material
recycling or energy for cell survival. Autophagy has
been implicated in the pathophysiology of many human
disorders including hepatic fibrosis. However, the exact
relationships between autophagy and hepatic fibrosis
are not totally clear and need further investigations.
A new therapeutic target for liver fibrosis could be
developed with a better understanding of autophagy.

Key words: Autophagy; Liver fibrosis; Hepatic stellate
cells; Antifibrotic target

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

Core tip: Autophagy plays dual roles in hepatic fibrosis.
On the one hand, it attenuates fibrosis by reducing
hepatic injury v/a inhibiting inflammatory reaction
and maintaining cellular homeostasis. On the other
hand, it fuels activation of hepatic stellate cells (HSCs)
by lipophagy and induces type I collagen synthesis.
More studies using Atg selective knockdown mice
or primary HSCs derived from Atg-deleted mice are
needed. Selective inhibition of autophagy in HSCs is an
attractive antifibrotic strategy.

Mao YQ, Fan XM. Autophagy: A new therapeutic target for liver
fibrosis. World J Hepatol 2015; 7(16): 1982-1986 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i16/1982.
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FIBROSIS

Liver fibrosis is a wound-healing response to a range
of chronic liver diseases of different etiology, and drives
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the progression of chronic hepatic diseases towards
advanced liver cirrhosis and even hepatic carcinoma.
Effective therapies are lacking besides diet control and
physical exercise. Persisting parenchymal cell injury
results in recruitment of immune cells, and activation
and accumulation of fibrogenic cells. As the main source
of liver fibrogenic cells, hepatic stellate cells (HSCs) lose
cytoplasmic lipid droplets composed of retinyl esters
to transdifferentiate from quiescent cells to activated
myofibroblasts upon liver injury!!. Myofibroblasts
synthesize and secrete extracellular matrix (ECM) in
an attempt to limit liver injury™®. In addition, they also
produce a wide range of matrix metalloproteinases
(MMPs) that degrade ECM, and specific tissue inhibitors
of metalloproteinase to inhibit activation of MMPs®.. In
brief, hepatocyte injury, immune cell recruitment, and
fibrogenic cell activation contribute to the imbalance of
ECM accumulation and degradation, which ultimately
lead to fibrosis.

AUTOPHAGY

Autophagy is a catabolic intracellular pathway, targeting
defective or excessive organelles to the lysosomes
for degradation into amino acids, free fatty acids or
other small molecules used for material recycling or
energy harvest. Autophagy, usually stimulated by
energy restriction, stress or inflammation, is regarded
as a survival mechanism that plays a critical role in
maintaining cellular homeostasis, which is involved in
many human disorders including fibrotic disease. Three
different kinds of autophagy are defined based on
how the substrates are delivered to the lysosomes for
degradation: macroautophagy, microautophagy, and
chaperone-mediated autophagy, with macroautophagy
being the major type. Although it is regarded as a cell-
protective mechanism, excessive autophagy can cause
cell death, known as type II programmed cell death™.
However, it is unclear whether autophagy directly
executes cell death or is a secondary effect of apoptosis.
Autophagy can be considered a double-edged sword™,
and more investigations are needed to explore the
complicated roles of autophagy.

AUTOPHAGY IN FIBROSIS: "HERO" OR
"VILLAIN"?

Autophagy reduces fibrosis by hepatocyte injury
attenuation

An increasing body of evidence supports the notion that
autophagy participates in the pathophysiology of many
human disorders including hepatic fibrosis. However,
whether it is a hero or villain in hepatic fibrosis is still
controversial.

Recent studies have demonstrated that autophagy
impairment results in liver disease exacerbation due
to reduction of degradation of defective organelles
and unfolded proteins, which causes oxidative and
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endoplasmic reticulum stress’®® (Figure 1). Autophagy
is increased in mice treated acutely with alcohol, in
parallel with a marked reduction of serum inflammatory
markers and tissue triglyceride level™®. Autophagy
may degrade activated caspase-8, a death receptor™",
thus exhibiting an antifibrotic effect by limiting liver
injury. Furthermore, in a-1 antitrypsin (AT) deficiency,
a disease in which the a-1 AT mutant Z protein results
in protein aggregation and chronic liver injury, an
autophagy-enhancing drug was demonstrated to reduce
the hepatic load and reversed fibrosis!*.. Collectively, all
the studies consistently supported that autophagy acted
as a hero in hepatic fibrosis.

Controversial issues of autophagy and HSC activation
It had been unclear whether autophagy participates
in HSC activation until the study of Zhu et a/™ in
1999, which demonstrated that rapamycin, a known
immunosuppressive agent, inhibited HSC proliferation
and limited fibrogenesis in mouse models treated with
carbon tetrachloride (CCls). They further demonstrated
that rapamycin decreased HSC proliferation. As an
immunosuppressant, rapamycin inhibited growth factor
signaling in nonimmune as well as immune cells™,
which may largely explain its antifibrotic effect. The
authors pointed out that mammalian target of rapamy-
cin (mTOR) negatively regulated autophagy. The
binding of rapamycin and mTOR appeared to block
interleukin-2-dependent proliferation of T cells and even
other cells™, Similar results were gained in another two
studies!>*®'. However, it is unfortunate that no one has
detected any change in autophagy during improvement
of fibrosis, because rapamycin or its analogs stimulate
autophagy by inhibiting mTOR. The antifibrotic effect
of rapamycin depends on its antiproliferative effect
on fibrotic cells or the indirect effect of autophagy
stimulation remains unclear.

Fortunately, 10 years later, another study discovered
that autophagic flux was increased during HSC activation
and was inhibited by bafilomycin Al, an autophagy
inhibitor. HSC activation was blocked by 3-methyladenine
(MA) or chloroquine, suggesting that inhibition of HSC
activation could be achieved by interruption of different
phases of autophagy"”.. This evidence strongly indicates
that autophagy is involved in HSC activation (Figure 1).
Another discovery that merits further consideration is
that platelet-derived growth factor BB, which activates
HSCs, stimulates the location of microtubule associated
protein light chain 3 II, an important biomarker protein
of autophagy and lipid droplets, implying a potent
relationship between HSC activation and lipid meta-
bolism.

Hernandez-Gea et a*® have shown that autophagy
releases lipid that promotes fibrogenesis by activating
HSCs in mice and in human tissues. Inhibition of
autophagy by pharmacological antagonism or Atg5 and
Atg7 knockdown in mice also resulted in attenuation of
fibrogenesis, as well as increased lipid content in stellate
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Figure 1 Mechanisms involved in autophagy and fibrosis. (1) Phos-
phoinositide 3-kinase promotes phosphorylation of AKT, which subsequently
leads to stimulation of mTOR and inhibition of autophagy. mTOR activation
promotes hepatic fibrosis; (2) Autophagy fuels HSC activation, leading to
hepatic fibrosis; (3) TGF-B promotes collagen synthesis and fibrosis via
the Smad pathway. Furthermore, TGF-B stimulates autophagy via the non-
Smad TAK1/MMK3/P38 pathway, leading to collagen degradation and fibrosis
reduction; and (4) Autophagy attenuating ER stress and oxidative stress, and
ultimately reduces fibrosis. mTOR: Mammalian target of rapamycin; HSC:
Hepatic stellate cells; TGF-B: Transforming growth factor-B; TAK1/MMK3/P38:
TGF-B-activated kinase 1-MAPK kinase 3-p38.

cells isolated from Atg7F/F mice™®. Likewise, HSC-
specific deletion of Atg7 in mice which were treated
with either CCls or thioacetamide, also lead to obvious
reduction of tissue fibrosis with preserved intracellular
lipid droplets™. These results strongly support that
autophagy induces tissue fibrogenesis by degradation of
intracellular lipid droplets, which is known as lipophagy.
Autophagy is a generalized feature of fibrotic cells,
and a similar phenomenon is not only observed in the
liver, but also in other organs such as the kidneys and
lungs™.

Autophagy and transforming growth factor-31 related
signaling pathways

Transforming growth factor (TGF)-B1 is a classical
signaling pathway in liver fibrosis and induces auto-
phagy™, suggesting that autophagy participates in
fibrosis via the TGF-B pathway. TGF-p1 may stimulate
autophagy via the TGF-B-activated kinase (TAK)1-
MAPK kinase (MKK)3-p38 and TAK1-AMP-activated
protein kinase (AMPK) pathways, leading to profibrotic
responses®!! (Figure 1). However, it is plausible that
TGF-B acts as both an apoptosis promoter and suppre-
ssor, which may relate to its regulation of autophagy,
and plays dual roles in apoptosis®®. TGF-p protects
glomerular mesangial cells from apoptosis during serum
deprivation via autophagy induction®”. Moreover, TGF-8
is involved in ECM synthesis and degradation. One study
showed that TGF-B induced autophagy in MMC via the
TAK1-MKK3-p38 signaling pathway, and autophagy
promoted intracellular degradation of collagen (Figure
1). The dual functions of TGF-B as both an inducer of
collagen synthesis and an inducer of autophagy and
collagen degradation underscore the multifunctional
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Autophagy and collagen degradation

Genetic and pharmacological inhibition of autophagy in
mice resulted in increased levels of type I collagen in
mouse kidneys and primary mesangial cells, suggesting
that autophagy promotes intracellular degradation of
type I collagen, which is a major component of ECM™!,
Autophagy attenuates endoplasmic reticulum stress
by eliminating misfolded procollagen™®. Furthermore,
Beta (2)-adrenergic stimulation triggers autophagy in
cardiac fibroblasts and promotes intracellular collagen
degradation and inhibits cardiac fibrosis™®!. However,
this effect has been demonstrated in other organs,
and whether it exhibits the same effect in liver remains
unclear.

The above studies marked a milestone in the
exploration of the role of autophagy in hepatic fibrosis.
Autophagy is mostly a cell survival mechanism that
attenuates hepatic inflammatory injury and ultimately
inhibits liver fibrosis. Given more insight into the role
of autophagy in HSC activation, we have realized a
new perspective that autophagy is responsible for
activation of HSCs and other hepatic fibrogenic cells,
by intracellular lipid degradation, leading to fibrosis.
TGF-B induces autophagy, therefore, its role in liver
fibrosis needs further investigation. We have to take
into account that although autophagy may be a critical
pathway in ameliorating hepatic injury in the short
term, its long-term effect in fibrogenic cells may worsen
chronic liver diseases, which could be regarded as a side
effect in antifibrotic therapy™?.

We suggest that if autophagy could be selectively
inhibited in HSCs and other fibrotic cells, autophagy
special blocker would be an attractive candidate of
antifibrotic strategies. Nonetheless, inhibition of cell-
specific autophagy is exciting, yet more challenging in a
tissue containing various types of cells. Further research is
needed, targeting different receptors on the cell surface
that may activate different effect of autophagy. It would
also be useful to determine whether HSC activation is
completely blocked by autophagy inhibition or just partly
reversed to a quiescent phase, and the appropriate
extent and time of autophagy should be seriously
considered. Several genes participate in induction of
autophagy. This raises the question of whether there
is a link between autophagy and HSC phenotypic
transformation.

Controversial issues of autophagy and mTOR

The data from Thoen et a/*®! seem to contradict
the HSC-activating yet autophagy-inhibiting effect
of mTOR™”, because mTOR contributes to cell pro-
liferation, including HSCs™*?®, Likewise, it has been
demonstrated that rapamycin, an mTOR target inhibitor
and autophagy stimulator, reduces liver fibrosis!*****¢!,
which is contradicted by later studies showing that
autophagy induces HSC activation. Liu et ai®® have
indicated that autophagy inhibitor 3-MA significantly
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inhibits proliferation and activation of HSCs by arresting
the cells in G2 phase. Whether autophagy inhibits or
promotes HSC proliferation is controversial. Whether
the inhibitory effect on proliferation of fibrogenic cells
depends on mTOR inhibition itself or an indirect action
on autophagy remains unclear. In a recent study, TGF-p
rapidly activated its canonical Smad signaling pathway,
and recruited a noncanonical pathway involving mTOR
kinase to induce matrix protein collagen I expression,
thus inducing fibrosis®*”, Therefore, it is essential to
investigate the relationship among mTOR, autophagy,
and HSC proliferation. Few studies have focused on lipid
metabolism and HSC activation, leaving the mechanism
of intracellular lipid degradation poorly understood.
More research, especially with selective knockdown of
Atg in mice, or HSCs derived from Atg-deleted mice, will
shed light on this”®,

Finally, we hypothesize that since fibrosis is the result
of imbalances of ECM accumulation and degradation,
could it be a new direction to focus on the translocation
of ECM turning into cell from extracellular matrix. Then
intracellular matrix could be enclosed by autophagosome
and subsequently fuses with lysosome to be degraded.
Since autophagy has been demonstrated to promote the
degradation of type I collagen in kidney, some level of
autophagy may help in treatment of hepatic fibrosis.

CONCLUSION

Autophagy is a novel target playing dual roles in human
diseases including liver fibrosis. Autophagy may help
cells to live through stress conditions and attenuate
inflammation, leading to fibrosis reduction. Autophagy
is involved in collagen degradation, which may con-
tribute to fibrosis attenuation. However, autophagy
fuels HSCs to be activated and promote fibrosis. The
effect of autophagy on liver fibrosis is complex and still
controversial. With a better understanding of the effects
of autophagy on hepatic fibrosis, autophagy may have
potential as a target of antifibrotic therapy.
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Abstract

With the widespread of cross-sectional imaging, a growth
of incidentally detected focal liver lesions (FLL) has
been observed. A reliable detection and characterization
of FLL is critical for optimal patient management.
Maximizing accuracy of imaging in the context of
FLL is paramount in avoiding unnecessary biopsies,
which may result in post-procedural complications. A
tremendous development of new imaging techniques
has taken place during these last years. Nowadays,
Magnetic resonance imaging (MRI) plays a key role
in management of liver lesions, using a radiation-free
technique and a safe contrast agent profile. MRI plays
a key role in the non-invasive correct characterization
of FLL. MRI is capable of providing comprehensive
and highly accurate diagnostic information, with
the additional advantage of lack of harmful ionizing
radiation. These properties make MRI the mainstay for
the noninvasive evaluation of focal liver lesions. In this
paper we review the state-of-the-art MRI liver protocol,
briefly discussing different sequence types, the unique
characteristics of imaging non-cooperative patients and
discuss the role of hepatocyte-specific contrast agents.
A review of the imaging features of the most common
benign and malignant FLL is presented, supplemented
by a schematic representation of a simplistic practical
approach on MRI.

Key words: Malignant; Benign; Magnetic resonance
imaging; Focal liver lesions; Hepatobiliary contrast
agents

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

Core tip: With the widespread of cross-sectional
imaging, a growth of incidentally detected focal liver
lesions (FLL) has been observed. A reliable detection
and characterization of FLL is critical for optimal
patient management. Magnetic resonance imaging
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(MRI) plays a key role in non-invasive characterization
of FLL. The multiparametric ability of pre- and post-
contrast sequences is an intrinsic advantage of MRI to
reach an accurate diagnosis. New techniques such as
diffusion-weighted sequences and hepatocyte-specific
contrast agents are being currently used in clinical
practice, which might further improve the detection
and characterization of FLL.

Matos AP, Velloni F, Ramalho M, AlObaidy M, Rajapaksha A,
Semelka RC. Focal liver lesions: Practical magnetic resonance
imaging approach. World J Hepatol 2015; 7(16): 1987-2008
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i16/1987.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i16.1987

INTRODUCTION

With the widespread of cross-sectional imaging, a
growth in rate of incidentally detected focal liver lesions
(FLL) has been observed. A reliable detection and
characterization of FLL is critical for optimal patient
management. The majority of FLL arising in noncirrhotic
liver are benign'!!, even in patients with known extra-
hepatic malignancy. Cysts, hemangiomas, focal nodular
hyperplasias (FNH), and hepatocellular adenomas (HCA)
are the most commonly encountered benign lesions!*™.
The most commonly encountered malignant lesions
in noncirrhotic liver are metastases®®. Hepatocellular
carcinomas (HCC), and to a lesser extent intrahepatic
cholangiocarcinomas (IHC), occur mainly in the setting
of chronic liver disease, and represent the most
common primary liver malignancies” >,

A tremendous development of new imaging techni-
ques has taken place during these last years. Maximizing
accuracy of imaging in the context of FLL is paramount in
avoiding unnecessary biopsies, which may result in post-
procedural complications up to 6.4%, and mortality up to
0.1%"*"”), Nowadays, magnetic resonance plays a key
role in management of liver lesions, using a radiation-
free technique and a safe contrast agent profile™®'”,

The heightened soft-tissue resolution and sensitivity
to intravenous contrast agents provided by magnetic
resonance imaging (MRI) makes it an invaluable
problem-solving tool for fully characterizing FLLP**",
Previous studies estimated the sensitivity and specificity
of MRI for the diagnosis of FLL of 94% and 82%-89%,
respectively®?.,

This review focuses on the diagnostic performance
of MRI in evaluating the most common benign and
malignant FLL. As a summary, a practical educational
approach to FLL on MRI is also presented.

MRI PROTOCOL

With the current state of the art technology, magnets
of 1.5 Tesla (T) and 3T field strength are considered
the standard of reference in providing high-quality and
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consistent MR images. Giant advances in MRI have
been achieved in the last decade in regards to each of
the following: hardware (high-performance gradient
coils and phased-array surface coils), software (new
sequence design and new parallel imaging technology
and acceleration techniques), and contrast agents
(hepatocyte-specific agents) have made a major impact
on imaging of the liver.

In our perspective, an adequate imaging protocol
has to be short, comprehensive, and standardized to
allow reproducibility and consistency of image quality
and diagnostic performance. A comprehensive protocol
allows the evaluation of the parenchyma, vasculature,
and biliary system; by using either breathing-inde-
pendent sequences or breath-hold sequences that
minimize motion artifact and spatial misregistration.
Gradient-echo (GRE) sequences generally are used in
T1-weighted sequences and fast spinecho sequences
are used in T2-weighted sequences®®**,

The state of the art MRI protocols rely on a com-
bination of fat-suppressed and non-fat-suppressed
T2-weighted images (T2-WI), in- and opposed-phase
(IP/OP) T1-WI and dynamic pre- and post-contrast fat-
suppressed T1-WI"*2,

The predominant information provided by T2-WI
is about fluid content, fibrotic tissue and iron content
(reflected by high, low, and very low signal intensity,
respectively). Fat suppression is generally applied for
at least one set of images in order to increase lesions
conspicuity.

Pre-contrast T1-WIs are extremely important in
lesion characterization. Most FLL are mildly or mode-
rately low in signal intensity. Lesions with high-fluid or
fibrous tissue content are moderately or substantially
low in signal intensity. Hemorrhagic lesions, and those
with high protein or fat content, are high in signal
intensity on T1-WI. Fat suppression technique facilitates
reliable characterization of fatty lesions. GRE sequences
provide T1-WI in a short amount of time and allow
chemical shift imaging in a single breath-hold (dual echo
acquisition). The two echo times are chosen so that fat
and water peaks are IP and OP, respectively. OP images
are useful to detect small amounts of intracellular fat in
liver lesions and in hepatic parenchyma. If fat and water
are in the same voxel, the signal intensity decreases on
the OP images, with maximal signal loss occurring when
fat and water are in equal proportion.

Gadolinium-enhanced images are performed
routinely in a multiphasic dynamic fashion, using three-
dimensional (3D) fat-suppressed GRE breath-hold T1-
WI. The acquired phases include late arterial, portal
venous, interstitial, and delayed phases; which allow the
assessment of enhancement kinetics (a reflection of both
vascularity and permeability). However, most diagnostic
information can be derived from the late hepatic arterial
phase, also called hepatic-arterial dominant phase,
with the correct timing characterized by observing
contrast enhancement in the portal vein branches and
no enhancement in the hepatic veins**, Suggested
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Table 1 Comparison between extracellular and hepatocyte-specific agents (Multihance® and Eovist®)

Extracellular contrast agents

Hepatocyte-specific agents

Multihance® Eovist®
Advantages Robust arterial and portal venous phase Robust arterial and portal venous phase Hepatobiliary imaging
imaging imaging
Price and availability Hepatobiliary imaging Short delay for hepatobiliary phase (20 min)
Smaller dose administration Smaller dose administration
Safer for renal impaired patients Safer for renal impaired patients
Price

Disadvantages No hepatobiliary phase Availability (not available in all countries) Less robust arterial and portal venous phase

NSEF cases reported with less stable agents

Longer delay for hepatobiliary phase

imaging
Pitfalls for inexperienced readers
(90-180 min)
Price

methods for ensuring an optimal arterial phase liver MRI
have varied between empiric fixed delay or individually-
tailored timing. The latter method is recognizable to
be more accurate and with improved reproducibility,
and involves either pre-scanning with a test bolus, or
tracking bolus arrival in the descending aorta®. In
our practice, a bolus-tracking technique (CARE bolus
software) is employed to capture the late hepatic arterial
phase. This is performed by the technologist, who,
when visualizing maximum aortic enhancement at the
level of celiac trunk, will provide an 8 s breath-holding
instructions prior to initiating the scan.

Adequate delay between initiation of contrast
injection and initiation of the sequence is crucial to aid
in optimizing the detection of hypervascular lesions.
The precision in timing the portal venous phase is more
flexible and less critical (45-75 s), characterized by
enhancement of the entire hepatic vascular system.
The portal venous phase maximizes contrast between
hypovascular lesions and the background liver, and can
be used to evaluate the contrast washout pattern, which
is a useful discriminating feature. Images acquired 1.5
to 10 min after contrast injection are in the interstitial/
delayed phase of enhancement, which aid in evaluating
persistent enhancement in hemangiomas, washout
in HCC, or delayed enhancement of fibrotic tissue or
tumors, such as in cases like cholangiocarcinoma.

Intravenous MR contrast agents can be divided
into extracellular (ECA) and hepatocyte-specific agents
(HSA). ECA equilibrate with the extracellular fluid
space after intravenous injection and are excreted by
glomerular filtration, similar to computed tomography
(CT) agents. This permits multi-phase dynamic post-
contrast imaging as described earlier.

Like ECA, HSA allow the multi-phase dynamic
post-contrast imaging. Moreover, they show some
degree of biliary excretion, allowing a late hepatobiliary
phase acquisition. Due to the action of known cellular
membrane transporters, only normal functioning
hepatocytes take up HSA and excrete them to the
biliary tree®. Hepatobiliary phase images are easy to
recognize because both the liver and the bile ducts are
markedly enhanced. The blood vessels as well as all
non-hepatocellular lesions and lesions with impaired
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hepatocytes all appear hypointense.

The two HSA available are Eovist® (gadoxetic acid,
Bayer Health-Care Pharmaceuticals, marketed as
Primovist® outside the United States) and MultiHance®
(gadobenate dimeglumine, Bracco). With Eovist®, 50%
of the dose is taken up by hepatocytes and eliminated by
biliary excretion, compared to 3%-5% with MultiHance®.
Hepatobiliary phase images are acquired 20-40 min after
Eovist® injection, compared to 1.5-3 h after MultiHance®
injection. Advantages and disadvantages of these agents
and extracellular contrast agents are shown in Table 1.

The substantial difference on the biliary elimination
of Eovist® compared to the other contrast agents affects
the classical MR technique, lesion appearance, and thus
image interpretation®”. These differences provide not
only advantages on detection and lesion characterization,
but also new pitfalls in imaging interpretation™’, The
advantages in the evaluation of FLLs are appreciated
in the distinction between FNH and HCA, and in the
diagnosis of HCC and metastasis; while the pitfalls are
related to the less favorable behavior as an extracellular
agent and the “pseudowashout” of benign lesions®”’.
Washout is historically linked to malignant lesions,
particularly to hypervascular metastases and HCC.
While using Eovist®, the “pseudowashout” may pose a
risk in the diagnosis of benign lesions. As an example,
hemangiomas are classically described as hypervascular
lesions with centripetal fill-in, sustained in late dynamic
postcontrast phases. With Eovist®, the accumulation
of contrast can be masked by the intense hepatic
parenchymal enhancement, giving the “illusion” of
washout of the hemangioma®™”.

At our center, we use MultiHance® as the standard
contrast agent since it shows better enhancement
on dynamic evaluation®®*®, and reserve Eovist® for
selected cases on a problem-solving basis.

Recently, diffusion-weighted imaging (DWI) sequ-
ences have been shown to be an emerging contributor
for liver MRI**?** and are being incorporated in most
abdominal MR protocols. Diffusion is a physical process
of random movement of water molecules. This move-
ment of intracellular water molecules is restricted by the
presence of cell membranes. In highly cellular tissues,
such as neoplasms, diffusion is restricted due to the
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relative larger intracellular volume and high density of
cellular membranes. DWI exploits this phenomenon and
its image contrast is based on differences in the mobility
of water protons (as a measure of cellularity), between
different tissues™". This MR technique should be used
in combination with conventional unenhanced and
contrast-enhanced MRI. It is especially useful in patients
with contraindication to gadolinium contrast agents™?.

Additional sequences may be added to the protocol
on specific clinical settings. For diffuse deposition
diseases, fat-quantification or T2 star (T2*) sequences
can be added.

Despite all development in MRI, its diagnostic
performance is still affected by motion artifacts, which
may result in inconsistent image quality. Motion artifacts,
especially those produced by physiological motion caused
by patient respiration, may distinctly degrade the quality
of MR images. In patients who are unable to cooperate
with breath-hold instructions, the sequences that are
more affected are the T1-weighted GRE sequences. In
order to minimize these artifacts, new motion-robust
sequences have been implemented. The magnetization-
prepared rapid gradient-echo (MP-RAGE) sequence is a
2D, single-section acquisition technique that can be used
to obtain motion-free and moderate quality images.
The acquisition times per-section are as short as 1 s,
These sequences can be used pre- and post-contrast.
Additionally, a recently described new application of
MP-RAGE IP/OP images is able to replace standard
dual-echo chemical shift imaging with moderate to
good image quality®". Recent developments in MR
data sampling and k-space filling have been used to
acquire 3D-GRE T1-WI. Radial data sampling 3D GRE
can be used as a free-breathing sequence, providing
high-quality pre- and post-contrast images>****!, The
major drawback of radial 3D-GRE is the long acquisition
time and therefore low temporal resolution of this tech-
nique. Until now, conventional radial 3D-GRE sequence
is unable to provide, in a consistently fashion, critical
scanning phases, i.e., the late hepatic arterial phase.
New sequences are being developed in order to provide
a compromise between spatial and temporal high-
resolution images, with reduced acquisition time and
increased motion resistance.

BENIGN LESION

Hemangiomas
Hemangiomas are tumors of mesenchymal origin and
are the most common benign liver solid lesions. The
prevalence of these lesions ranges from 1%-20%,
more frequently between fourth and fifth decade of
life, showing a female predilection (ratio of 2-5:1)5%38,
The size of hemangiomas usually remains stable and
can vary from a few millimeters to more than 20 cm®®..
Complications are rare, and large lesions may become
symptomatic due to compression of adjacent structures,
rupture, or spontaneous hemorrhage!.

On MRI, the majority of hepatic hemangiomas
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display pathognomonic pre- and post-contrast imaging
features (Figure 1) enabling a correct diagnosis with
high accuracy™“’. Frequently, hemangiomas show
moderately high signal intensity on T2-WI, usually less
bright than simple cysts or cerebrospinal fluid, and low
signal intensity on T1-WI™*!, On post-contrast images,
a nodular or “flame-shaped”, discontinuous, peripheral
enhancement is observed, as well as late, progressive,
centripetal filling, and persistent delayed enhancement,
similar to that of hepatic vessels. Larger hemangiomas
may show incomplete filing along the dynamic imaging
due to central scarring. Conversely, small (< 2 cm)
hemangiomas may show rapid complete filling on the
late arterial phase images. Subcentimeter hemangiomas
may fade to isointensity to the background liver
parenchyma in interstitial phase images; however,
they never washout. On the arterial phase, especially
the small rapidly enhancing subcapsular hemangiomas
may show a perilesional enhancement™®, and this
finding should not be regarded as an atypical or sus-
picious feature. Nevertheless, hemangiomas may
uncommonly show atypical morphologic characteristics.
The possible atypical findings are scarring, septations,
capsular retraction, calcifications, cystic transformation
and fluid-fluid level. Extremely rare is the interval
growth, imposing the exclusion of other diagnostic
possibilities, namely malignancy™****!, The end stage
of a hemangioma involution results in appearance of
hyalinized or sclerosed hemangiomas. At this point these
lesions lose the homogeneous high signal intensity on
T2-WI and the typical globular enhancement may not be
seen™**!, As stated above, it should be emphasized that,
when using Eovist®, small rapid filling hemangiomas will
not show the typical features described earlier during the
late interstitial phase due to the rapid uptake of contrast
by the background liver parenchyma, giving the illusion
of washout. Furthermore, hemangiomas will not show
any uptake on the hepatobiliary phase, and will show
the same appearance as non-hepatocytes containing
lesions, e.g., cysts, metastasis, and to a lesser extent
HCA[28'38].

Focal nodular hyperplasia
FNH consists of a non-encapsulated lesion composed
by non-neoplastic hepatocytes in a disorganized array,
surrounding a central fibrous scar with a dystrophic
arterial vessel®’*?, There is some histopathologic
heterogeneity of FNHs, with uncommon “non-classical”
histologic subtypes described in the literature!***, FNH
is the second most common solid benign FLL. Most
often found in young and middle-aged patients, FNH
has a clear female predominance (8-12:1 ratio)™**.
MRI is considered the best imaging tool for FNH
diagnosis, with a sensitivity of 70% and a specificity of
98%"*, For some authors, contrast-enhanced MRI is
considered the gold standard™. As FNH are composed
of hepatocytes, they are barely discernable from normal
parenchyma on precontrast images, appearing iso- or
hypointense on T1-WI, and iso- or slightly hyperintense
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Figure 1 Hemangioma. In (A) and opposed-phase (B) GRE T1-WI|, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®) fat-
suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a lobulated lesion on the right hepatic lobe
(arrows), showing marked low signal intensity on T1-WI (A, B and D) and marked high signal intensity on T2-WI (C). The lesion demonstrates peripheral and
discontinuous nodular enhancement (E), which become larger and coalescent on delayed postcontrast images (F and G), showing a progressive centripetal filling.
Due to the absence of hepatocytes, hemangiomas show low signal intensity on the hepatobiliary phase (H), acquired 20 min after the administration of the hepatocyte-
specific contrast agent. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

on T2-WI. In approximately 50%-84% of cases, the pattern: early arterial homogeneous enhancement,
central scar can be seen with low signal intensity on which becomes isointense to the background liver on
T1-WI and moderate high signal on T2-WI****, On portal venous phase, and late enhancement of the
postcontrast images, FNHs show typical enhancement central scar (Figure 2). No washout is seen with FNH*4,
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Figure 2 Focal nodular hyperplasia. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent
(Eovist*) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a lesion on the left hepatic lobe (white
arrow, A-H), showing isointense signal comparing to the surrounding liver on non-contrast T1-WI (A, B and D) and on T2-WI (C). The lesion also shows a central scar
(black arrow, A-H), which is hypointense on T1-WI (A, B and D) and hyperintense on T2-WI (C). The lesion demonstrates homogeneous enhancement on early post-
contrast images (E), becoming isointense to the underlying liver parenchyma (F and G). The progressive enhancement of the central scar is depicted on the delayed
post-contrast images (G). On the hepatobiliary phase, 20 min after the administration the hepatocyte-specific contrast agent, the lesion shows uptake of the contrast
agent, becoming minimally hyperintense comparing to the surrounding liver parenchyma. Since the central scar has no hepatocytes, there is no uptake of the contrast
agent, becoming hypointense comparing to the liver and to the rest of the lesion. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

The prevalence of typical features of FNH in literature study designs and histopathologic heterogeneity of
ranges from 22%-70%"*, mainly related to different  these lesions!*?. Using HSAs, the presence of normal
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functioning hepatocytes can be demonstrated. Unlike
the majority of HCA, FNHs show, on the vast majority of
cases, iso- or hyper-enhancement on the hepatobiliary
phase!’**),

HCA

HCA is an uncommon benign primary FLL, and most
often encountered in women of childbearing age
taking oral contraceptives. Unlike FNH, HCAs are true
neoplasms, defined as the monoclonal proliferation of
well-differentiated hepatocytes arranged in sheets and
cords. They lack portal triads and interlobular bile ducts.
Nowadays, according to their genotypic and phenotypic
characteristics HCAs are classified into 3 major molecular
subtypes®*®: (1) inflammatory (formerly known as
telangiectatic FNHs); (2) hepatocyte nuclear factor
1-alpha (HNF-1a) inactivated; and (3) Beta (B)-catenin-
activated lesions. A fourth group can be considered
including those HCAs that are unclassified in the previous
subtypes. As different groups have distinct probability for
HCC transformation, a pre-operative diagnosis is ideal
for an appropriate patient management.

Generally, on MRI HCAs show mild to moderate high
signal intensity on T2-WI and enhancement on the late
arterial phase on post-contrast sequences (Figure 3).
HCA do not show uptake on hepatobiliary phase with
HSA. Although further validation is required, specific MRI
features can be used to identify HCA subgroups’ .
Inflammatory HCAs (50%) tend to show peripheral
marked high signal on T2-WI and maintained enha-
ncement on more delayed images!***!, HNF-1q-
inactivated HCAs (35%-45%) show diffuse intralesional
fat deposition, responsible for higher signal intensity
on non-fat-suppressed T1-WI and drop of signal on
OP images. p-catenin-activated HCAs (10%-15%)
findings are less defined, showing vaguely defined scars
or poorly defined areas of high signal on T2-WI. For
the first two subgroups (majority of adenomas), MRI
have specificities ranging from 88%-100%"*", These
HCAs have null or extremely low probability of HCC
transformation. B-catenin-activated HCAs have a high
probability of malignancy transformation!>*®,

Sometimes MRI features of HCAs can overlap with
FNHs. Distinctive features should be stressed. HCAs
rarely show a central scar and much more frequently
depict intralesional fat™**. Homogeneity strongly suggests
FNH over HCA™, The utilization of HSA is recommended
to help in the distinction between FNH and HCA. The
former showing increased uptake on hepatobiliary
phase, while HCAs, usually, show no enhancement***>%,

Benign cystic lesions

Cystic benign liver lesions are common and may
represent a broad spectrum of entities ranging from
developmental cysts to neoplastic lesions. It is important
to distinguish them from malignant lesions that can show
cystic transformation (as metastases or hepatocellular
carcinoma). Fluid-containing benign liver lesions can be
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grouped broadly into simple or complex cysts®®".,

The differential diagnosis of simple cysts includes
benign developmental hepatic cysts, biliary hamartomas,
foregut cysts, Caroli disease, and adult polycystic liver
disease™". The benign developmental hepatic cyst shows
homogeneously low signal on T1-WI and homogeneously
strong high fluid signal on T2-WI (Figure 4). The margins
are well defined and no enhancement is shown on
postcontrast sequences. Biliary hamartomas are usually
small (< 1.5 cm), round or irregular, and may show very
thin and uniform peripheral enhancement (Figure 5),
due to compressed liver parenchyma® >, They have
no connection to the biliary tree. Conversely, in Caroli
disease the varying size cysts communicate with the
biliary tree. Communication with the biliary system can
be further confirmed using dedicated cholangiographic
sequences or HSAs. The cysts depicted on adult
polycystic liver disease appear as benign developmental
hepatic cysts. MRI is the best modality for identifying
cysts complicated by hemorrhage or infection™?.

Benign complex cysts are traumatic, inflammatory,
or neoplastic in nature. Traumatic cystic lesion may
occur after blunt or penetrating trauma, or iatrogenic
injury, such as after cholecystectomy or liver surgery.
On MRI, bilomas and seromas may resemble simple
cysts, while hematomas show different intensity based
on the age of the blood products®.

The most frequent inflammatory cystic lesions are
abscesses and hydatid cysts. With the advent of effective
antimicrobial therapy, currently biliary tract pathologies
have surpassed portal seeding from appendicitis and
diverticulitis, as the most common source of pyogenic
liver abscesses™. Abscesses are thick-walled lesions
with low signal intensity on T1-WI and high signal
intensity on T2-WI, with progressive enhancement of
the wall™, Adjacent parenchyma shows high signal on
T2-WI (edema) and enhancement on the arterial phase,
due to inflammatory reaction!**** (Figure 6). Hydatid
cysts are due to Echinococcus infestation. On MRI,
daughter cysts and internal septa are readily visualized
on T2-WI. Most echinococcal cysts show variable low to
high signal intensity on T1-WI, depending on the amount
of proteinaceous debris, and markedly high signal on
T2-WI. The fibrotic component and the presence of
calcifications appear as a hypointense pericystic rim,
on both T1- and T2-WI. Cyst walls and internal septa
enhance on post-contrast images®™.

Although rare, biliary cystadenoma (BCA) is the most
frequent benign cystic neoplasm. It has biliary origin,
with most of them (85%) arising from the intrahepatic
bile ducts™**, BCA usually appear as large (mean 12
cm; range 3-40 cm), well-defined and multi-loculated
intrahepatic cyst. On MRI, BCAs typically show high
signal on T2-WI and show variable T1 signal intensity
due to proteinaceous content or blood products. Septal
or mural calcifications (depicted as signal voids on all
sequences) and fluid-fluid levels are occasionally seen.
Post-contrast sequences may demonstrate enhancement

August 8, 2015 | Volume 7 | Issue 16 |



Matos AP et a/. Focal liver lesion/magnetic resonance/practical approach

Figure 3 Hepatocellular adenomas. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast
agent (Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. Two focal liver lesions are noted on
the left and caudate lobes (arrows, A-G) of a noncirrhotic liver, showing slight drop of signal intensity on opposed-phase (B) comparing with the in-phase (A) T1-WI,
which is related to minimally fat content. Note that the liver parenchyma also shows minimal steatosis. The lesions demonstrate mild high signal intensity on T2-WI
(C), heterogeneous enhancement on the postcontrast arterial phase image (E) and subsequent washout on later postcontrast images (F and G). On the hepatobiliary
phase, acquired 20 min after the hepatocyte-specific contrast agent, the lesions show no contrast uptake, excluding the diagnosis of FNHs. GRE: Gradient-echo; FSE:
Fast spinecho; T1-WI: T1-weighted images; FNH: Focal nodular hyperplasias.

of the capsule, septa, and any mural nodules! !, cystadenocarcinoma preoperatively, but this is usually
Biliary cystadenocarcinoma can develop from a BCA. unnecessary on short-term, as both require complete
It can be difficult to differentiate BCA and biliary surgical excision™>?,
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Figure 4 Cyst. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®) fat-
suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a well-defined lesion on the right hepatic lobe
(arrow, A-H) showing marked homogeneous low signal intensity on T1-WI (A, B and D), homogeneous very high signal intensity on T2-WI (C) and no enhancement
after gadolinium administration (E-H), consistent with simple liver cyst. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

chronic liver disease (CLD) and liver cirrhosis™®. HCC
MALIGNANT LESIONS has been proved to develop by multistep carcinogenesis
HCC from a low grade dysplastic nodules to an overt HCC,
HCC is a malignant neoplasm with hepatocellular origin. in a progressive dedifferentiation and neoangiogenesis
It is the most common primary malignancy of the phenomena[ss'sgl.
liver and it occurs almost exclusively in the context of MRI plays a pivotal role in the detection and char-
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Figure 5 Multiple biliary hamartomas (also known as von Meyenburg complex). In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre
(D) and postcontrast fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. There are multiple well-defined lesions scattered
throughout the liver, smaller than 1.5 cm each. The lesions show low signal intensity on T1-WI (A, B and D), high signal intensity on T2-WI (C) and no enhancement
after gadolinium administration (E-G). A thin peripheral enhancement is often present due to compressed liver parenchyma. GRE: Gradient-echo; FSE: Fast spinecho;

T1-WI: T1-weighted images.

acterization of HCC, with estimated sensitivity and
specificity of 97.4% and 100%, respectively™*’, Even
for HCC with a size < 2 cm, MRI have a good sensitivity,
estimated to 82.6%'". This is particularly important
since successful treatment of HCC is dependent on early
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detection and diagnosis®®®4,

In the context of CLD, classic MRI findings of HCC
include slightly low signal intensity on T1-WI, slightly
high signal intensity on T2-WI, increased heterogeneous
arterial enhancement, and washout with fibrous tumor
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Figure 6 Abscess. GRE T1-WI (A), fat-suppressed FSE T2-WI (B), and postcontrast fat-suppressed 3D-GRE T1-WI at the arterial (C) and portal venous (D) phases.
A thick-walled oval shaped lesion is present on the right hepatic lobe (white arrow, A-D), showing an air/fluid level content (black arrow, A-D). There is an associated
halo of edema surrounding the lesion, showing low signal intensity on T1-WI (A), high signal intensity on T2-WI (B) and marked enhancement after gadolinium
administration (C and D), which is consistent with active inflammation. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

capsule enhancement on the delayed phase'®® (Figure
7).

The 2011 recommendations by the Association for
the Study of Liver Diseases state that a diagnosis of
HCC is made if a nodule larger than 1 cm is depicted on
MRI (or multi-detector computed tomography), showing
arterial enhancement and subsequent “washout”
during portal venous or equilibrium phases®®. These
guidelines criteria show a lower sensitivity and specificity
for small HCCs (< 2 cm)®®%, In order to improve
the accuracy of MRI on small HCC, other parameters
may be used in conjunction with the dynamic post-
contrast sequences, namely high signal on DWI or T2-
WI*1 with HSA, most HCC lesions show prominent
hypointensity compared to the hyperintense background
liver parenchyma because of the absence of normal
functional hepatocytes®®”. Although, uncommonly, well-
differentiated HCCs may show some enhancement
on the hepatobiliary phase>®®, The combination of
routine dynamic and hepatobiliary imaging has been
reported to be both sensitive and specific for HCC
(sensitivity 67%-97%, specificity 83%-98% )77, Two
recent meta-analyses found a pooled sensitivity of 91%
and specificity of 93%"%7,

In the context of CLD and cirrhosis, the distinction
between benign and precursor lesions (regenerative
and dysplastic nodules, respectively) and HCCs is of the
utmost importance™. Although they can present with
higher T1 signal intensity compared to background liver
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tissue, regenerative nodules are often indistinct on T1-
and T2-WI. The dynamic post-contrast imaging show the
same signal as the background parenchyma throughout
all phases™'*, Dysplastic nodules show histological
characteristics of abnormal growth caused by genetic
alteration and are classified accordingly to the level of
dysplasia, on low- and high-grade dysplastic nodules™*.
On MRI, low-grade dysplastic nodules are often in-
distinctive from regenerative nodules, and radiologists
reserve that terminology for lesions larger than 2 cm
in size!**®), High-grade dysplastic nodules show iso
to high signal on T1-WI and iso signal intensity on T2-
WI. They may show intense early enhancement and
fade to isointensity, but do not show washout!**®!, As
opposed to HCC, regenerative and low-grade dysplastic
nodules show iso-enhancement to the surrounding liver
parenchyma. Patients with the diagnosis of high-grade
dysplastic nodules are at higher risk of developing HCC
and should have closer follow-up MRI.

IHC

IHC is the second most common primary hepatic
malignancy, accounting for 10%-20% of all primary liver
malignancies’® ¥, Background of CLD such as cholangitis,
viral hepatitis (especially hepatitis C) and liver cirrhosis,
are known specific risk factors'®™, Primary sclerosing
cholangitis is the most well known of these conditions.
In terms of growth characteristics, cholangiocarcinomas
may be mass-forming, periductal-infiltrating, or
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Figure 7 Hepatocellular carcinoma. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed 3D-GRE
T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. There is a small peripheral lesion on the right lobe of a cirrhotic liver (arrow, A-G), showing drop
of signal intensity on opposed-phase (B) comparing with the in-phase (A) images, which is suggestive of fat content. The lesion demonstrates mild high signal intensity
on T2-WI (C), low signal intensity on pre-contrast T1-WI (C), heterogeneous enhancement on early post-contrast (E) and subsequent washout with associated
pseudocapsule on delayed post-contrast images (F and G), in keeping with a small fat-containing hepatocellular carcinoma. GRE: Gradient-echo; FSE: Fast spinecho;
T1-WI: T1-weighted images.

intraductal. Mass-forming cholangiocarcinoma is the parenchyma®®,
most common IHC, accounting for the majority of IHC, MRI allows the distinction between IHC and HCC
and are defined as a rounded mass located in the liver with high degree of confidence. At present, MRI with
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MR cholangiopancreatography has become the imaging
modality of choice for diagnosis and staging of cholan-
giocarcinoma, with the similar accuracy of computed
tomography combined with direct cholangiography™.
The MR appearance of IHC depends on the proportion
of fibrosis, necrosis and mucin. Typically they show low
to iso-signal intensity on T1-WI, and variably high signal
intensity on T2-WI®*®!, Capsular retraction is sometimes
described, reflecting the desmoplastic nature of the
tumor. In some cases vascular encasement and dilated
bile ducts peripheral to the mass may be seen. Early
continuous rim enhancement followed by progressive
heterogeneous enhancement of the remainder of the
lesion is often seen (Figure 8). The late enhancement is
due to the fibrotic nature of cholangiocarcinoma. Near
one third of cholangiocarcinomas are hypervascular.
Nanashima et al®®, Kim et a®" and Al Ansari et af*¥
reported that 46%, 29%, and 28%, respectively, of
the intra-hepatic cholangiocarcinomas in their studies
showed hypervascular enhancement pattern. This
appearance is well recognized and might carry a
better prognosis with longer disease-free survival®®*®,
Conversely, IHC in patients with chronic viral hepatitis or
cirrhosis tend to be very hypervascular®®”, Xu et af*”
showed that the density of arteries and micro-vessels
of IHC in a cirrhotic liver was higher than that in IHC
without underlying cirrhosis and comparable to that in
cholangiocarcinoma component of combined HCC-IHC.
This vascular difference in IHC may be responsible for
the hypervascular enhancement of IHC in the context of
cirrhosis™.

When using HSA, mass-forming IHC may have
a pseudowashout pattern with Eovist®-enhanced
MR images because of progressive background liver
enhancement and no enhancement of the IHC®".
Hepatobiliary imaging with Eovist®, showed increased
lesion conspicuity and better delineation of secondary
nodules and intrahepatic metastasis, which may aid the
evaluation of IHC'®?, Further, it has been suggested that
it can be helpful for therapy planning due to the exact
depiction of the tumor borders™”.

Satellite lesions are markedly more conspicuous
on hepatobiliary phase of Eovist®-enhanced MRI,
proposing a potential role for hepatobiliary MR agents in
evaluation of the tumor resectability. In a study by Kim
et al’®”, 93% of mass-forming intra-hepatic cholangio-
carcinoma exhibited a special pattern of enhancement
in hepatobiliary phase of Eovist®-enhanced MRI,
described as cloud-like hyperintensity in the central
portion of the tumors, surrounded with a low signal
intensity rim, which appears as a defect in the vicinity of
the hyperintense normal liver parenchyma.

Metastasis

Metastasis is the most common liver malignancy,
outnumbering primary liver malignant neoplasms with
a ratio of 40:1. Moreover, it has been shown that 40%
of patients with extrahepatic malignancy show liver
metastasis at the autopsy. Accurate detection and
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characterization of liver metastasis is critical in patient
management, namely in determining treatment and
prognosis™®. MR is rapidly evolving as the primary
imaging modality for the detection and characterization
of liver lesions including metastases in many centers.

On MRI, hepatic metastases have variable app-
earances depending on the primary tumor. Generally,
metastases show mild to moderate high signal intensity
on T2-WI and low signal intensity on precontrast T1-
WI. Cystic metastases and those with necrosis show
increased T2 signal (more common in neuroendocrine
tumors, sarcomas, and melanoma metastases). A subset
of liver metastases shows T1 hyperintensity for a variety
of reasons. One subset is the fat-containing metastases,
which are easily characterized by the drop of signal on
OP and/or fat-suppressed sequences. Other subset is
metastases that contain paramagnetic substances such
as melanin, extracellular methemoglobin and protein.
A good example is melanoma metastases, which are
often T1 hyperintense because of their melanocytic
content and/or occasional hemorrhage. On dynamic
post-contrast imaging, metastases are characterized as
hypervascular, iso-vascular, or hypovascular, when they
show more, similar, or less enhancement compared to
the background liver parenchyma, respectively, at the
late arterial hepatic dominant phase (Figure 9).

Most of liver metastases are from extra-hepatic
adenocarcinomas and generally they tend to be hypova-
scular®, Hypervascular metastases are usually seen in
neuroendocrine tumors, renal cell, thyroid and breast
carcinoma, melanoma, and sarcoma.

HSAs and DWI are useful for detection of small
hepatic metastases, demonstrating improved sen-
sitivity over conventional T2-WI MR techniques and,
significantly increased sensitivity compared to CT
imaging™’?**®!. As metastatic tumors do not contain
functioning hepatocytes, they appear hypointense during
the hepatocellular phase, resulting in a high contrast
between enhancing liver tissue and metastases'®,
Metastases show high signal on DWI and may increase
the confidence of the diagnosis®®*®*!, The combination
of HSAs and DWI yield better diagnostic accuracy and
sensitivity in the detection of small liver metastasis than
each magnetic resonance scan sequence alone. In one
study, the combined set showed significantly improved
sensitivity (mean values, 97.5%/95.0% on per-lesion/
per-patient basis) than each imaging set alone (mean,
90.7%/83.7% for Eovist® set, and 91.6%/83.0% for
DWI set) on both per-lesion basis and per-patient
basis"”.

While the use of MRI on detection and charac-
terization of liver metastatic disease is well established,
the role on the assessment of treatment response is less
defined™ . It has been suggested the benefits of MRI
over CT, This is evident in the setting of pseudo-
progression diagnosed on CT due to high density of
hemorrhagic treated lesions and bevacizumab-containing
chemotherapy regimens on metastatic colorectal
cancer™*™, However, more studies are needed in order
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Figure 8 Intrahepatic cholangiocarcinoma. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed
3D-GRE T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. The tumor shows low signal intensity on T1-WI (A, B and D), high signal intensity on
T2-WI (C), and heterogeneous peripheral continuous and progressive enhancement on postgadolinium images (E-G). Associated capsular retraction is also noted (white
arrow, A-G). GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

to fully comprehend the role of MRI on the assessment the characterization of FLL. Although many hepatic

of treatment response of metastatic liver lesions. lesions have characteristic imaging features, the
interpretation should rely on a combination of lesion
Simplified practical approach assessment, background liver assessment, and clinical

MRI is a highly sensitive and accurate modality for parameters. For liver lesion characterization, HSA are
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Figure 9 Metastases. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed 3D-GRE T1-WI at the
arterial (E), portal venous (F) and interstitial (G) phases. Multiple metastases are present throughout the liver, showing low signal intensity on T1-WI (A, B and D) and
high signal intensity on T2-WI. Most of these lesions show hypervascular characteristics, while one in segment VIl (arrow, E) shows ring enhancement. Late washout
is perceived, a feature that is characteristic of carcinoid metastases (G). GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

used to assess the presence of intralesional functional FLL. A simplified schematic representation of the typical
hepatocytes. DWI is also useful in differentiating benign imaging features of the most common benign and
from malignant lesions. Although clinical utility has malignant hepatic lesions is provided in Figures 10 and
been proven, further investigation is needed to better 11.

delineate the role of HSA and DWI in characterizing The hepatocellular nature of a lesion can usually
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Figure 10 Stereotypical simplified schema, showing magnetic resonance imaging features of benign focal liver lesions. FNH: Focal nodular hyperplasia;
HCA: Hepatocellular adenoma; FS T2-WI: Fat-suppressed T2-weighted image; T1-WI IP: T1-weighted in-phase image; T1-WI OP: T1-weighted out-of-phase image;
T1-WI AP: Post-contrast fat-suppressed T1-weighted image at the late arterial phase; T1-WI PVP: Post-contrast fat-suppressed T1-weighted image at the portal-
venous phase; T1-WI Inter P: Post-contrast fat-suppressed T1-weighted image at the interstitial phase; T1-WI HBP: Post-contrast fat-suppressed T1-weighted image
at the hepatobiliary phase (with hepatocyte-specific contrast agent).

Metastasis

FS
T2-WI

T1-WI
P

T1-WI
OoP

T1-WI
AP

T1-WI
PVP

T1-WI
IntP

T1-WI
HBP

Figure 11 Stereotypical simplified schema, showing magnetic resonance imaging features of malignant focal liver lesions. The represented metastasis
exemplifies the typical appearance of a hypovascular metastasis (the most common type). FS T2-WI: Fat-suppressed T2-weighted image; T1-WI IP: T1-weighted in-
phase image; T1-WI OP: T1-weighted out-of-phase image; T1-WI AP: Post-contrast fat-suppressed T1-weighted image at the late arterial phase; T1-WI PVP: Post-
contrast fat-suppressed T1-weighted image at the portal-venous phase; T1-WI Inter P: Post-contrast fat-suppressed T1-weighted image at the interstitial phase; T1-
WI HBP: Post-contrast fat-suppressed T1-weighted image at the hepatobiliary phase (with hepatocyte-specific contrast agent); HCC: Hepatocellular carcinomas; IHC:
Intrahepatic cholangiocarcinomas.
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Figure 12 Multiple focal nodular hyperplasias. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific
contrast agent (Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There are two focal nodular
hyperplasias on the left lobe (white arrows) and one small FNH on the right lobe (black arrow). The liver parenchyma shows drop of signal in the opposed-phase
(B) comparing to the in-phase images (A), indicating moderate parenchymal fat deposition. Note that the lesions do not show drop in signal in the opposed-phase
(B). All lesions are isointense comparing to the surrounding liver on T2-WI (C), showing uniform blush on the early post-contrast images (E). In this case the lesions
enhancement do not fade to isointensity on the delayed post-contrast images (F and G) due to the presence of moderate fat deposition in the liver parenchyma. On
the hepatobiliary phase, 20 min after the administration the hepatocyte-specific contrast agent, the lesions show uptake of the contrast agent. GRE: Gradient-echo;
FSE: Fast spinecho; T1-WI: T1-weighted images.

be assessed by the unenhanced sequences. The imaging further helps in characterization, while HSA may
signal intensity of these lesions is similar to the liver differentiate between normal or abnormal hepatocyte
parenchyma. The multi-phasic dynamic post-contrast function.
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Figure 13 Adenomatosis. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®)
fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There are multiple lesions (> 10 in number) scattered
throughout the hepatic parenchyma, barely visible on unenhanced T1-WI (A, B and D) and hyperintense on T2-WI (C). The lesions show arterial enhancement (E),
which fades to almost isointensity on the delayed post-contrast images (F and G). On the hepatobiliary phase, acquired 20 min after the hepatocyte-specific contrast
agent, all lesions appear with low signal intensity comparing to the surrounding liver. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

Although prone to restraint, an exercise of a sim- signal to the remaining parenchyma on unenhanced MR
plistic approach taking into consideration the clinical (suggesting hepatocellular origin), and showing strong
information and the MR findings can be performed. In enhancement on the late arterial phase, the diagnosis
young women, a nodular liver lesion that looks similar in of FNH, or less likely, HCA should be considered. MRI
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with HSA usually allows the distinction between these
two lesions.

Hemangiomas usually display pathognomonic
imaging features, namely the moderately high signal
intensity on T2-WI and the peripheral globular discon-
tinuous enhancement and retention of contrast on
delayed images. Furthermore, in a patient without
underlying liver disease or history of extra-hepatic
cancer, a lesion with moderately high signal intensity on
T2-WI that strongly enhances at the arterial phase and
remains high in signal intensity on subsequent phases is
also typical of capillary liver hemangioma. As mentioned
above, while using Eovist®, one should remind that
hemangiomas can show “pseudowashout”, simulating
malignant lesions.

In patients with multiple liver tumors, different types
of lesions frequently occur in particular combinations.
The most frequent combination is hemangioma and
FNH, which occurs in near 25% of patients. Less
frequently, FNH and hepatocellular adenoma may
present as multiple lesions and typically show similar
characteristics of singular lesions (Figure 12). Liver
adenomatosis (> 10 adenomas), is an uncommon
entity that occurs most often in young women and
has three MRI patterns that are associated with three
pathologic forms as described above!®" (Figure 13).

In patients with underlying liver disease regenerative
hepatocellular nodules, dysplastic nodules, and HCCs
are by far the most common lesions. In this setting,
a nodular liver lesion that looks similar in signal to the
liver parenchyma on unenhanced MR (hepatocellular
origin), and shows enhancement similar to the back-
ground liver parenchyma throughout all phases are
regenerative or low-grade dysplastic nodules; if they
show hyper-enhancement but no washout, they are
regarded as high-grade dysplastic nodules; and if they
show hyper-enhancement and delayed washout, then
the diagnosis of HCC is established. Ancillary findings of
mildly high T2 signal intensity or restriction on diffusion
in case of hypervascular nodules, despite the presence
of washout, is also very suspicious for HCC.

Although the prevalence of benign lesions in patients
with cancer remains high, one should always consider
the possibility of liver metastases, especially when liver
lesions are small and cannot be fully characterized by
other imaging methods such as CT. Multiple solid liver
lesions that do not show pathognomonic appearance of
any of the common benign liver lesion in a patient with
a known history of extra-hepatic malignancy are very
suspicious for liver metastases.

CONCLUSION

Different imaging sets can be obtained in a single MRI
examination, reflecting a greater range of chemical and
physical properties of both normal and abnormal tissue.
MRI is capable of providing comprehensive and highly
accurate diagnostic information, with the additional
advantage of lack of harmful ionizing radiation. These
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properties make MRI the mainstay for the noninvasive
evaluation of focal liver lesions. Like with other radiologic
exams, the interpretation of a liver MR should be done
in a by-patient fashion. The expertise of an experienced
subspecialized abdominal MR radiologist is paramount to
establish and maintain high-quality liver MR protocols,
determine the appropriate indications for the utilization
of hepatocyte vs extracellular contrast agents, and
interpret MR studies; therefore, consistently yielding a
correct diagnosis and ultimately setting the right path
and pace for patients’ management.
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Abstract

Transarterial chemoembolization (TACE) is the current
standard of care for patients with large or multinodular
hepatocellular carcinoma (HCC), preserved liver
function, absence of cancer-related symptoms and no
evidence of vascular invasion or extrahepatic spread
(.e., those classified as intermediate stage according to
the Barcelona Clinic Liver Cancer staging system). The
rationale for TACE is that the intra-arterial injection of a
chemotherapeutic drug such as doxorubicin or cisplatin
followed by embolization of the blood vessel will result
in a strong cytotoxic effect enhanced by ischemia.
However, TACE is a very heterogeneous operative
technique and varies in terms of chemotherapeutic
agents, treatment devices and schedule. In order to
overcome the major drawbacks of conventional TACE
(cTACE), non-resorbable drug-eluting beads (DEBs)
loaded with cytotoxic drugs have been developed. DEBs
are able to slowly release the drug upon injection and
increase the intensity and duration of ischemia while
enhancing the drug delivery to the tumor. Unfortunately,
despite the theoretical advantages of this new device
and the promising results of the pivotal studies,
definitive data in favor of its superiority over cTACE
are still lacking. The recommendation for TACE as the
standard-of-care for intermediate-stage HCC is based
on the demonstration of improved survival compared
with best supportive care or suboptimal therapies in
a meta-analysis of six randomized controlled trials,
but other therapeutic options (namely, surgery and
radioembolization) proved competitive in selected
subsets of intermediate HCC patients. Other potential
fields of application of TACE in hepato-oncology are
the pre-transplant setting (as downstaging/bridging
treatment) and the early stage (in patients unsuitable
to curative therapy). The potential of TACE in selected
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advanced patients with segmental portal vein thrombosis
and preserved liver function deserves further reports.

Key words: Transarterial chemoembolization; Loco-
regional treatment; Hepatocellular carcinoma; Liver
cancer; Hepatocarcinoma; Radiofrequency ablation

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

Core tip: Transarterial chemoembolization (TACE)
represents the standard of care for patients with large or
multinodular hepatocellular carcinoma (HCC). However,
TACE is a heterogeneous technique varying in terms
of chemotherapeutic agents, devices and schedule. In
order to overcome these drawbacks of conventional
TACE (CTACE), drug-eluting beads have been developed.
Unfortunately, despite its theoretical advantages,
definitive data in favor of its superiority over cTACE
are still lacking. TACE represents the standard-of-care
for intermediate-stage HCC, in competition with other
therapeutic options (surgery and radioembolization).
Other fields of application are the pre-transplant setting
and the early stage (in patients unsuitable to curative
therapy).

Facciorusso A, Licinio R, Muscatiello N, Di Leo A, Barone M.
Transarterial chemoembolization: Evidences from the literature
and applications in hepatocellular carcinoma patients. World J
Hepatol 2015; 7(16): 2009-2019 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i16/2009.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.116.2009

INTRODUCTION

Transarterial chemoembolization (TACE) is the current
standard of care for patients with large or multinodular
hepatocellular carcinoma (HCC), preserved liver
function, absence of cancer-related symptoms, and no
evidence of vascular invasion or extrahepatic spread [i.e.,
those classified as intermediate stage according to the
Barcelona Clinic Liver Cancer (BCLC) staging system]"?.
Furthermore, in clinical practice, many patients in
the early stage (i.e., single nodule or up to 3 nodules
under 3 cm) carrying contraindications to curative
approaches - liver resection, liver transplantation (LT) or
radiofrequency ablation (RFA) - are treated with TACE.

The rationale for TACE is that the intra-arterial
injection of a chemotherapeutic drug such as doxorubicin
or cisplatin followed by embolization of the blood vessel
will result in a strong cytotoxic effect enhanced by
ischemia™. The embolization end point is usually defined
as stasis in the second- or third-order branches of the
lobar hepatic artery and injection should be continued
until near stasis is observed in the artery directly feeding
the tumor (i.e., the contrast column should clear within
2-5 heartbeats)™.

Raishidenge ~ WJH | www.wjgnet.com

TACE is a very heterogeneous operative technique
and varies in terms of chemotherapeutic agents,
treatment devices and schedule. Such heterogeneity
explains the great range in terms of efficacy outcomes:
a recent systematic review reported mean overall
survival (0OS) times of 3.422 up to more than 40 mo,
with a median of 16.5 mo®.. The best outcomes in terms
of OS reported so far are 48 mo in a series published by

the Barcelona group™.

INDICATIONS

Patients should present a relatively well preserved liver
function, defined as Child-Pugh (CP) < B7 stage without
ascites according to European Association for the Study
of the Liver (EASL) guidelines or only CP A according
to the more conservative American Association for the
Study of Liver Diseases (AASLD) guidelines™.

Absolute contraindications to TACE are generally
related to decompensated cirrhosis or impaired
portal blood flow™?. Other absolute contraindication,
supported by the expert opinion, is represented by
extensive tumors massively replacing both entire lobes,
whereas a tumor size = 10 cm, the bile-duct occlusion
and untreated varices at high risk of bleeding constitute
relative contraindication rather than absolute ones™.
Main absolute and relative contraindications to TACE are
reported in Table 1.

Although the adverse events associated with TACE
are generally transient and easily manageable, they are
very common with 35%! to 100%™ of treated patients
experiencing post-embolization syndrome (defined by
the occurrence of abdominal pain, fever and nausea).
Treatment-related deaths are expected in less than 2%
of cases if proper selection of candidates is in place!.

Therefore, TACE appears as a safe treatment in
selected candidates, as defined by current guidelines.

TREATMENT SCHEDULE

Current evidence suggests that one cycle of TACE may
not be sufficient for effective treatment of intermediate-
stage HCC. On the other hand, there is evidence
suggesting that repeating TACE prolongs survival;
however, current guidelines do not specify the criteria
for treatment repetition. In particular, it should be noted
that in bilobar tumors, the two hepatic lobes usually
have to be treated in separate treatment sessions 2-4
wk apart.

There are no solid data to suggest that “on-
demand” TACE (i.e., number of sessions on the basis of
tumor response after each TACE cycle) is more or less
effective than scheduled TACE (pre-defined number of
sessions regardless of “at interim” response or safety
evaluations) for improving patient survival. In fact,
although scheduled strategy is more concordant with
the general principle of oncologic therapy, which uses
standard chemotherapeutic sessions based on the
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Table 1 Absolute and relative contraindications to transarterial
chemoembolization

Absolute contraindications

Decompensated cirrhosis (Child-Pugh = B8)

Extensive tumor with massive replacement of both entire lobes

Severely reduced portal vein flow

Technical impediments to hepatic intra-arterial treatment
Relative contraindications

Kidney failure

Severe cardiopulmonary comorbidities

Tumor size = 10 cm

Untreated varices at high risk of bleeding

Bile-duct occlusion

cell cycle, however, there is evidence suggesting that
the repetition of TACE with an aggressive schedule
increases the incidence of adverse events'®.. Therefore,
the experts in the field propose the on-demand
repetition with longer intervals between treatments,
rather than a regular predefined schedule®™"), This has
been recently confirmed by Terzi et al*¥ in a series
of 151 patients treated with on-demand conventional
TACE (CTACE). In their analysis, a second TACE course
was administered to 65% of patients who experienced
a recurrence after the complete response and to only
41% of patients non responder to the first course.
Therefore, the results of this study demonstrate that
only approximately half of the patients with incomplete
response or recurrences were eligible for repeated
TACE, mainly because of tumor burden growth and liver
function impairment!*?, These findings stand for an on-
demand strategy to be “tailored” according to individual
patients’ characteristics.

REPEATED TACE: IS IT POSSIBLE A
SCORE FOR ALL SEASONS?

What remains to be definitively established is the
maximum number of repeated TACE procedures that
should be administered before switching to another
therapeutic option or stopping treatment. Applying TACE
procedures up to 3 to 4 times per year'*! and switching
in absence of response to at least 2 sessions™™ has been
recommended in absence of definitive evidence of an
optimal retreatment strategy because more intensive
regimens might induce liver failure in an unacceptable
proportion of patients. A review of cohort and rand-
omized controlled trials (RCTs) reported a mean number
of TACE courses of 2.5 + 1.5 per patient™, but in the
common clinical practice an even greater number of
repeated sessions is undertaken.

To help the hepatologists to select appropriate
candidates for starting or repeating TACE, several
prognostic indices were introduced in the past, but none
of them were universally accepted since they resulted
difficult to implement or insufficiently discriminatory™***.,
More recently, a number of other scores and nomograms
have been proposed, particularly: the hepatoma arterial-
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embolization prognostic score published by Kadalayil
et al™® in 2013, based on albumin, bilirubin, alpha-
fetoprotein (AFP) and tumour size; the assessment for
retreatment with TACE (ART) score proposed by Sieghart
et al'"’! in 2013, considering aspartate transaminase
and CP increase after the first session together with
tumor response; the ABCR score published by Adhoute
et al"® in 2014 on the basis of AFP and BCLC stage at
baseline together with CP increase and tumor response
after TACE; the inflammation based index score, that
combines C-reactive protein and serum albumin,
proposed by Pinato et a/*® and applied to TACE patients
in 2015. Other proposed scores and nomograms are
reported in Table 2(°,

Unfortunately, none of these new prognostic sys-
tems have been unequivocally confirmed in clinical
practice™®?®!, In fact, all these efforts, although properly
conducted, suffer from overfitting: a phenomenon
occurring when a model maximizes its performance
on some set of data but its predictive performance is
not confirmed elsewhere due to random fluctuations of
patients’ characteristics in different clinical and demo-
graphical backgrounds. The very fact that so different
scores keep on being proposed confirms and gives
proof of this concept. When a model is built, as in the
case of the aforementioned studies, the score is tested
in a different but “plausibly related” cohort and that
is called external validation; unfortunately, external
validation has been found to show sufficient power to
detect clinically important changes in performance only
when substantial sample sizes are available, that is not
common in clinical research®®”. With smaller series, as in
the case of most of the above reported papers, the sole
external validation may lead to an overestimation of
the performance of the model. In attendance of larger
multicenter series and more reliable statistical tools (for
instance bootstrap sampling or internal validation)™®,
an unequivocally accepted prognostic system able to
guide the decision of TACE repetition remains an unmet
need. The detailed list of the proposed scoring systems
for HCC patients undergoing TACE is reported in Table 2.

USEFULNESS OF DRUG INJECTION

Robust data in favor of a clear superiority of conventional
TACE over transarterial embolization (TAE) are lacking™.
A RCT comparing cTACE, TAE and best supportive care
(BSC) was prematurely terminated due to the superiority
of cTACE over BSC (see below)P%. Unfortunately,
this prevented the possibility to verify the efficacy of
TAE, which could be hypothesized based on the trend
observed in OSP%, Similarly, no difference in terms of
survival rates was reported between cisplatin-based
TACE and TAE in a small Chinese RCT"., On the other
hand, the added value of the chemotherapeutic agent
(doxorubicin) in drug-eluting bead (DEB)-TACE over
bland TAE has been recently demonstrated in a Greek
RCT, which found an increase in time to progression (TTP)
from 36.2 £ 9 wk up to 42.4 £ 9.5 wk (P = 0.008) in
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Table 2 Proposed scoring systems for hepatocellular carcinoma patients undergoing transarterial chemoembolization

Ref. Variables considered Aim

Llado et al™

Kadalayil et al™!
Sieghart et al'"”
Adhoute et al™
Pinato et al"”
Hucke et al™
Xu et al™

Sciarra et al™

AFP (> 400 UI/L), tumor size (> 50%) and CP score
Albumin < 3.6 g/L, bilirubin > 17 pmol/L, AFP > 400 ng/mL and dominant tumor size > 7 cm
Increase of AST by >25% and of CP score from baseline, tumor response
BCLC, AFP (> 200 ng/mL), increase in CP score by = 2 from baseline and tumor response
Normalization of CRP and serum albumin after TACE
Albumin level, tumour burden (reference: up-to-7 criteria) and CRP(= 1 mg/dL)
PVT, tumor number, tumor capsule, AFP, AST and ICR
CD34 and VEGF staining'

Treatment selection
Treatment selection
Treatment repetition
Treatment repetition
Treatment repetition
Treatment selection
Treatment selection
Treatment selection

! Assessed in tumor biopsy. AFP: Alpha-fetoprotein; CP: Child-Pugh; AST: Aspartate transaminase; BCLC: Barcelona Clinic Liver Cancer; CRP: C-reactive
protein; TACE: Transarterial chemoembolization; PVT: Portal vein thrombosis; ICR: Indocyanin retention test; VEGF: Vascular endothelial growth factor.

DEB-TACE patients®”. Another investigation assessed
the degree of necrosis in explanted livers after epirubicin
DEB-TACE versus TAE and found tripled complete
necrosis rates (77% vs 27% of lesions) in the DEB-TACE
group®,

There is no consensus on the optimal chemo-
therapeutic agent to use in TACE. Worldwide, the most
popular anticancer drug injected is doxorubicin. In
CTACE, the dose of doxorubicin typically ranges from 30
to 75 mg/m’ (to a maximum of 150 mg) mixed with 5
to 20 mL of lipiodol, followed by mechanical embolization
with an embolic agent, as Gelfoam™. In DEB-TACE,
the planned dose of doxorubicin should depend on
the extent of the liver tumor burden: as a general
rule, for disease within the Milan criteria each single
treatment should include a planned dose of up to 75 mg
doxorubicin loaded into one vial of DC Bead, whereas for
disease beyond the Milan criteria, the dose should be of
up to 150 mg loaded into two vials of DC Bead'.

DEB-TACE VS CTACE

Ideally, the injected chemotherapeutic should be
retained in the tumor and be gradually released to
avoid systemic toxicity. However, even if suspended in
lipiodol as in the case of cTACE, its selective injection
is associated to significant passage into the systemic
circulation. Other important limitation of conventional
TACE has been the lack of standardization of the
technique. In fact, the emulsification of the drug and
lipiodol is prepared extemporaneously and hence is
operator-dependent (not standardized) and is unstable.
Therefore, to overcome the major drawbacks of cTACE,
non-resorbable embolic microspheres loaded with
cytotoxic drugs (DEBs) have been developed. In fact,
DEBs are able to slowly release the drug upon injection
and increase the intensity and duration of ischemia
while enhancing the drug delivery to the tumor™.

The first report on the efficacy of DEB-TACE was the
phase II study by Varela et af**. In this pivotal paper,
27 CP A HCC patients received two DEB-TACE (500-700
um particles) sessions at 2-mo intervals: objective
response rate was 66.6% (whereof 26% were complete
responses). Serial blood samples were obtained
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in 13 patients to determine doxorubicin maximal
concentration and area under the curve, which resulted
significantly lower in DEB-TACE patients as compared to
an historical cohort of cTACE patients (P = 0.00002 and
P = 0.001, respectively). Furthermore, DEB-TACE was
well tolerated with only two cases of severe adverse
events (namely, liver abscesses)®*. These results were
confirmed by Poon et al*>, who used the highest dose
possible of doxorubicin (150 mg). In both studies,
none of treated patients presented doxorubicin-related
systemic toxicity (alopecia, bone marrow toxicity,
dyspnea or pulmonary embolism)>**,

In light of successive dlinical and in-animal studies
use of 100-300 um beads is actually recommended,
based on the demonstration that such small particles are
delivered inside the tumor or in close proximity to the
tumor margins and thus are ideal for drug delivery or
precise embolization”.

Despite the promising results of these preliminary
studies and the aforementioned theoretical advantages
of DEB-TACE, a clear superiority of one technique over
the other is still lacking.

The comparison between cTACE and DEBs has been
object of 12 studies (whereof 4 RCTs)™**! and 3 recent
meta-analyses®®>? (Table 3). In the most recent meta-
analysis, a significantly better objective tumor response
rate was found for DEB-TACE than for conventional
TACE [odds ratio (OR) = 1.84, 95%CI: 1.02-3.33; P
= 0.04], but Mantel-Haenzel OR for 3-year survival
(reported in 4 studies) was non significant (0.77, CI:
0.55-1.06, P = 0.11)P". With regard to toxicity, either
overall and severe adverse events were similar in both
groups, with post-embolization syndrome occurring
most commonly™%*,

Although a clear superiority of DEB-TACE is still
lacking, new micro-particles have been recently intro-
duced in the clinical practice. As previously mentioned,
small diameter beads have been shown to inflict pan-
necrosis of the target lesion since smaller bead diameters
achieve a more distal embolization, thus also obstructing
collateral channels®>*), Therefore, smaller particles
have been recently tested with promising results™>>,
but broader cohort studies and RCTs are warranted to
validate such findings.

[36,37]
I
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Table 3 Studies comparing conventional and drug-eluting beads transarterial chemoembolization in hepatocellular carcinoma patients

Ref. Arm Sample size Study design Region

"Nicolini et al®! DEB-TACE Doxorubicin 22 R Ttaly
cTACE Epirubicin 16

'Frenette et al®™ DEB-TACE Doxorubicin 35 R United States
cTACE Doxorubicin 76

Song et al*” DEB-TACE Doxorubicin 60 R South Korea
cTACE Doxorubicin or Epirubicin/Cisplatin 69

Sacco et al'™! DEB-TACE Doxorubicin 33 RCT Italy
cTACE Doxorubicin 34

van Malenstein et al” DEB-TACE Doxorubicin 16 RCT Belgium
cTACE Doxorubicin 14

Lammer et al®” DEB-TACE Doxorubicin 93 RCT Europe
cTACE Doxorubicin 108

Golfieri et al™! DEB-TACE Doxorubicin 89 RCT Ttaly
cTACE Epirubicin 88

Ferrer Puchol et al'*” DEB-TACE Doxorubicin 47 P Spain
cTACE Doxorubicin 25

Dhanasekaran et al*’ DEB-TACE Doxorubicin 45 R United States
cTACE Doxorubicin/ Cisplatin/ Mytomicin-C 26

Wiggermann et al'”) DEB-TACE Epirubicin 22 R Germany
cTACE Cisplatin 22

Recchia et al* DEB-TACE Doxorubicin 65 P Ttaly
cTACE Doxorubicin 70

Megias Vericat et al"*” DEB-TACE Doxorubicin 30 R Spain
cTACE DOxorubicin 30

'Study conducted on transplanted patients. DEB-TACE: Drug-eluting beads transarterial chemoembolization; cTACE: Conventional transarterial

chemoembolization; R: Retrospective; RCT: Randomizes controlled trial; P: Prospective.

APPLICATIONS OF TACE IN HEPATO-
ONCOLOGY

Intermediate stage
The recommendation for TACE as the standard-of-
care for intermediate-stage HCC is based on the
demonstration of improved survival compared with
best supportive care or suboptimal therapies in a meta-
analysis of six RCTs™®, However, there was considerable
heterogeneity between the individual study designs
(including patient populations and TACE technique) as
well as the study results, with only two**”! of the six
individual studies that reported 2-year survival rates
showing a statistically significant improvement compared
with conservative management (relative risk of death
after 2 years: 0.53, P = 0.017). Results from other two
meta-analyses confirmed that TACE improved survival
outcomes compared with conservative management,
however, both meta-analyses also concluded that there
were other treatment options (such as TAE or ethanol
injection) as effective as, if not superior to, TACE for
the treatment of unresectable HCC™®*!, Furthermore,
intermediate-stage HCC includes a heterogeneous
population of patients varying widely in terms of tumour
burden, liver function and disease etiology!'!!. In fact, it
should be noted that the previously mentioned studies
included patients with HCC described as “unresectable”
rather than those with HCC classified as intermediate
according to the BCLC schema.

Overall, the expected survival for untreated inter-
mediate HCC is 16 mo, whereas after TACE increased

WJH | www.wjgnet.com

JBaishideng®

up to 20 in the first studies™. However, these studies
compared TACE to BSC and not to other treatment
modalities such as surgery. Several reports on expanding
criteria for resection in HCC have been published in
the last years. In fact, two retrospective studies®"®"
and, above all, a RCT"*¥ explored the comparative
effectiveness of surgery (partial hepatectomy) with
respect to cTACE for intermediate patients. In the
Chinese RCT, median survival was 41 mo (range 1-50
mo) after surgery vs only 14 mo (range 5-47 mo) after
TACE (P < 0.001). However, it should be noticed that in
both study groups, median tumor size was beyond 7 cm,
a value representing a suboptimal indication to TACE®?.
This may explain the relatively poor outcomes observed
in TACE patients, that resulted very far from the most
recent studies in the field®*,

On the other hand, besides the attempt to expand
criteria for radical treatments, also the recently
developed new loco-regional techniques have challenged
the assumption of TACE as standard of care for BCLC
B patients. Transarterial radioembolization (TARE)
with yttrium 90 has gained increasing attention for
intermediate and advanced patients in the last years'®®,
Salem et af®”! retrospectively compared data from 245
patients (122 who received chemoembolization and 123
who received radioembolization) and reported longer
TTP following radioembolization than chemoembolization
(13.3 mo vs 9.4 mo, P = 0.047) but similar median OS
(17.5 mo vs 17.2 mo, P = 0.42) in BCLC B patients.
Therefore, in this landmark paper by the Chicago group,
TARE resulted in longer time-to-progression and less
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toxicity than chemoembolization®”). Post-hoc analyses
of sample size indicated that a randomized study with >
1000 patients would be required to establish equivalence
of survival times between patients given the different
therapies, a cohort not easy to collect in the clinical
practice!®®®, Other retrospective reports and a small
RCTs confirmed the non significant superiority of one
technique over the other®®”",

In conclusion, in absence of further solid data
provided by large RCTs, TACE remains the standard of
care for intermediate HCC patients, with surgery and
TARE as competitive options in case of compensated
cirrhosis (CP A) or more advanced tumor burden,
respectively.

Early stage

The EASL and AASLD guidelines recommend that the first
option for HCC patients within Milan criteria should be
hepatic resection or LT"?., Nevertheless, some patients
may be poor surgical candidates and the alternative is
a variety of loco-regional ablation techniques. Of these,
RFA is considered the treatment of choice for these
patients, recently reported to be as effective for small
HCCs (BCLC 0) as surgical resection’”?”*, However, some
tumors with a subcapsular or dome location and tumors
adjacent to intestinal loops or the main bile duct may
be unsuitable for RFA and in such cases TACE can be
used as therapy. Recently, Hsu et af” investigated the
clinical outcomes of Milan-in HCC patients undergoing
RFA (n = 315) or cTACE (n = 215). In the univariate
survival analysis, the RFA group had a significantly
better long-term survival than the TACE group (the
1-, 3-, and 5-year survival rates were 93%, 89%, and
72% for RFA, and 63%, 55%, and 43 % for TACE, P =
0.048), but after propensity-score matching (selecting
101 patients from each treatment arm) such a difference
was lost (1-, 3-, and 5-year survival rates were 85%,
60%, and 41% for RFA, and 86%, 55%, and 36% for
TACE; P = 0.476)"®. However, patients undergoing TACE
had a significantly higher cumulative recurrence rate
than patients undergoing RFA (P = 0.023), hence, this
study indicates that TACE and RFA lead to comparable
long-term survival but differ in recurrence rate for HCC
patients within the Milan criteria”'. In subgroup analysis,
patients with a smaller total tumor volume (< 11 cm?,
equivalent to a single nodule 2.8 cm in diameter) were
found likely to benefit more from RFA with respect to
TACEY, A probable reason for these results is that RFA
has a less satisfactory effect on medium tumors (3.1-5
cm in diameter) and multiple tumors'”®7®,

Following the conclusions of this paper, Kim et
al” have recently compared the two treatments in
287 very early (BCLC 0) HCC patients (122 and 165
patients treated with cTACE and RFA, respectively).
In this study, RFA and TACE did not differ significantly
in terms of mean survival (80.0 £ 2.3 mo and 72.1
+ 3.2 mo, respectively; P = 0.079), but objective
response rate (100% and 95.9% in the RFA and TACE
group, respectively; P = 0.013) and median TTP were
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significantly in favor of RFA (27.0 £ 3.8 mo after
RFA and 18.0 £ 2.9 mo after TACE; P = 0.034)"%.
Therefore, although the study by Kim et al”® does not
strongly support the superiority of RFA over TACE as
no statistically significant difference was noted in terms
of OS, however, RFA led to better tumor responses
and was associated with delayed tumor progression
compared with TACE.

The aforementioned study suggests RFA as first-
line treatment for unresectable early/very early HCC
patients, whereas TACE may be considered a viable
alternative when RFA is not feasible.

Downstaging/bridging
TACE is the most used treatment for patients in waiting
list for LT,

The aims of bridging treatments include decreasing
the waiting list dropout rate before transplantation,
reducing HCC recurrence after LT and improving post-
transplant overall survival.

TACE has been extensively used in the past as a
bridging treatment to LT and a number of studies have
shown that it is an effective therapy in terms of adequate
tumor necrosis achievement at explant analysis with
complete tumor necrosis rates ranging between 27%
and 57% in patients within Milan criteria®"*?,

These results are certainly of interest, considering
that RFA leads to superior complete necrosis rates
(between 50% and 78%) in single HCCs up to 3 cm,
but significantly poorer outcomes in larger or multiple
neoplasms (necrosis rate between 13% and 43%)®*%,

The effectiveness of TARE has recently been
evaluated by Riaz et af*®!, who studied 38 nodules in 35
patients treated with radioembolization before LT. In this
study, at explant analysis, 23 of the 38 target lesions
(61%) showed complete tumor necrosis; in particular,
complete tumor ablation was detected in 89%, 65%,
and 33% of lesions smaller than 3 cm, between 3 and
5 cm, and larger than 5 cm, respectively®®. The same
Group retrospectively compared effectiveness of TACE
and TARE in T3 HCC patients (i.e., beyond conventional
criteria): down-staging rate was 58% after TARE vs
31% after TACE (P < 0.05)""),

In conclusion, no definitive recommendation can be
made for one type of loco-regional therapy over others
in the pre-transplant setting. However, on the basis of
the aforementioned studies, RFA could be considered as
the first-line treatment for single lesions up to 3 cm, in
which complete tumor necrosis has been shown in more
than 50% of cases at explant analysis®®*®*, TACE should
be preferred for treating lesions > 3 cm because its
effectiveness appears to be better in well-vascularized
tumors with large feeding arteries.

Advanced stage

Advanced HCC (i.e., BCLC stage C) is characterized by
an Eastern Cooperative Oncology Group performance
status of 1-2 and/or the presence of portal vein
thrombosis (PVT) or extrahepatic metastases. According
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to current guidelines, advanced HCC patients can only
receive sorafenib while it is generally accepted that TACE
is not recommended in cases of macroscopic portal
vein invasion because of the potentially increased risk
of liver failure'?. Recently, however, some prospective
controlled trials have shown the survival benefit of
TACE over BSC in advanced HCC patients with PVT®%,
Therefore, the clear effects and safety of TACE in these
patients remain controversial. A recent meta-analysis
of 8 studies (whereof 3 prospective) has summarized
the published results on this regard: TACE resulted
potentially suitable and safe for advanced HCC patients
with PVT with a low rate of fatal complications®™.
Furthermore, for selected patients (those with estab-
lished collateral circulation and good liver function),
TACE treatment prolonged survival®. However, the
results of this meta-analysis should be interpreted with
caution because all the included studies were conducted
in Asia (hence, it is uncertain the applicability of these
findings to Western settings) and patients with better
liver function tended to be selected into the TACE group,
whereas those decompensated tended to be treated
with BSC. Moreover, sorafenib, and not BSC, is the
reference standard treatment for advanced-stage HCC,
hence, direct comparisons between the two therapies
are needed.

The only head-to-head comparison between the two
treatments published so far; is a retrospective European
study delivered by the Vienna group™'. By the way,
even in this well written paper, an underlying selection
bias can be detected, as thrombosis of the main trunk
of portal vein (well-known as at poorer prognosis) was
more frequently present in the sorafenib group than
in the TACE group (25% vs 3%). Median TTP was
similar between the two treatment groups (P = 0.737)
as well as median OS (9.2 mo, 95%CI: 6.1-12.3 mo
after TACE vs 7.4 mo, 95%CI: 5.6-9.2 mo in patients
treated with sorafenib, P = 0.377)®". Interestingly, in
the Austrian study, TACE achieved promising outcomes
(median OS of 14 mo) in selected advanced patients
(CP A and segmental PVT), a result confirmed in other
retrospective reports®. However, in the TACE group,
13 patients experienced severe adverse events and
4 treatment-related deaths, thus pointing out serious
concerns on the safety of TACE in this setting™"’.

Therefore, TACE might be a reasonable alternative
for selected advanced patients (segmental PVT and CP
A) who do not have access or are intolerant/unsuitable
to sorafenib or TARE, but the particular attention to
be paid to the safety profile restricts this therapeutic
opportunity to highly-experienced centers.

Combined regimens

A meta-analysis of 10 randomized trials and 18
observational studies including 2497 patients showed
that the combination of TACE with other treatments,
such as ethanol injection, external radiotherapy and
high-intensity focused ultrasound, result in better
survival outcomes and similar side effects than TACE
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alone®, However, for each combination, the number of
studies were mostly inadequate to provide a definitive
recommendation, thus further well-organized randomized
trials are needed to confirm these findings.

TACE is associated with local and systemic increase
in vascular endothelial growth factor;, since embolization
interrupts blood supply to the tumor, inducing hypoxia
and necrosis®. These observations suggest that
an antiangiogenetic agent (namely, sorafenib) may
counteract TACE-induced angiogenesis, thus improving
the post-procedural outcomes' %!, Two important
RCTs have explored the feasibility and the efficacy of
the combined regimen, without finding any definitive
evidence in favor of the association of sorafenib with
TACEP”*®], However, since other smaller RCTs and
retrospective studies provided discordant results,
combined regimens between antiangiogenetic agents
and TACE remain an interesting field of research in
hepato-oncology™® %,

CONCLUSION

TACE covers a broad spectrum of therapeutic indications
in hepato-oncology and, if the proper selection of
candidates is followed, represents a safe and effective
treatment. Further studies are needed to correctly
expand treatment indications and define the more
appropriate combined regimens with other loco-regional
therapies or systemic drugs.
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Abstract

Similar to other cancers, a multistep process of carcino-
genesis is observed in hepatocellular carcinoma (HCC).
Although the mechanisms underlying the development
of HCC have been investigated in terms of oncology,
virology, and stem cell biology, the whole picture of
hepatocarcinogenesis remains to be elucidated. Recent
progress in molecular biology has provided clues to
the underlying cause of various diseases. In particular,
sequencing technologies, such as whole genome and
exome sequencing analyses, have made an impact
on genomic research on a variety of cancers including
HCC. Comprehensive genomic analyses have detected
numerous abnormal genetic alterations, such as
mutations and copy number alterations. Based on these
findings, signaling pathways and cancer-related genes
involved in hepatocarcinogenesis could be analyzed in
detail. Simultaneously, a number of novel biomarkers,
both from tissue and blood samples, have been recently
reported. These biomarkers have been successfully
applied to early diagnosis and prognostic prediction of
patients with HCC. In this review, we focus on the recent
developments in molecular cancer research on HCC and
explain the biological features and novel biomarkers.

Key words: Hepatocellular carcinoma; Heterogenity;
Molecular biology; Oncology; Sorafenib

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

Core tip: Recent progress in molecular biology
enabled understanding of the mechanisms underlying
hepatocarcinogenesis and identification of useful
biomarkers. According to these findings, further efforts
would be needed to improve understanding of these
molecular mechanisms and to establish novel therapeutic
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a major cause of
cancer-related deaths, accounting for approximately
600000 deaths annually worldwide and more than
30000 deaths annually in Japan™?. It is well-known that
hepatitis B virus (HBV), hepatitis C virus (HCV), alcohol
abuse, and nonalcoholic fatty liver disease are the major
risk factors for hepatocarcinogenesis™. Majority of
patients with HCC are HBV or HCV carriers™?!, In HBV
X protein (HBx) transgenic mice, HCC developed within
one year after birth®. Similarly, HCV core transgenic
mice exhibited hepatic steatosis several months after
birth and eventually developed HCC"', These findings
implicate that chronic infection with HBV and HCV have
a direct action on hepatocarcinogenesis. Moreover, the
incidence of HCC in patients with metabolic syndrome
or nonalcoholic steatohepatitis has been increasing™.

It is now widely considered that accumulation of
genetic and/or epigenetic alterations transforms normal
cells into cancer cells through a neoplastic state. This
clinically well recognized process is called “stepwise
carcinogenesis”®. The transformed cells usually acquire
unique properties, such as sustained proliferative
signaling, evasion growth suppressors, resistance to
cell death, ability for replicative immortality, induction
of angiogenesis, and activation of invasion and meta-
stasis''>'!, Recent progress in molecular biology and
translational science enabled characterization of cancer
cells and establishment of therapeutic approaches in a
wide range of cancers. Sorafenib, an oral multikinase
inhibitor, has been recognized as a new molecular-
targeted therapy for HCC. The agent suppresses tumor
growth and angiogenesis by inhibiting the RAS/RAF/
MAPK signaling pathway and tyrosine kinase receptors
including vascular endothelial growth factor receptor
(VEGFR)"?, However, the prognosis of patients with
HCC treated with sorafenib has not been essentially
satisfactory!****, Therefore, further understanding of the
molecular mechanisms underlying hepatocarcinogenesis
and establishment of novel therapeutic approaches
remain the most important challenges.

In this review, we will summarize the recent progress
in molecular cancer research on HCC and explain the
molecular mechanisms underlying hepatocarcinogenesis.
We will also highlight the serological and pathological
biomarkers of HCC for diagnosis and prognostication.
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Signaling pathways and genetic alteration in HCC

It has been documented that dysregulation of several
signaling pathways including p53/RB, Wnt/B-catenin,
PI3K/PTEN/Akt/mTOR pathways plays an important role
in the development and progression of HCC!*>'®!, 1t is
considered that the aberrant activation or inactivation
of these pathways is attributable to somatic alterations,
such as mutations, changes of copy numbers, and
chromosomal rearrangements!”’. These results could
be applied to the classification and prognostication of
HCC™®, Among them, mutation of p53 and g-catenin has
long been recognized as a common genetic alteration in
HCC'®* and it is observed in approximately 30% and
20% of HCC samples, respectively.

Recent whole genome and exome sequencing
analyses enabled the surveillance of the signature of
genomic alteration and identification of somatically
mutated genes (Figure 1). In a study on exome se-
quencing of 24 HCC samples, Guichard et af*"! demon-
strated that major pathways including Wnt/B-catenin
signaling, p53/cell cycle signaling, PI3K/RAS signaling,
chromatin regulation, and oxidative and endoplasmic
reticulum stress signaling were commonly altered by
somatic mutations or homozygous gene deletions.
They found recurrent alterations in four genes (ARID1A,
RPS6KA3, NFE2L2 and IRF2), which were not previously
reported in HCC. Particularly, ARID1A, a chromatin
remodeling gene, was shown to be frequently mutated in
alcohol-related HCC. Whole-genome sequencing (WGS)
of HCC samples has also revealed recurrent somatic
mutations in several genes associated with chromatin
regulation, such as ARID1A, ARID1B, ARID2, MLL, MLL3,
BAZ2B, BRDS, BPTF, BRE and HIST1H4B"*. Mutations
in at least one of these chromatin regulator genes were
detected in more than 50% of HCC tissues. Taken
together, dysregulated chromatin remodeling plays a
critical role in HCC development.

Heterogenity of HCC

Genetic and functional heterogeneity in tumor-con-
stituent cells has been observed in a wide range of
cancers®!, To explain this, a hierarchical model or cancer
stem cell (CSC) model has been proposed and debated
on®, This model postulates that a small population
generates a hierarchical structure containing descendant
tumor cells. However, clonal evolution model suggests
that a series of clonal expansions accompanied by
accumulated genetic alterations contribute to intratumor
heterogeneity™®™. Recent sequencing technologies have
successfully demonstrated that most tumors exhibit
extensive intratumoral heterogeneity characterized
by individual tumor cells showing different somatic
mutation pattern™®!, Gerlinger et af*”! conducted exome
sequencing analysis of resected renal cell carcinoma
samples and demonstrated not only intratumoral hetero-
genity but also genetic alternations between primary
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Figure 1 The major pathways responsible for the development of hepatocellular carcinoma. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV:

Hepatitis C virus; HBx: HBV X protein; ROS: Reactive oxygen species.

tumor and metastatic lesions.

Multicentric tumor development is one of the most
vital aspects of hepatocarcinogeneis™. Fujimoto et
al” performed WGS on two pairs of multicentric HCV-
associated HCCs and unexpectedly found out that
neither common somatic mutations in coding region nor
common structural alterations were observed in these
tumors. These results may indicate that multicentric
HCCs were derived from cells with different genetic
alterations. On the other hand, Huang et af*' employed
exome sequencing of nine pairs of matched primary
HBV-associated HCCs and portal vein tumor thrombus
(PVTT) and demonstrated that more than 90% of
nonsynonymous somatic mutations were shared between
primary HCC and PVTT. Furthermore, 65 genes with
mutations either in primary HCC or PVTT were identified.
Among them, mutations in KDM6A, CULY, FGD6, AKAP3
and RNF139 were detected in PVTT, but not in primary
tumors.

HBY integration

It is well known that HBx, a multifunctional protein
encoded by the HBV genome, has the ability of the
transcriptional transactivation®. Moreover, HBx could
activate the JAK/STAT signaling pathway but impair
the p53 function®"*. Thus, HBx is deeply involved in
hepatocarcinogenesis.

The integration of HBV DNA into the host genome is
one of the important factors in hepatocarcinongenesis
in patients with chronic HBV infection™, This appears
to contribute to oncogene activation and/or tumor-
suppressor gene inactivation. HBV integration at the
Cyclin A and retinoic acid receptor B gene has been
reported approximately 20 years ago™**. Recently, a
novel sequencing technology was successfully applied to
the analyses of HBV genome integration. HBV genome
integration in the telomerase reverse transcriptase (TERT)
locus was observed in 4 of 11 HBV-related HCC samples
examined™. Because activation of telomerase, encoded
by the TERT, is associated with cellular immortalization,
the dysregulation of TERT expression may play a crucial
role in hepatocarcinogenesis. Sung et a** conducted
WGS of 88 Chinese patients with HCC and noted that
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nearly 40% of HBV breakpoints were located around
the X and core gene. Further, they revealed that in
some HCC samples, five genes (TERT, MLL4, CCNE1,
SENP5, and ROCK1) were recurrently affected by HBV
integration. They reported that the number of HBV
integration sites per tumor significantly correlates with
serum levels of HBsAg and alfa-fetoprotein (AFP). In
addition, patients with HCC with several HBV integration
sites exhibited shorter survival time than those with few
integration sites.

Single nucleotide polymorphisms associated with HCC
development

Genome-wide association studies are microarray-
oriented technologies that have been utilized to identify
single nucleotide polymorphisms (SNPs) associated with
many traits and diseases. Intronic SNPs in KIF1B and
STAT4 have been shown to be highly associated with
HCC occurrence in Chinese chronic HBV carriers®™”*®,
Similarly, it has been recently reported that SNPs in
MICA and DEPDCS are associated with HCC development
in Japanese patients with chronic HCV infection®**%,
To confirm the utility of these SNPs as risk markers for
HCC, further analyses of different populations would be
needed.

Stemness features in HCC

It has been reported that signaling pathways and
molecular mechanisms operating in stem cells are similar
to those in cancer™®". For example, BMI1, a polycomb
gene product, is a general regulator in normal stem cell
systems'*?. On the other hand, high expression levels
of BMI1 were observed in various cancers. We have
previously reported that fetal hepatic stem/progenitor
cells transduced with BMI1 acquired enhanced self-
renewal capability and tumorigenicity to generate
combined HCC in a mouse transplant model™?. Glinsky
et a*! analyzed gene expression profiles in wild type and
BMI1”" neurospheres. By comparing those to the data
obtained from primary and metastatic prostate cancer,
they successfully selected 11 BMI1-associated genes.
This 11-gene death-from-cancer signature was validated
in both epithelial and hematological malignancies.
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Figure 2 Cancer stem cells in hepatocellular carcinoma. Acquisition of stemness feature is closely associated with therapeutic resistance and unfavorable

prognosis in HCC. CSCs: Cancer stem cells; HCC: Hepatocellular carcinoma.

The gene set has been shown to predict unfavorable
outcomes in patients with these malignancies, which
indicates that BMI1-driven pathways are closely asso-
ciated with an aggressive cancer phenotype.

In a microarray-based gene expression analyses,
HCC with similar expression patterns as that of hepatic
stem/progenitor cells was associated with poor pro-
gnosis®, ¢-MET is a tyrosine kinase receptor for
hepatocyte growth factor (HGF). HGF/c-MET signaling
plays a crucial role in the development and regeneration
of the liver'™. Kaposi-Novak et al*”! conducted global
gene expression profiling of wild type and Met-deficient
mouse hepatocytes and showed that Met-regulated
gene expression signature is associated with aggressive
phenotypes in HCC, such as vascular invasion. Similarly,
it has been reported that epithelial cell adhesion molecule
(EpCAM) served as a surface marker in both hepatic
stem cell and CSCs*®. Furthermore, HCC is subclassified
into four groups on the basis of the expression of
EpCAM and AFP. These subtypes displayed distinct gene
expression patterns with features resembling certain
stages of hepatic lineages. EpCAM*AFP" HCCs exhibit
hepatocytic progenitor-like expression patterns and have
poor prognoses. In contrast, EpCAM AFP" HCCs exhibit
mature hepatocyte-like expression patterns and have
favorable prognoses.

Taken together, prognostic stratification based on the
expression of surface markers and molecules in hepatic
stem/progenitor cells revealed that stemness features
are closely associated with unfavorable prognosis in
patients with HCC (Figure 2).

BIOLOGICAL MARKERS FOR HCC

Serological markers for HCC

AFP, a plasma protein produced by the yolk sac and
fetal liver cells™, has been the most widely used
biomarker for the detection of HCC*®. However, AFP is
not a necessarily specific marker for HCC, considering
that its levels of may also be observed in patients with
chronic hepatitis and cirrhosis. In contrast, lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3) is specific
for HCC and has been available in clinical settings®". In
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addition, AFP-L3* HCC frequently exhibits biologically
malignant characteristics, such as portal vein invasion
and undifferentiated pathology™*. Protein induced
by vitamin K absence or antagonist-1I (PIVKA-1I),
also called des-gamma-carboxy prothrombin, is an
abnormal prothrombin induced by vitamin K shortage.
Hepatocytes with malignant transformation impair
the vitamin K-dependent y-glutamyl carboxylation and
produce PIVKA-TI™?. The serum levels of PIVKA-II
as well as AFP in patients with HCC were significantly
higher than those in patients with chronic hepatitis and
cirrhosis. A marked increase in serum PIVKA-TI level
is also observed in patients receiving anticoagulation
therapy with warfarin. Serum PIVKA-II level is shown
to be closely associated with large tumor diameters and
vascular invasion compared with that of AFP and AFP-
3™, However, these markers have been shown to be
insufficient for the detection of small HCC. Simultaneous
measurement of these markers, such as AFP and PIVKA-
0% and AFP-L3 and PIVKA-TI"®, contributes to the
improved diagnostic value for HCC detection.

Recently, dickkopf-1 (DKK1) has been shown to be
a promising serum marker for the detection of HCC™”.
DKK1 is a secreted protein with two cysteine-rich regions
and functions as a negative modulator of the Wnt/
B-catenin pathway by interacting with the co-receptor™®.
It has been shown that serum DKK1 levels were
significantly higher in patients with HBV-related HCC
than those in the controls™. In addition, simultaneous
measurement of DKK1 and AFP was shown to improve
diagnostic accuracy. Further analyses would be necessary
to determine whether DKK1 contributes to the diagnosis
of HCV-related HCC.

Molecular markers for HCC

Polycomb group gene products: Polycomb group
(PcG) complexes regulate epigenetic cellular memory
and establish and maintain cellular identities during
embryogenesis, development, and tumorigenesis®®",
PcG complexes can be functionally divided into at
least two distinct complexes: a maintenance complex,
polycomb repressive complex (PRC) 1 and an initiation
complex, PRC2. BMI1, one of the components of PRC1,
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is essential for maintaining the self-renewal capability of
somatic stem cells including hepatic stem cells’®*®*. We
have previously shown that BMI1 regulates CSCs in HCC
cell lines®™, These findings suggest that BMI1 regulates
self-renewal of both normal stem cells and CSCs by
repressing the transcription of negative regulator genes
for stem cell maintenance, such as Ink4a and Arf®.
Furthermore, BMI1 expression levels in HCC tumor
tissues are well correlated with the progression and
prognosis of the disease’®.

Ezh2, one of the components of PRC2, shows catalytic
activity specific for the trimethylation of histone H3 at
lysine 27. We have previously reported that Ezh2 tightly
regulates the self-renewal and differentiation of murine
hepatic stem/progenitor cells®”. Similar to BMI1, EZH2 is
also overexpressed in tumor-initiating HCC cells and HCC
tumor tissues®. In addition, EZH2-knockdown using
short-hairpin RNA and the pharmacological inhibition of
EZH2 by an S-adenosylhomocysteine hydrolase inhibitor,
3-deazaneplanocin A (DZNep) markedly impaired the
growth and tumorigenic ability of HCC cells'®®,

Taken together, PcG proteins such as BMI1 and
EZH2 may be encouraging therapeutic targets for HCC.
Considering that highly selective PcG protein inhibitors
have been developed, clinical trials would be of impor-
tance'®”?,

Glypican-3: Glypican-3 (GPC3), a member of the
family of glypican heparan sulfate proteoglycans, is an
oncofetal protein expressed in fetal liver and HCC!*.
Abnormal expression of GPC3 was observed in appro-
ximately 70% of HCC tumor samples and in appro-
ximately 50% of serum samples of patients with HCC"?.
Additionally, increased GPC3 expression detected by
immunohistochemical analyses correlated with poor
prognosis among patients with HC?!. Considering that
a clinical trial using a GPC3 peptide vaccine in patients
with advanced HCC has also been carried out”, this
appears to serve not only as a tumor marker but also as
a therapeutic target.

Heat shock protein 70: Heat shock proteins (HSPs)
are highly conserved protein serve as multifunctional
molecular chaperones!”.. Their expression is usually
upregulated in response to stressful stimuli such as heat
stress. Increased expression of HSP70 has been reported
in a wide range of cancers including HCC"®. Chuma
et al””! conducted oligonucleotide array analyses to
compare expression profiles among seven pairs of early
components and progressed components of nodule-
in-nodule type HCCs. They successfully demonstrated
that HSP70 expression was upregulated according
to the differentiation grade. It is possible that HSP70
could be a sensitive marker for the differential diagnosis
of early HCC from precancerous lesions. In addition,
combination of markers, such as HSP70, GPC3, and
glutamine synthetase”® and HSP70, GPC3, and EZH2"*
may contribute to the accurate diagnosis of HCC by
immunohistochemical analyses.
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Sal-like protein 4: Sal-like protein 4 (Sall4), a
member of the zinc finger transcription factor family,
is highly expressed in murine hepatic stem/progenitor
cells and functions as a regulator of cell fate decisions.
Overexpression of Sall4 in these cells significantly
inhibits hepatocyte-lineage maturation and adversely
accelerates cholangiocyte-lineage terminal differentia-
tion™®®. Overexpression of Sall4 in HCC cell lines
suppresses hepatocytic differentiation and leads to the
acquisition of stem cell-like phenotypes, such as chemo-
resistance", Together, Sall4 is closely associated with
the properties of both normal stem cells and CSCs in
liver. Recently, Yong et ai®* performed dlinicopathological
and gene-expression microarray analyses in terms of
Sall4 expression and revealed that increased expression
of Sall4 was closely associated with aggressive phe-
notypes of HCC and unfavorable survival. Gene set
enrichment analysis showed that Sall4-high HCC were
significantly enriched with genes involved in embryonic
stem cell signature, metastasis, hepatoblastoma, and
progressive HCC compared with Sall4-low HCC. In
addition, Sall4 peptide, consisting of 12 amino acids,
has been shown to block the oncogenic role of Sall4 in
part by modulating PTEN/PI3K/AKT signaling in HCC
cells.

Predictive markers for response to sorafenib treatment
in HCC

Sorafenib, an oral multi-kinase inhibitor, is available as
a new molecular-targeted therapy against HCC. Global
guidelines currently recommend sorafenib as first-
line therapy for Child-Pugh A patients with advanced
HCC™®, Sorafenib demonstrates its anti-HCC effect
by suppressing tumor growth factors and angiogenesis
through the inhibition of the RAF/MEK/ERK signaling
pathway and tyrosine kinase receptors, such as VEGFR®”.,
The safety and efficacy of sorafenib on patients with
advanced HCC has been demonstrated in phase Il
studies’®®®,

Some investigators have tried to determine the
predictive markers for the response to sorafenib,
which also serve as predictive indicators of prognosis
in patients with HCC. Physical findings, such as hand-
foot-skin reaction (HFSR) and hypertension have
shown to predict favorable outcomes in patients treated
with sorafenib® !, Alternatively, the presence of lung
metastasis could predict poor response to sorafenib®?. It
has been also reported that early decrease in AFP level
and increase in PIVKA-1I level determine the therapeutic
efficacy of sorafenib®**, Concordant with these findings,
our analyses demonstrated that increase in AST or AFP
levels, existence of MVI, and lack of HFSR serves as
independent predictors of poor prognosis®, Recently, it
has been reported that genetic amplification of FGF3/4
and VEGF-A was frequently observed in responders
to sorafenib in HCC®*®”). Rudalska et a/*® conducted
in vivo RNAIi screening to identify sorafenib-response
genes and reported that both shRNA-mediated and
pharmacological silencing of MAPK14 (p38a) sensitize
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HCC cells to sorafenib therapy. They also highlighted the
importance of inhibiting MAPK14-dependent activation
of MEK/ERK and ATF2 signaling to overcome sorafenib-
resistance.

Taken together, these findings may be useful as
prognostic biomarkers and are breakthroughs for
understanding of the molecular mechanisms underlying
the development and progression of HCC.

CONCLUSION

Progress in molecular biology, such as next-generation
sequencing, unveils the biological features of HCC.
These analyses were conducted on tissue and blood
samples. Recently, the use of “liquid biopsy” to analyze
circulating tumor DNA in peripheral blood has been
documented™**”, This approach is minimally invasive
and enables the detection of the sequence and mutations
of target genes. Combined use of novel approaches
and biomarkers contributes to early diagnosis and the
selection of the appropriate treatment for patients with
HCC. Further efforts would be needed to improve the
prognosis of patients with advanced HCC.
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Abstract

The success of sorafenib in prolonging survival of patients
with hepatocellular carcinoma (HCC) makes therapeutic
inhibition of angiogenesis a component of treatment
for HCC. To enhance therapeutic efficacy, overcome
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drug resistance and reduce toxicity, combination of
antiangiogenic agents with chemotherapy, radiotherapy
or other targeted agents were evaluated. Nevertheless,
the use of antiangiogenic therapy remains suboptimal
regarding dosage, schedule and duration of therapy.
The issue is further complicated by combination
antiangiogenesis to other cytotoxic or biologic agents.
There is no way to determine which patients are most
likely respond to a given form of antiangiogenic therapy.
Activation of alternative pathways associated with disease
progression in patients undergoing antiangiogenic
therapy has also been recognized. There is increasing
importance in identifying, validating and standardizing
potential response biomarkers for antiangiogenesis
therapy for HCC patients. In this review, biomarkers for
antiangiogenesis therapy including systemic, circulating,
tissue and imaging ones are summarized. The strength
and deficit of circulating and imaging biomarkers
were further demonstrated by a series of studies in
HCC patients receiving radiotherapy with or without
thalidomide.

Key words: Antiangiogenesis; Hepatocellular carcinoma;
Biomarker; Cytokines; Dynamic contrast enhanced
magnetic resonance imaging

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

Core tip: Antiangiogenic therapy has become an
important component of treatment in hepatocellular
carcinoma (HCC) patients. However, traditional anatomic
imaging of tumor shrinkage is not appropriate to
evaluate the efficacy of antiangiogenesis achieved by
normalizing tumor vasculature and systemic suppression
of angiogenic and inflammatory cytokines. To identify
and validate potential response biomarkers, standardized
systemic, circulating, tissue and imaging assays should
be incorporated in to preclinical and clinical studies
regarding the combination of antiangiogenic agents
to cytotoxic or biologic agents. The optimal dosage,
schedule and duration of antiangiogenic during com-

August 8, 2015 | Volume 7 | Issue 16 |



Ch’ang HJ. Antiangiogenesis for HCC

bination therapy for HCC patients should be titrated
according to these response biomarkers.

Ch’ang HJ. Optimal combination of antiangiogenic therapy for
hepatocellular carcinoma. World J Hepatol 2015; 7(16): 2029-2040
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
116/2029.htm DOT: http://dx.doi.org/10.4254/wjh.v7.i16.2029

INTRODUCTION

Patients with advanced hepatocellular carcinoma (HCC)
have a poor prognosis. Systemic therapy with cytotoxic
agents provides marginal benefit'?!, HCC, a highly
vascularized tumor; requires angiogenesis to grow, invade
and metastasize™. The success of pharmacological
inhibition of angiogenesis in HCC provided by sora-
fenib™!, makes it the first and only systemic agent to
notably improve survival in HCC patients.

Although the inhibition of angiogenesis in HCC is
an established modality of cancer treatment, concerns
regarding toxicity and drug resistance still constitute
barriers to be overcome. Recent randomized studies
comparing multikinase inhibitors - sunitinib™, brivanib"”,
and linifanib™ - and the combination of sorafenib
plus erlotinib™ with sorafenib alone does not reveal
better survival rates or tolerability. In this review,
issues brought up by combining antiangiogenic agents
with chemotherapy, or other targeted therapy will
be summarized. A series of our study, incorporating
thalidomide, an antiangiogenic agent, during radiotherapy
for HCC patients will be introduced.

Another approach has been to combine antian-
giogenic therapy with inhibitors of other angiogenesis
or molecular targets. Tivantinib, a c-MET inhibitor, was
compared with placebo in a randomized phase 1I study
in advanced HCC. Improved time to progression with
tivantinib, especially for patients with tumors of high
MET expression was noted™. Cabozantinib, a receptor
tyrosine kinase inhibitor of c-MET/VEGF receptor 2
(VEGFR?2), is undergoing phase Il evaluation in HCC
patients failed or could not tolerate sorafenib™. The
mTOR inhibitor everolimus was compared with best
supportive care alone in a randomized phase III trial
(EVOLVE-1) in the second-line treatment of HCC
patients. No significant survival benefit was noted using
everolimus in HCC patients relapsed from sorefinib™*.
Everolimus was also combined with sorafenib in a
phase I trial of HCC, and 43% of the patients developed
grade 3/4 thrombocytopenia™®.

Other inhibitors of genetic or epigenetic targets of
HCC including basic fibroblast growth factor (bFGF)
inhibitors, heat-shock protein inhibitors, histone
deacetylase inhibitors, MEK inhibitors, insulin growth
factor (IGF)/IGF receptor inhibitors, Wnt signal inhibitors,
immunotherapy with or without the combination of
antiangiogenesis are under clinical investigation in
advanced HCC™,

With all the efforts in improving clinical outcomes
of antiangiogenesis, the optimal dosing schedule of
antiangiogenic agents alone or in combination for HCC
patients is largely unclear. Along with the development
of new therapies, a parallel effort must be made to
identify biomarkers of response, and toxicity in order to
provide HCC patients with safe and effective therapies.

STRATEGIES TO IMPROVE
ANTIANGIOGENESIS THERAPY IN HCC

To improve the clinical outcomes of antiangiogenic
therapy in HCC, the combination of antiangiogenic
agents with cytotoxic chemotherapy or with other
molecularly targeted therapies may act synergistically to
generate additive effects. A better understanding of the
mechanisms regarding the action of sorafenib on HCC
plus the investigation for predictive biomarkers may
allow us to select patients suitable for anti-angiogenesis
therapy.

Combinations of anti-Vascular endothelial growth
factor (VEGF) agents with chemotherapy in HCC
are under evaluation. Treatment with bevacizumab/
capecitabine/oxaliplatin or with bevacizumab/gem-
citabine/oxaliplatin in HCC patients resulted in median
survivals of less than 10 mo™®*", Based on the en-
couraging data from sorafenib plus doxorubicin in
HCC™, a phase T randomized study (CALGB80802)
comparing sorafenib plus doxorubicin with sorafenib
alone is underway in patients with advanced HCC.
Studies combining sorafenib with gemcitabine/oxali-
platin, modified FOLFOX, or capecitabine/oxaliplatin are
ongoing.

Raishidenge ~ WJH | www.wjgnet.com

RESPONSE BIOMARKER

Anatomic imaging biomarkers that quantify liver tumor
response to cytotoxic therapy are based on temporal
change in the size of the tumors. Objective response by
size-based decrease in tumor, may translate to an early
clinical endpoint, in substitution for overall survival*®,
Anti-VEGF therapy has primarily cytostatic effects, may
prune and normalize the tumor vasculature, and can
have substantial systemic effects such as modulation of
circulating proangiogenic and proinflammatory cytokines
and cells™®?", These effects may not shrink but rather
stabilize the tumor size and prolong survival®*®.. Unlike
conventional chemotherapy, an effective dose of an
antiangiogenic agent can be less than the maximum
tolerated dose, whereas certain toxicities may be dose-
related®”. The development of antiangiogenic therapy
or other biologic therapy requires new methods for
measuring response to therapy.

Blood pressure as a biomarker

Hypertension has been observed in patients with cancer
treated with anti-VEGF antibodies or tyrosine kinase
inhibitors (TKIs) and is clinically manageable in most
cases with medication. There is evidence that patients
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Table 1 Circulating biomarker of hepatocellular carcinoma patients receiving antiangiogenic therapy

Treatment Patient enrolled Patient n Predictive value Prognostic value Ref.
Sorafenib, bevacizumab or Elevated AFP 72 AFP responder (AFP decline > 20% in 4 wk) Early AFP responder: associate ~ Shao et al""”
thalidomide/ oral 5FU correlate with response with PFS, OS
Sorafenib Advanced 30 High baseline IL-8 correlates Miyahara et al™*!
with PD; high Ang2, G-CSF,
HGEF, leptin correlate with
shorter PFS
Sorafenib Advanced 491 High baseline sc-KIT, low HGF correlate ~ Baseline Ang2, VEGF, AFP Llovet et al™
with sorefinib response correlate with survival
Sorafenib Post-operative 29 High phosphor MET correlate with Xiang et al""™
sorafenib resistance
Sunitinib Advanced 34 High baseline AFP, IL-8,IL-6,  Zhu et al™
SDF1, TNF correlate with PFS
and OS; decreased 11-6, sc-
KIT at day 14 correlate with
improved PFS and OS
Sunitinib Advanced 37 High baseline VEGFC correlates with High base VEGFC correlates Harmon et al"*!
response with TTP; change in VEGFA,
sVEGEFR2 correlate with OS
Sunitinib Advanced 23 Decrease sVEGFR2 or TNF correlate, with Sahani et al™"”!
decrease in K™ Kep; Decrease K™, Kep at
week 2 correlate with response
Bevacizumab Advanced 43 Increase CEC on day 15, low IL-8 correlate High baseline IL-8, IL-6 Boige et al"™
with disease control correlate with short PFS, OS
Bevacizumab Advanced 59 High Ang2, EGFR, endothelin 1, no Kaseb et al"*!
acneiform rash correlate with poor outcome
Thalidomide Advanced 47 No predictive value of VEGF, bFGF, PIGF Hsu et al™
Thalidomide/tegafur/uracil ~ Advanced 43 High IL-6, IL-8 correlate with ~ Shao et al™"
short survival
Thalidomide/radiotherapy Advanced 24 No predictive value of VEGF, bFGF, IL-6, Baseline IL-6, SDF1 at week Ch'ang et al®!
SDF1, TNF 2 correlate with PFS. SDF1
at 1 mo post radiotherapy
correlates with OS
TSU68 Advanced 35 High sVCAMI correlates with response Kanai et al"™

AFP: a-fetal protein; PFS: Progression free survival; OS: Overall survival; IL: Interleukin; PD: Progressive disease; Ang2: Angiopoetin 2; G-CSF: Granulocyto
colony stimulating factor; HGF: Hepatocyte growth factor; VEGF: Vascular endothelial growth factor; SDF: Stem cell derived factor; TNF: Tumor necrosis
factor; TTP: Time to progression; sVEGFR: Soluble VEGF receptor; K™ Transfer constant; Kep: Redistribution rate constant; CEC: Circulating endothelial
cells; EGFR: Epidermal growth factor receptor; bFGF: Basic fibroblast growth factor; PIGF: Placental growth factor; sVCAM1: Soluble vascular cell adhesion

molecule 1.

with hypertension have better survival outcomes!?*?%,

A significantly improved progression-free survival (PFS)
for patients with grade 2/3 hypertension after receiving
bevacizumab is noted compared to those who did not
develop hypertension on bevacizumab treatment (P =
0.04). These findings suggest the possibility of titrating
the dose of anti-VEGF therapy by hypertension for
efficacy optimization.

VEGF as a biomarker
The most extensively studied biomarker in antiangiogeni
therapy has been VEGF (Table 1). Free VEGFA is rapidly
cleared from the circulation, and a wide variation
in plasma VEGF concentrations has been reported
due to different assay sensitivities™".. After immune-
depletion of VEGF bound to bevacizumab, Loupakis et
al® reported that the concentrations of free and active
VEGF decreased significantly from day 0 to day 14 after
bevacizumab treatment.

Associations between outcomes of antiangiogenic
therapy with VEGF levels in the circulation have
been reported in clinical trials of breast cancer and
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HCCP**31, However, in other cancers neither the intra-
tumoral nor the circulating VEGF was associated with
the outcome of bevacizumab treatment™**), Baseline
VEGF and angiopoietin-2 concentrations were found
to be independent prognostic markers in the sorafenib
HCC assessment randomized protocol trial. However,
these biomarkers were not predictive of response to
sorafenib?®®,

Many studies have shown a lack of correlation
between VEGF levels at baseline and the outcome of
antiangiogenic therapy>*”. Intriguingly, the circulating
levels of VEGF seemed to be significantly elevated after
most antiangiogenic therapies targeting this pathway'*®.,
Similar phenomenon was noted after therapy with
anti-VEGFR TKIs™*. Preclinical data indicate that this
increase in VEGF may be induced by a host-response to
hypoxia in tumors.

On the other hand, the VEGF genotype has emerged
as a predictive biomarker from the phase III study of
bevacizumab in metastatic breast cancer (ECOG 2100).
VEGF-2578AA genotype was associated with a superior
overall survival in the combination arm™.
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Placental growth factor and soluble VEGFRs as
biomarkers

Circulating plasma levels of placental growth factor
(PIGF) increase consistently in response to anti-VEGF
treatment. Thus, plasma PIGF is now being considered
as a potential biomarker of anti-VEGF therapy™**.
Of interest, the increase in PIGF may be due to
systemic effects, as tumor-derived PIGF may actually
be decreased after bevacizumab treatment™*®. Ziv-
aflibercept, a recombinant fusion protein that blocks
multiple factors in the angiogenesis network by binding
VEGFA, VEGFB and PIGF. Results of the EFC10262-
VELOUR study revealed a significant improvement in
the primary endpoint of overall survival (OS) with ziv-
aflibercept and FOLFIRI compared to FOLFIRI alone'”},
despite approximately one-third of the patients having
received prior bevacizumab treatment. These findings
underscore the potential role of other VEGF family
members in tumor angiogenesis.

Circulating levels of soluble VEGFR2 and VEGFR3
proteins are decreased by TKIs that directly target these
receptors, but not by bevacizumab. Studies showed that
patients with higher plasma levels of sSVEGFR1 had a poor
outcome after treatment with bevacizumab, sunitinib,
vandetanib, and cediranib®®****!, Polymorphisms in
the FLT1 gene that are associated with higher VEGFR1
expression have been associated with poor outcome of
bevacizumab containing regimens in phase I studies®.
The mechanisms by which these changes occur, their
biological significance, and their utility as predictive
biomarkers are not understood.

Other proteins as biomarkers

Collagen IV is one of the main constituents of tumor
vascular basement membranes. Proteolytic degradation
of the basement membrane during vascular norma-
lization by antiangiogenic agents can release soluble
collagen 1V in blood circulation. In recurrent gliobastoma
patients, increase in plasma collagen IV levels after
anti-VEGF therapy was associated with an increase in
PFS™, In patients with metastatic colorectal cancer,
responses to vatalanib plus chemotherapy correlated
positively with tissue mRNA levels of VEGFR1, lactate
dehydrogenase (LDH) A and glucose transporter (Glut)
1 and inversely with hypoxia inducible factor 1-o**.
In addition, patients with high baseline serum LDH
levels had longer PFS and OS after treatment with
vatalanib and chemoradiation™'. Baseline soluble
intracellular adhesion molecule (ICAM)-1 was shown to
be an independent prognostic factor of OS in patients
treated with bevacizumab and chemotherapy or chemo-
therapy alone in metastatic non-small cell lung cancer
(NSCLC)P",

Certain inflammatory cytokines might have potent
proangiogenic effects. In patients with advanced NSCLC
who were treated with vandetanib plus chemotherapy,
vandetanib alone or chemotherapy alone, increase
plasma VEGF levels for vandetanib monotherapy and
increase in plasma interleukin (IL)-8 for combination
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therapy were associated with increased risk of disease
progression®®. A phase 1I study suggested that IL-8
A-251T polymorphism may be a molecular predictor
of response to bevacizumab based chemotherapy in
ovarian cancer®™!, In phase 1 studies, the extent of
increase in inflammatory cytokines such as IL-10 in the
plasma during treatment was associated with an inferior
outcome in patients with rectal and ovarian cancer after
bevacizumab and chemoradiation treatment, and an
inferior outcome in patients with advanced HCC after
sunitinib therapy™***°, Association between increased
plasma stem cell derived factor (SDF)1a after treatment
and poor outcome in anti-VEGF studies in recurrent
glioblastoma, sarcoma and breast cancer were re-
ported***®**, Increased plasma SDFlo and plasma
IL-6 have been associated with poor outcomes in
locally advanced rectal cancer and HCC patients treated
with bevacizumab, chemoradiation and sunitinib*°%,
In line with these findings, preclinical studies have
shown that sunitinib can induce elevation of circulating
inflammatory cytokines in mice, which might result in
more aggressive recurrent or metastatic tumorst®®%,

Other circulating factors reported to be associated
with clinical outcomes after antiangiogenesis includes
plasma angiopoetin-2, bFGF, platelet derived growth
factor-BB, soluble Tie2, sICAM-1, and matrix metallo-
proteinasesi***¥*%63¢¢ (Taple 1).

Tissue biomarkers

Tissue based biomarkers are difficult to establish
because of the invasive and costly nature of these
procedures and the variations in immunohistochemical
procedures and interpretations. Intratumoral levels of
VEGF have not been shown to predict survival outcome
of anti-VEGF therapy®>®”, although correlations with
response rates have been reported™. On the other
hand, increased SDF1 and CXCR4 were noted in rectal
cancer patients after anti-VEGF treatment®*®, High
carbonic anhydrase IX expression was associated
with better tumor shrinkage for metastatic renal cell
carcinoma patients treated with sorafenib”®. Genetic
studies of colorectal cancer did not associate p53,
KRAS or BRAF mutations with bevacizumab treatment
outcome'”!. Single nucleotide polymorphisms (SNPs)
in VEGF, VEGFR2 and VEGFR1 were associated with
survival after treatment with bevacizumab based
regimens*>°*’? In line with the important role of
inflammatory cytokines in angiogenesis, a consistent
finding appeared to be the association between SNPs
in CXCR2 and IL-8 genes and the outcome after anti-
VEGF therapies®’”>”%, More extensive investigation and
validation are warranted to determine a biomarker for
antiangiogenesis therapy.

Circulating cells

In response to sunitinib, the number of circulating
endothelial cells (CECs) and monocytes can be
decreased in patients with HCC and gastrointestinal
stromal tumors (GISTs)?**!, However, In GISTs
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Table 2 Imaging biomarkers of hepatocellular carcinoma patients receiving antiangiogenic therapy

Treatment Imaging study Patient n Predictive value Prognostic value Ref.
Sorefinib or sunitinib  Perfusion CT, DCEUS 19 < 40% decrease in AUC at 1 mo Frampas et al™*
correlates with PD
Sorafenib CEUS 21 Reduction in enhancement correlates Moschouris et al™*!
with response
Sorafenib Perfusion CT 10  Increase in MTT correlates with AFP Sacco et al™
response
Sunitinib DCEMRI 24 Decreased K™ or Kep correlate Zhu et al®
PR/SD
Sunitinib DWI, MRP 23 Decreased K™" or Kep at week 2 High baseline K™™ and decrease Sahani et al™™
correlate with response in EVF correlate with longer PFS

Bevacizumab Perfusion CT 25 Low baseline MTT correlates with Zhu"

PD; increased MTT correlates with

PR/SD

Bevacizumab DCEUS 42 Decrease between day 0-3 of AUC, Time to peak intensity correlates  Lassau et al"""

AUC during wash-in, AUC during with PFS; AUC and ACU during

wash-out, time to peak intensity wash-out correlate with OS
correlate with tumor response
Bevacizumab/ Perfusion CT, dual-phase 23 High baseline MTT correlates with ~ High baseline MTT correlates Jiang et al"”
gemcitabine and contrast enhanced CT PR/SD; high baseline K™ correlates with better PFS
oxaliplatin with responder
Bevacizumab Perfusion CT 22 Reduction in percentage change ~ Hayano et al"
of FD and low baseline FD
correlate with longer OS
Thalidomide Power Doppler US 47 High baseline vascular index in Hsu et al™
responder

Thalidomide Perfusion CT 18 High baseline blood flow and blood Petralia et al”

volume correlates with progression
Thalidomide/ DCEMRI 22 High baseline and week 2 Slope in ~ Perfusion parameters over liver Liang et al®”
radiotherapy responder parenchyma correlate with PFS

and OS

Pazopanib DCEMRI 26 Reductions in IAUGC and K™ Yau et al™"

not correlate with pharmacokinetic
parameters

CT: Computed tomography; DCEUS: Dynamic contrast enhanced ulatrasonography; AUC: Area under curve; PD: Progressive disease; CEUS: Contrast

enhanced ultrasonography; MTT: Mean transit time; AFP: a-fetal protein; DCEMRI: Dynamic contrast enhanced magnetic resonance imaging; K™

Transfer constant; Kep: Redistribution rate constant; PR: Partial response; SD: Stable disease; DWI: Diffusion weighted imaging; MRP: Magnetic resonance

imaging derived perfusion parameter; EVF: Extracellular volume fraction; PES: Progression free survival; FD: Fractal dimension; OS: Overall survival;

Slope: Initial first-pass enhancement slope; IAUGC: Initial area under the tissue gadolinium concentration-time curve.

patients, clinical benefit was significantly associated
with increases in CECs (P = 0.007) as compared
with those with progressive disease™. TKIs such as
cediranib or bevacizumab combined with chemotherapy
did not change the amount of circulating progenitor
cells. One of the caveats of using CECs as a biomarker
is the means of assessment, which needs to be more
rigorously established and standardized.

Imaging biomarkers

Noninvasive imaging has been widely applied for
monitoring antiangiogenesis therapy in cancer drug
discovery (Table 2). The techniques used in molecular
imaging include positive emission tomography, single-
photon emission computed tomography, molecular
magnetic resonance imaging (MRI), optical fluores-
cence, optical bioluminescence, and targeted contrast
-enhanced ultrasound. For example, temporal change
in dynamic MRI and computed tomography (CT)-based
tissue vascular measures such as blood flow, blood
volume, or permeability have been shown to occur after
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treatment with bevacizumab or anti-VEGFR TKIs in
clinical studies”. In HCC patients successfully treated
with bevacizumab, CT perfusion imaging demonstrated
substantial reductions in hepatic tumor blood flow,
blood volume and permeability, findings that may
predict treatment response!™, In MRI perfusion studies,
HCC nodules treated with sorafenib showed a higher
decrease in K™, which represents the volume transfer
constant between blood plasma and the extravascular
extracellular space. This finding reflects a decrease
in tumor permeability and correlates with longer PFS
and OSY”., The extent of drop in K™ at day 14 after
sunitinib in advanced HCC was significantly associated
with PFS®*. The wide spread incorporation of perfusion
as a biomarker has been hampered by inconsistencies
in quantification results from different software and
acquisition methods, as well as the time intensive
analysis of data”®”"! (Table 2).

The validation of clinical imaging of angiogenesis will
be a slow and costly process. Different types of clinical
trials that include histologic analysis will be needed.
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CHALLENGES IN IDENTIFYING AND
VALIDATING BIOMARKERS

Despite numerous investigations of antiangiogenic
biomarkers, no validated biomarkers currently exist for
predicting response or identifying appropriate patients
for antiangiogenic therapy. Several challenges need
to be overcome. Since the mechanisms regarding the
actions of the currently approved antiangiogenic agents
are not fully understood, there are no adequate criteria
of pharmacologic response’®®®!, The development of
toxicity or resistance due to the activation of VEGF-
independent pathways should also be explored. Besides,
the biopsy or blood sample before treatment may not
reflect the biology before subsequent treatment. There
is also regional heterogeneity with one part of a tumor
not necessarily having the same vascularity as another
part. A spatially resolved “dynamic biomarkers” are
warranted. Furthermore, the measurement of candidate
biomarkers should be optimized and standardized
before independent validation.

INCORPORATING THALIDOMIDE INTO
RADIOTHERAPY FOR HCC: DYNAMIC
CONTRAST ENHANCED MRI STUDIES
FOR HCC DURING RADIOTHERAPY

With the advancement of modern radiation and
respiratory-gating technique, radical radiation to a
portion of liver can achieve a high local control rate in
patients with advanced HCC®*®!, However, slow tumor
shrinkage and rapid recurrence compromise treatment
outcomes. The development of surrogate markers to
monitor the response of HCC to radiation is important®.,
The maximal response to radiotherapy is often achieved
6 mo after completion treatment. This slow response
makes it difficult to modify an ineffective regimen for
HCC in a timely fashion, especially in patients with a low
level of serum o-fetal protein. Furthermore, intrahepatic
recurrence outside the field of radiation is a common
cause of treatment failure®*®, Scattered radiation
related tissue inflammation and damage may have
a deleterious effect on tumor control because of the
release of cytokines or angiogenic factors’®.

We evaluated the signal parameters of dynamic
contrast enhanced MRI (DCEMRI) over liver parenchuma
as well as liver tumor in HCC patients before, during
and after radiotherapy. Initial enhancement slope and
peak enhancement ratio, representing microcirculation
and permeability to contrast material were measured
over an operator-defined region of interest. From
nineteen patients with advanced HCC, we found that
increased signal parameters of the tumor at week 2
during radiation were associated with an improved
local response. In the parenchyma, increased signal
parameters at week 2 were associated with recurrence
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or progression'™®!, The observation was validated in
another forty-three patients. Signal parameters of
baseline as well as week 2 during radiotherapy were
higher in patients with responsive tumor’®”!, Multivariate
analysis, however, showed signal parameters over
liver parenchyma, but not over tumor, independently
predicted PFS and OS®”. In line with the observation,
univariate analysis showed Child-Pugh classification B
and poor liver function predicted shorter PFS. These
observations emphasized that liver function reserve, but
not tumor response, of these heavily pretreated HCC
patients impacts the survival after radiotherapy'®®.

INCORPORATING THALIDOMIDE INTO
RADIOTHERAPY FOR HCC: CYTOKINES

AND IMAGE STUDIES

With the a priori DECMRI study in HCC patients
receiving radiotherapy, we evaluated the combination
effect of thalidomide to radiotherapy within the same
population of patients with identical image acquisition
and analysis protocols’®*”, Thalidomide, an angiogenesis
inhibitor, was noted to radio-sensitize tumors by
reducing interstitial fluid pressure, increase perfusion
and tumor reoxygenation®. The anti-inflammatory
effect of thalidomide could contribute to the radio-
sensitization and disease control of HCC***Y, Low
dose thalidomide resulted in a response rate of less
than 10% and a disease stabilizing rate of 50% in
HCC patients'®®*. Twenty-four patients were enrolled
and received concomitant thalidomide and radiation.
Thalidomide was prescribed at a dose of 100 mg twice
daily starting three days before radiotherapy to achieve
a steady serum level®”. The dlinical outcomes, cytokine
and DCEMRI studies were compared with patients
receiving radiotherapy alone. Thalidomide suppressed
the serum bFGF significantly and to a lesser extent,
the IL-6 and tumor necrosis factor o levels. Multivariate
analysis revealed that baseline IL-6 and week 2 SDFla
level independently predicted the PFS. A decreased
SDFla at one month after radiotherapy complete was
a significant prognostic factor of longer OS of HCC
patients receiving radiotherapy. Patient with responsive
or stabilized disease had significant longer OS (288 +
51 d vs 203 £ 52 d, P = 0.02). However, none of the
cytokines evaluated correlated significantly with tumor
response after radiation. Despite acceptable toxicity
and significant suppression of serum bFGF, thalidomide
at current dosage and schedule did not correlate with
tumor response and survival of HCC patients receiving
radiotherapy™.

On the other hand, DECMRI studies of the 22 HCC
patients receiving thalidomide and radiotherapy showed
consistently that signal parameters at baseline and
at week 2 during radiotherapy correlated with tumor
response. However, the addition of thalidomide at
current dosage and schedule did not change the signal
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parameters significantly compared to the 22 patients
receiving radiotherapy only®”1, The inconsistency
between serum biomarker and DCEMRI parameter was
reported in a study using ribonucleotide reductase M2
inhibitor with radiation in pancreatic cancer patients®®.
In our study, the significant suppression of bFGF by low
dose thalidomide may be tumor-independent changes,
nonetheless, reflect systemic exposure to thalidomide.
They could serve as drug activity markers to determine
optimal biological dose ranges, but not as predictive
or prognostic biomarkers®?®??, QOur studies indicate
that daily dose of 200 mg thalidomide may induce a
systemic suppression of angiogenic and inflammatory
cytokines. However, the cytokine effect did not trans-
late into vascular change within liver tumor or liver
parenchyma. The optimal dosage and schedule of
thalidomide during radiotherapy for HCC patients should
be further explored.

The superior sensitivity and the lack of radiation put
DCEMRI at the forefront of clinical translation as imaging
biomarker. However, the analysis of abdominal and
thoracic DCEMRI is often impaired by artifacts and mis-
registration caused by physiologic motion. More recent
reports suggested methods available to alleviate post-
processing difficulties in DCEMRI for image analysis™.
DCEMRI parameters seemed to help to predict tumor
angiogenesis measured by microvascular density and
VEGF expression levels and discriminate malignant
from normal tissue™ . A sufficient decrease in tumor
vascular parameters was used to assign an appropriate
dose for an additional phase II trial of an antiangiogenic
therapy (AG-013736). The author showed that the day
2 vascular response measured using DECMRI seemed to
be a useful indicator of drug pharmacology™. However,
paradoxical negative correlation between K™ and
CD31 expression was reported as welll****%2, Continuing
investigations are needed to accurately depict whether
DCEMRI truly has a role in imaging tumor angiogenesis
and evaluating response to antiangiogenesis therapy.

CONCLUSION

Recent preclinical and clinical data suggest the
advantage of combining antiangiogenic agents with
chemotherapy, radiotherapy or other biologic agents in
numerous pathologies. However, in order to optimize the
effectiveness of the combination, it is essential to study
the mechanisms by which antiangiogenesis or strategies
over molecular targets are obtained. Standardized
systemic, tissue, circulating and imaging biomarkers
should be incorporated into well run preclinical and
clinical studies, in order to choose the optimal sequence
and administration time of these drugs.
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Abstract

AIM: To review the effectiveness of exercise as a
therapy for nonalcoholic fatty liver disease (NAFLD)
and potential benefits in treating insulin resistance and
atherosclerosis.

METHODS: Medline (EBSCOhost) and PubMed were
searched for English-language randomized controlled
trials and prospective cohort studies in human adults
aged = 18 which investigated the various effects of
exercise alone, a combination of exercise and diet, or
exercise and diet coupled with behavioral modification
on NAFLD from 2010 to Feburary 2015.

RESULTS: Eighteen of 2298 available studies were
chosen for critical review, which included 6925 patients.
Nine (50%) studies were randomized controlled trials.
Five (27.8%) studies utilized biopsy to examine the
effects of physical activity on hepatic histology. The most
commonly employed imaging modality to determine
change in hepatic steatosis was hydrogen-magnetic
resonance spectroscopy. Only two studies examined the
effects of low impact physical activity for patients with
significant mobility limitations and one compared the
efficacy of aerobic and resistance exercise. No studies
examined the exact duration of exercise required for
hepatic and metabolic improvement in NAFLD.

CONCLUSION: While exercise improved hepatic
steatosis and underlying metabolic abnormalities in
NAFLD, more studies are needed to define the most
beneficial form and duration of exercise treatment.

Key words: Nonalcoholic fatty liver disease; Non-
alcoholic steatohepatitis; Fatty liver; Exercise; Obesity

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

Core tip: Lifestyle modification through increased
physical activity is beneficial in patients with nonalcoholic
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fatty liver disease (NAFLD). Although weight loss has
been shown to produce improvement in biochemical
and histological markers of NAFLD, exercise might
improve hepatic steatosis and steatohepatitis even in
the absence of major weight loss. Cardiovascular and
resistance training both seem to benefit patients with
NAFLD; further study is needed to determine if one is
more effective than the other. A reduction in sedentary
time in the absence of increased intense physical activity
might also improve NAFLD, although more research is
required.

Whitsett M, VanWagner LB. Physical activity as a treatment of
non-alcoholic fatty liver disease: A systematic review. World J
Hepatol 2015; 7(16): 2041-2052 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i16/2041.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.116.2041

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a burden-
some and increasingly prevalent disease throughout
the world. It is the most common cause of chronic
liver disease among children and adolescents and
represents the leading cause of chronic liver disease
worldwide™!. The staggering prevalence of NAFLD, by
some estimates affecting more than 30% of the Western
population, parallels the increasingly sedentary lifestyle
and continued rise of the obesity epidemic’®’. NAFLD is
commonly referred to as the liver manifestation of the
metabolic syndrome, and risk factors for its development
include diabetes, obesity, and hyperlipidemia™. The
prevalence of NAFLD approaches 90% in patients with
hyperlipidemia, 70% in patients with type 2 diabetes,
and greater than 91% in patients who undergo bariatric
surgery™®,

NAFLD encompasses a spectrum of disease ranging
from isolated hepatic steatosis to steatosis with
inflammation and hepatocyte injury [non-alcoholic
steatohepatitis (NASH)], which is an increasingly
common cause of cirrhosis and hepatocellular carcinoma
and is on trajectory to become the most common
indication for liver transplantation in the United States!”.
Patients with concurrent diabetes mellitus are at a
higher risk for the development of NASH, particularly
as insulin sensitivity worsens. Diabetics with NASH
experience higher rates of microvascular complications,
such as chronic kidney disease and retinopathy, as well
as higher rates of all-cause mortality when compared to
non-NASH diabetics™®.. In addition, NAFLD is associated
with prevalent coronary artery disease and myocardial
dysfunction. A diagnosis of NAFLD is an independent
risk factor for the development of cardiovascular disease,
which represents the leading cause of morbidity and
mortality in this patient population®®®, Early recognition
and treatment of NAFLD is crucial in the prevention of
associated cardiometabolic and liver-related mortality.
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While numerous pharmacologic agents can be used
to treat the metabolic derangements that often coexist
in NAFLD, pharmacologic treatments for NAFLD itself
are lacking. The first line treatment of NAFLD is lifestyle
intervention, including diet and exercise!'""?. Exercise
may aid in the reduction of hepatic steatosis, prevent
progression to cirrhosis, and may improve both insulin
sensitivity and cardiovascular health, factors which
contribute to the leading cause of mortality in this patient
population*?. Despite the well-established benefits of
exercise, there is a lack of robust data to support the
efficacy of exercise as treatment in NAFLD™!. Data
gleaned from cross sectional studies correlate inactivity
and sedentary lifestyles with the development of
NAFLD"**], Physical inactivity leads to reduced insulin
sensitivity, an increase in visceral and peripheral fat
deposition, and an increase in free fatty acid uptake by
the liver''®!. Exercise as a treatment for NAFLD targets
many aspects of the disease: the metabolic syndrome,
insulin resistance, hepatic steatosis, and cardiovascular
disease. Exercise also thwarts the proposed two step
development of steatohepatitis, which occurs as a result
of deranged fatty acid and lipid metabolism, leading
to increased deposition and impaired export of hepatic
lipids along with de novo lipogenesis, followed by an
increase in inflammatory cytokines and infiltrate within
the livert"”'®,

Current guidelines do not address specific recom-
mendations for exercise therapy among persons with
NAFLD, such as which form of exercise, level of intensity,
or duration of treatment provides the most benefit for
NAFLD reduction. Well-desighed studies in diabetic
populations, a population that shares a similar physiology
with NAFLD, suggest that combination exercise with
both aerobic and resistance exercise achieves the
greatest improvement in metabolic parameters including
glucose control and abdominal adiposity, and it reduces
the risk of developing cardiovascular disease and the
microvascular complications of diabetes!'**”, The aim of
the current study is to conduct a systematic review of
the available published literature to assess the efficacy
of exercise as a treatment for NAFLD and its effect on
the cardiometabolic comorbidities of NAFLD, including
insulin resistance, dyslipidemia and amount of visceral
adiposity. Various forms of physical activity treatment
will be reviewed, including exercise programs with and
without controlled diets and exercise of varying intensity,
duration, and form.

MATERIALS AND METHODS

This systematic review adheres to the relevant criteria
from the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement. The methods
used, including identification, screening, eligibility, and
inclusion, were agreed by the authors (Whitsett M and
VanWagner LB) in advance. An electronic search of
the English language medical literature was conducted
using Medline (EBSCOhost) and PubMed to identify
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Records identified through database Additional records identified

searching (7 = 2291)

through other sources (7 = 7)

|

‘ Records after duplicates removed (7 = 1752) ‘

‘ Records screened (7 = 1276) ‘*{ Records excluded (7 = 1233)

Full-text articles
assessed for eligibility (7 = 43)

Full-text articles excluded, with
reasons abstract only (7 = 12)
Unrelated (7 = 10)

Studies included in
systematic review (7 = 18)

Figure 1 Preferred Reporting Items for Systematic Reviews diagram.

published articles on the role of physical activity as a
treatment for NAFLD in adults aged = 18 years of age.
This search strategy used a combination of the following
prespecified MeSH headings and keywords alone or in
combination: “NAFLD", “nonalcoholic fatty liver disease”,
“fatty liver”, “hepatic steatosis”, "NASH”, “nonalcoholic
steatohepatitis”, “non-alcoholic steatosis”, “exercise”,
“resistance training”, “aerobic training”, “aerobic
exercise”, “circuit training”, “walk test”, “endurance
training”, “strength training”, “weight training”. Boolean
operators (“and”, “or”) were also used in succession to
narrow or widen the search. The search was restricted
to English language and human studies.

Inclusion criteria

Studies examining the association between physical
activity in adult patients with NAFLD were included.
Randomized controlled trials, prospective cohort trials,
and well-constructed retrospective studies were included.

Exclusion criteria

Non-English language studies and animal studies were
excluded. Studies which examined adolescents or
children (age < 18) were excluded.

RESULTS

A total of 2298 studies were initially identified through a
comprehensive database search. An additional 7 studies
were identified from a hand review of references. After
duplicate removal and screening for studies published
from 2010 until February 2015, 1276 studies were
identified. Fifty-three relevant studies were screened
through review of article title and abstract, and eighteen
studies were included in this review (Figure 1). Nine
(50%) of these studies were randomized controlled
trials. A total of 6925 patients were included in these
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studies. Five (27.8%) studies utilized biopsy to examine
the effects on hepatic histology, and the most commonly
employed imaging modality to determine change in
hepatic steatosis was hydrogen-magnetic resonance
spectroscopy (H-MRS). Two studies examined the
effects of low impact physical activity for patients with
significant mobility limitations. One study compared
the efficacy of aerobic and resistance exercise in NAFLD
patients. Study characteristics are summarized in Table
1. Main study findings will be discussed below and are
summarized in Table 2.

Diet and exercise

Eckard et a®! examined how variations in diet with
moderate intensity exercise regimens impact the NAFLD
activity score (NAS), which evaluates the degree of
hepatocellular ballooning, steatosis, and inflammatory
infiltrate on liver biopsy™?. He enrolled 56 participants
in four distinct groups: (1) standard control (n = 14);
(2) low fat diet with moderate exercise (n = 14); (3)
moderate fat/low processed carbohydrate diet with
moderate exercise (n = 13); and (4) moderate exercise
only (n = 15). For six months, participants in the
exercise arms engaged in an 18-step exercise program
that combined aerobic and resistance exercises for
20-60 min, 4-7 d per week. Participants assigned to
the low fat and moderate fat groups received nutritional
instruction, attended special nutrition classes, and
received personalized diet plans, designed with a goal of
achieving one pound of weight loss per week based on
caloric intake and energy expenditure. All participants
received instructions on the completion of a 3-d food log.
Participants in the standard care group also attended
one specialized nutrition class. Participants in the low
fat and moderate fat groups received nutritional follow-
up counseling and specific dietary education. Biopsies
were performed before and after the intervention

August 8, 2015 | Volume 7 | Issue 16 |



Whitsett M et a/. Physical activity as a treatment of NAFLD

Huipaodoe paisdoig-au auam sjusiied “1e) 9,0€ pue ‘uiodd 0,0z ‘se3elpAyogied o405 Jo bunsisuod (63) ybiam Apoq [espl x B3/|ed Gz sem papuswiwodal 391p SU3 pue ‘uoissas
Jad ujw 0z 1ses| Je Joj Apjeam 0uY] ‘SasIDIaXa diqoJae Jo palsisuod uswibal ay] ‘|erl Sy} UIyIM HSYN -0 sisodqy pey sjuaned o "asiUaxa diqotse pue 8Ip ybnoiy 945 Aq
Wb1em Apoq |e303 a0npaJ 03 pabelinodus auam 80 > onel ybiam jualdinal-o3-yedb yim (9%0£-%S) SIsoieals pliw Jo (sajnuelb ey yum Asdoiq uo sjAdoieday ©409-%0€ Ueyy
J131ea.b) sisojeals 249A9s 0] jeiapowl aAey 03 punoy pue paisdoiq Ajjeulbuo sjusied "uoneuop 03 Jold Ajanoe [eaisAyd ul abebua pue sajA1sal) Auyeay ulejuiew siouop jeyl
aAnReJsadwi Ssi ) Jouop a3 Jo sisojeals dieday Jo aubap ayy Aq papedw Ajiaeay si uopejue|dsue) JaAl Jaye |eAians Yedb asnedag ‘Asdoiq sunnod uo 14N AeY 03 punoj
slouop JaAl| Buin|| [epuslod 3saqo-uou OZT Ul SISo3eals panoiduwil sabueyd 9jAISayl| pue SsioUaxa JIGoIsR MOY SUILLISIDP 0} Apnis aAladsolial e pawdopiad (/e 39 Ul
'sjuaned q14vN
4O Yyjjeay ay3 ul JuswiaAociduwll Ue SA3IYDR ||13S Ued Sso| Jybiam Inoylm asinIaxa eyl s3sabbns Apnis siyy 4aAsmoH "q14vN uo pey sabueyd Aueaip ‘Aue Ji ‘Pays jeym ulepsose
03 JNdLIP SI Y ‘SISIP 38} MO| pue wnipaw paquasald ay} 03 aduadaype Jood a4 Se |[M Se UoiUSAIRIUL 381p 3Y3 JO AJIXajdwiod a3y Jo ashedag “aunjipuadxa duojed pue 9Ip
paquosald Jisyy 03 Juadaype-uou a1am sdnodb Jey a3elopoul pue ey Moj ay3 Lpoqg ul syuedipiued Jo 9405 ‘Ajleuonippy ‘sjuedpipied usayy JO SSO| e Yam ‘Apnas Jejnoded Siy3 Ul
93el uonLpe ybiy e sem atay) ‘aou JO °sso| ybiam Jo aaub6ap jJuedyiubis e paasiyoe dnolb suo JoN *S|PAS| aselajsuenoulwle Ul aseatdap Juedyiubis e sem auay) ‘Ajjeuonippy
'sdnoub usamiag SdusJBYIp JULDUIUBIS Aj|ED1IISIIEIS OU SeM aUaU] 19A ‘Buleseq wody SYN Ul 9sea.d9p jueduiubis e psousuadxa sdnodb |y 'SYN ul abueyd syl sujuLsisp 0}

‘Gurdewr aoueuosar onpudeN RN ‘Adodsoxndads souruosar onaudew-uaGoIp AL :GYIN-H ‘21l MedL] )] Passasse J0N (VN ‘SopLIodA[SIL] i [ ‘9our)sIsal urnsuy Y ‘21008
Ayanoe QTIVN SYN ‘[eL} PI[[O[U0d paziwopuey [ DY eUondds-ssox)) 1) 2andadsonay oy 2andadsolr] :J ‘punosen|n :gn ‘Snifpuw sajeqei( A ‘suiedayoies)s dIoyod[euoN] ‘SN ‘dSeasIp I9A1] A33e J1[oyod[euoN (I TIVN

urua
AM ZL 067<-0ST sno10SIA ApPom Sox o1qorey sisojeays onedary 1Dy sn 691 egl? 7290
ow 9 UIur 09-0¢ 91eIdPOIN M x /F SO JIqOIdE PUE JDUR)SISAY A3oroisTH d Asdorq 1017 1% Lgl? 12 PrePH
ow § uru ()9 9JRISPOIN M x € ON JIOI3L PUB DUBISISIY s1503ea)s oryedapy 1D RIN 1€ (el #2 TYOORG
Mg urur 06-Gy VN AM x € ON 90UE)SISY Jua3u0d prdry onedayenuy 1Dd SIN-H 1C leql? 42 PIOMS[[EH
ow ¢ uru (f VN M x € ON our)SISAY s1503e9)s oryedap] 1D sn 8 Lgl? 12 18es-19q[9Z
ow gL VN VN VN SIX 2101y s1ajowered drjoqels N 1D SOWAZUD I9AT[ ‘S /80T 1gl? 72 ung
ouwr g unu 06 %0¥ < dqH XeN AM x € Sox o1qorey sisojeays oppedapy d sn 4 240
p8uaf 39s ON urnu (g VN M x € SO JIqOIY £3o10381y Aq Sisojedng Ni Asdorq 1017 0zL et 12U
sonauny
M 9T uru 09-0¢ 9JeIpON M x g ON JIqoIdy prdiy quejuod S, onedayenuy [ SIN-H 8L |gl? 12 UeAI[NS
M 9T unu Gy-0g 91eIaPOIA M x € ON J1qoIaY uondUNJ Ie[NISLAOIDIN 1D SWAZUS IDAT[ ‘G ¥¢ onl? 12 ysng
uonoduny
M 9T unu GH-0g 9)JRISPOIA M x € ON J1qoIRY Te[ndSeAOIdIW SNoUeIND) ID¥ SoWAZud I2AT] ‘SN cL sal? 12 y3ng
M 8F uru 00g SJeIBPON Apream ESN J1qoIY SVN i) £sdorq roar] 1e gl 42 Yoo
ojer sep
Pz UIW ()9-0G  }EdY XBW 9,G8-9,(08  OANNIISUOD) ON 2101y juajuod O donedayenur Y| d SUN-H /T (ogil? 42 SDRL
snoI1ogia
VN VN ‘ajeIapou ‘aAT}ORU] VN ON (110da1-j19s) auoN SVN “Aianoe [eorsAyg N Asdorq 10A17 €18 il 12 RS
M ZT unu O0g VN M x T ESN pugdH sisojeals oneday d sn o) [egl? #2 TYONSemeY]
ML unu O0g VN M x T ON UoneIs[ady sisojeals oneday d SYN-H ‘sn 81 eal? 12 4O
pL VN VN VN ON I0juoWw LAY Kranoe reorsAyd jo pPas] o) 09 < xopur 1Al Ajed  €97T [ppl? 42 19QID
awm Ayapoe
PL VN VN VN ON I0juow AIARDY TedrsAyd pue Arejuspag d SAN-H L8 gl? 19 YHOMS[IEH
uoneinp UonUAAINU]  uoneinqg Aisudjug fouanbaiy
aspIIXg UONUAAIIUI UONLIINN  UonuUdAIIUI A)ANDE Jo adA| palpnis 1alaweseq udisoag  Judwssasse qTIVN u JEN|

(S102Z-010Z) aseasip JaAl K33ej dijoyodjeuou pue KAnde [ediskyd usamiaq diysuone[aa ayy ssasse yoiym saipnis paysiiqnd jo sonsualdesey) | 3[qer

August 8, 2015 | Volume 7 | Issue 16 |

2044

WJH | www.wjgnet.com

JRaishideng®



Whitsett M et a/. Physical activity as a treatment of NAFLD

JUIU0D Apanisuas
JeJ [RISSIA PUR ‘[RUTWIOPJR “SIS03ea)s paaoidur urmsur painsesw-duep | J1qoIae
UI J[NS91 9SIDISXD JIGOIDE PUB S0UR)SISII oY VN (raN) poaoxdwy 309339 ON 309530 ON STV9H ‘OL “1aH 1 ON 52 90URISISAY N + ATIVN (exl? 42 YOG
sprdiy oedsyenur ur uoponpar (SIN-1)
SATR[DI 9, CT © UI S)NSDI SSIDIDXD dDURISISIY VN pasoxduy 109530 ON uonepIxo jeq | (SN) MI-VINOH T 0 0UR)SISAY ATIVN (l? #2 YHIOMS[Te]
[012)Sa[0YD

‘uonjewrurefyur ‘Ajisodipe [europqe ‘s1soyea)s

UT UOT)ONPAI UT S)NSIT SIOIIXD dOUR)SISAY VN (sn) paaoadwy 309330 ON unLeg 1 [o13s9[0yd [e30, T %620~ Qoue)SISAY ATIVN gl? 19 18eG-1qRZ
SUIOIPUAS DI[OqRIW Y} PUE ‘DOUB)SISIT UI[NSUT [013)S9[0YD
LTV UI 9SeaIddp Ul S)[NSAT dSIDIIXD DIqOIOY VN VN pasoaduy 109JJ ON €101 VMI-VINOH T %9'1T- JIqoIdY AT4VN pgl? 19 Ung
unoauodipe | VL
9DUR}SISAI UI[NSUL “UOTJRWIWRJUI ‘SISO}ed)S (uedsoxqr] pue “UILLIRY ‘ 1¥DSY TdH ‘urnsut | O, “1a71
SUNPaI UL SUOTE JIIP SPISdXD ISIIXD YIIM I VN sn) pesoxdwy  pasordwy  ‘undey ‘9-T 0-INLT  “AF-VINOH DIVIH T %EEL- 21q019Y AT14VN sal? 72 4O
ssof JySrom juedyrudis
JO 9dUdSE A} UI UdAD s1ouop Surar] Suoure SIS0}e9)S
SISO}JEa)S PISEIIIP UI S}[NSAI ISIDIIXD JIOIDY pasoxduug VN pasoxduuy VN [oI31s3[0Pd [e10 ], T %6°C- J1qoIdY ATIVN el 12l
JUU0D
9pLdA[31n orjedayenjur ur uonoNpar JuedyrUIs (SAN-H)
UI S)[NSa1 SSO JYSIOM JNOYJIM ISIDISXS JIQOIDY VN paaoxduuy paaoxduuy 109539 ON| 109539 ON| 0 2101y AT4VN Ll? 2 URAT[INS
ATiVN Ut
UONE[IP PIJRIPAUW MO[J SIA0IAWIT 3SIDISXS JIqOIDY VN 109533 ONI 109739 ON 109139 ON| asoono) 1 0 J1qoIdY ATIVN onl? 2 uSng
ATIVN Ul uone[rposea
parerpaw-ON saA0IduIr 9S1I9X0 dIqOIdY VN 09§09 ON pasoxdug 109539 ON 09§30 ON 0 JIqOIY ATIVN gl 12 uSng
stsoIqy
uoneUILIR[JUI ‘SISOea)s “Buruoo[[eq ‘SYN [[eeA0  ut a8ueyd ON (SN) JI-VINOH DTVaH
ur JusuwraAoxdur ur pajnsar ssof 3YSem 9,/ < 'SYN pasoxduy VN pasoxdug VN ‘urmsut ‘asoonyo) 1 %E'6 dIqOIY HSVN sq? 72 YeIWOI]
spidi] pajernjesundjod
Surseamnur Aq uonisodwod pidip oeday SISOJed)s unoauodipe
SI9)[e A[qRIOAR) SIDIDXD DIqOIIR WLI}-}I0UG paaoxduuy VN VN ‘1nd pdry | AI-VINOH 2soon[o) T 0 2101y AT4VN ogl? #2 SN
SI1soIqy pue
ATIVN JO AILI9A3S ) YIIM Pajerdosse HSVN Jjo sppo 1 (oAmoRUL S2 ] SN0I0Z1A)
SI 9SIDI9X [B10} 1O AJRISPOU JOU JNd SNOIOTIA = V. Sno1o3iA VN 109J39 ON 109539 ON aso0on[3 pue urnsuy 1 VN (3r0dar-jps) suoN  ATIVN ‘HSVN gl? 19 TOISDI
SISOJER)S pUB SIWAZUD ISA] “UOTRUILUIRTJUT “¥] UT
Juswasoxduur yuedyrudis ut synsax Sururen puqiH VN (sn) pasoxrduwy  pasoxduy 911 T MI-VINOH umsuf %60" PUqAH dTiVN el? 12 TN Seme|
911 Jo Ayrfenb pue sisojeays
‘SOWIAZUD TOAT] “UORWIWIR[FUI “¥] U judwdAoxdur unoauodipe | TOIAL
JuedyIUSIS Ul S}[NSa1 SUTUTes} UOHRIS[RIY VN (sn) pasoxdwy  pasoxdwy  ‘undsy ‘9-71 0-INL T VN %6'T- UOHRID[PIDY AT14VN (al? #2 4O
Vd snoxoSia-ajerapowr
se [[om se yJ a3e1aAe jo a[nrenb jsamof = N + Nd +
ATVN A TIVN-UOU ety swy v s3] = ATIVN VN VN VN VN VN VN 1oyuow A1APY  ATIVN ‘ATIVN yl? 12 199190

s[onuod Ayiyeay
uey) A Jo aduaeaard 1o3eaid pue ‘armyrpuadxoe

A319us ssa[ ‘owy ATejUspas arow = QTIVN VN VN VN VN VN VN I0jIuOW AJIAROY ATAVN 1ozl? 42 YHOMS[[e]
£3oj03s1y SuiSewy Aq SaWAzZUd §5313S dAIEPIXO spidij pue (V %) uonuaAINIUI
suoisnpuo?) BEVNG | 8 JOAI] BEVNG | pue uopewiweyu| dUe)SISI ulnsuj ssof JySivM  A3Ande jo adA] uonejndod gEY|

(S10Z2-0102) seasip JaA1| £13e) dijoyodjeuou pue LAnde [edisAyd usamiaq diysuonea.a ayl 1oj ssuipuy Apnis paysiiqnd g djqeL

August 8, 2015 | Volume 7 | Issue 16 |

2045

WJH | www.wjgnet.com

JBaishideng®



Whitsett M et a/. Physical activity as a treatment of NAFLD

et (zoA) uondwnsuod uabAxo xead 9,GG-%GH 18 Buisinioxa padinbaly Yyoiym ‘uie asiniaxa ay3 0jul papIAIp aJom sjyuaned uasiybig uaal aya AQ (91-1a1A) SopLdA|bLY
uiy0idodi] AjIsusp MO| AJSA JO UOIFDIDDS JO 93Bd DY) 9SBaIOSP PINOM I} eyl INg JaAIl B3 UIYHM JUud3U0d 9pLadA|bul 9onpal AjUo J0U pjnom 3sDJaxe d1qoJae Ajsuaiul
sjesspow Jeyy BuizissyjodAy ‘sjeas| pidi onedsy pue asipuexe diqodse usamiaq diysuopelal ayj auiwexa 03 3ybnos |, 42 39 ueAlns :@1dVN Pue Ajianoe diqolsy

"*d14VN 4O S1oaye SnouUIRPp 9yl Sziwiuiw 0} yoreoidde Jayjoue aq Aew swin Alejuapas buiziwuiw ‘asiaxe |ewdoy buibeanoous 03
uonippe ui 3ey3} jou 03 Juepodwl s 3 NG ‘as 4od uoRUDAISIUI BSIDISXD Aue paJayo Apnis JaUBN *S93aqelp JO aouajenald 1Sapowl e 9ARY pue ‘suln Alejuspas paseaddul aAeyY
‘anpe AjjedisAyd sso| oq 03 punoy aJom sjuaned gi4yN ‘sioyuow Ajiande paubisap Ajjeidads Jo asn sy} Aq sdnolb ayl usamiaq AJAIpe [edisAyd ul SDUSIDYIP SY3} passasse
9H "sjoquod Ayyeay pue ‘sazaqelp snid d14vyN ‘Buoje @1dwN :sdnolb ¢ suiwexa 03 9002-S00Z PUB +00Z-£00Z WOody ASAINS UORRUILEXT UORLINN PUB JesH [euoneN au}
woly eyep paues|b , /e 39 JoaqUaD "uoien|eas Alojelode| paAisdal syusied @4vN AJUO JeU3 10B) SU3 03 SNp [0/3U0D pue SSED U9MIS] S0Ue)SISal UlNsul JO SIsojes)s dijeday Jo
2a469p ay3 buipaebau spew aq pjnod uosuedwod ou ‘ybiam pue (TNg) buibew soueuosal onaubew Jaybiy e abesane uo pey syuaned @14¥N 943 SjIUM *S|03u0d Ayieay ueys
awin} anRpe pue awi bupjiem ssa| pue ‘ainjipuadxe Abiaua sso| ‘awn Alejuspas Jo spouad Jabuo) buiney papiodad syusned q4VN ‘pe10adxa Sy "SABP USASS JO 9SIN0D 93 JOAO
ainmpuadxa ABiaua pue [9A39] AjiAoe palnseaw Yoiym ‘syuedpiped (e 03 sa0Inap ajqeleam papinodd aH “sjusned g4vN Ul swin Aejuapas pue Ajianoeul [eoisAyd Jo Jualxa sy
paunsesw ARAIDSIGO (/2 79 YHOMS|[BH SUOISN|DU0D Jiay3 yoead 03 ‘Ajsow sAsains ‘ejep aAidalgns uo paljal sjusined gldvN Ul Joineysq Auejuspss Buibneb saipnis snoiaaid
"PURIS Jo ‘Buidas)s ‘Buiydiem UOISIASISY Ul Se UoNs ‘JusLusAoW JO Yoe| pue Ajiaideul Jo spouad Ayibus| yioq Jo spoliad se pauysp si awily Alejuspas "swolpuAs djjogelsuu
ay3 03 9sodsipaid ued usyl Ydiym sioyoej ‘@ouelsisal uljnsul pue Alsaqo Jo Juswudojaasp ayl 03 pea| ued 3jA1sayl| Aejuapas e buiar :@1dVN YHm sjudned ul spns] Ajnnpy

suofjuaAidlul asloiaxg

*J91p 404 BU||[043U0D JO MIB| BYF YIM BSIDISXD JO JYauaq an.3 ay3 Ulepsdse 03 Jndwip
SI 31 ‘yyeay J1vu3 Ul JuswaAoidw Juedyiubis e paousuadxa uopuaAiul 9jA3sayl| bulobispun dnoub ay3 Jeyy pamous Apnis au3 9|IUM 'S|0J3U0d 03 patedwlod USYM SWOJIPUAS
dljogejaw ay) Jo SouajeAald pue ‘souelsisal ulnsul ‘(1Y) asedajsuesjoujwe sujuele uj uoppnpad juedyiubis e paousiiadxa wJie 3jA3sa)l| Y} Ul sjusied ‘d1dvN Ul 9SIUaXd
pue bunes Ayjeay Jo anjeA ayj uo uonRednps papiAoid aiam pue sygey AepAlsAs Jisy) ulejuiew o3 pabelnodus aam dnodb [043u0d BU3 Ul 9soy] *(SSUaX3) Yoom/U«SIaW
+ (AuAipe [eoisAyd) eam/U.(SITIA) S¥Sel JusjeAinba dijogejaw €7 Jo [eob e yim SaspIaxa JoUYlo op pue ‘quup Jies ‘6ol yjem 03 pabeinoous atam Asy) ‘ssyespAyogJed
0%SGE pue ‘uid3odd 94GT ‘IB) 9%0E :3BIp [eads e uaAIb sem dnolb uopusAISIul SAIS3YI| DY ‘BJAISDJ| J0 [0.J3U0D 0} PRZIWOPURS BISM SJUdIIRd UESA BUO JO 3SIN0D B3 JOAO
syusned QT4VN Z80T Ul Siajdweled Dljogesul SNOUBA UO UoRUSAISIUL 9|A3Sayl| 4O 10aya ay3 BulApnis Ag eulyd ul Apnis ab.e| AAissaudwi ue payoune| /e 38 uns
'S|S0333S Ul JuswdA0Idw] SASIYDE. ||NS ued
sso] Jybiem Bupusuadxa INOYIM JB1Ip pue 3sDIXa diqoUtse Ul xeped oym sjuaned Ing ‘sso| Jybiom 03 pes| as|pJaxa pue 8Ip usym Apuedyiubis anoidw sisojea)s ued Ajuo jou
SNy *sIs03es)s [0} Ul uoipdnpal 94 Tz e paouauadxa dnodb auyj ‘[e303 Ul 'siso3esls ul Juswaoidwl ue paouauadxs ‘auou 3s0| 40 Jybiam swes sy} paulejuiel oym aulos
Buipnpui ‘(syuaned OzZT Jo £0T) s4ouop Jo Jusdtad aay-Aybig ybiam Apoq |e103 JIBU3 JO SJ0W JO 94G JO SSO| B paAsiyde pey Asy) aouo Jo jualdidad ay) Jo shiels yyeay auj 03

‘punosenyn :gn ‘eydye 1030ey SISOAU I0WN ], - N[, ‘SOPHSOA[SIL], :0) ], /S90URISNS dATOLII PIdR JLINJIGIRGOIY ], ;S V4] “Xopur payeinjesunijod prdry ;1N ‘Ayanoe [esrsAy ] 1y J Juesyrudis A[[eonsmneis
JON SN ‘OpIX0 dIGIN :ON ‘sniredayojes)s JIoYod[euoN] LSV N ‘SeasIp AT A33ej dI[oyod[euoN] :(ITIVN ‘Passasse 10N ‘YN ‘[013sa[0yd ursjordodiy Ayisusp-mo 1 ‘spidif temyeoofurenuy DA ‘9-Uurynapju] :9-7[ ‘urejord
QATIORI-D AJIANISUDS YSIL] : JYDSY “JUduIssasse [opou sisejsoawioy Aq adue)sisar urnsu] N[-VINOH ‘Jo1iso[oyd umjordodr) Ayrsusp-ySip 1y ‘urqoiSoway paye[AsodA[D) :DTVqH ‘Adoosondads aoueuosar onaudew-ua3orpAH
'SYN-H ‘snat[ow sajaqer( TN ‘esersjsuenourue sutuely 11V (% z1-%'9 28uer) sdnoid [re ssome 3s0] jySrom a8e1any, ‘tiie suoe dSI0I0XD d)eI9POW ) Ul uaas sem ured jySrom piru ‘surre aspraxa snid 3a1p ayy ur 3so YSoM,

uondNpaI YoM

J0 Juapuadapur WSIoqe}aw proe A1jej pue ssaxns unoauodipe | SYVAL
JATIEPIXO Y[ JO SI[IeW saonpax Apuedyrudis (uedsoiqy UNLIIRY ‘DY 1aH |
(£pfeam unw Gg <) Vd Sno10314 03 21eIDPOIN VN ‘5n) pasoxdwry  pasordury  ‘undsy ‘9-T[ 0-INL T DL “1AT W-VINOH 1 %V0L IqOISY dTiVN gal? 12 4O
SVN saaoxdur sdnoi8 [re ur dIqorae (%88)
‘SSO[ JYSToM JNOIIM UdAD ‘UoredyIpowt 9[A)sajr]  SYN paaorduy VN pasoxdug 109539 ON 109330 ON %€ T pue 0UR)SISIY HSVN ‘ATIVN (gl? 72 PreH

August 8, 2015 | Volume 7 | Issue 16 |

2046

WJH | www.wjgnet.com

JRaishideng®



for 16 wk with 30-60 min sessions held 5 times weekly.
There was not a dietary component to either arm of
the study, and control patients were told to continue
with their daily activities. Patients underwent H-MRS
pre and post intervention to evaluate the triglyceride
content of their livers, and underwent a study with
isotope tracer to determine if the VLDL secretion
rates had improved. After the intervention, the
concentration of intrahepatic triglyceride content in the
exercise arm decreased significantly (> 10%), without
a significant change in body composition or weight. The
reduction of hepatic triglycerides also correlated with
a reduction in serum ALT. Exercise had no significant
effect on VLDL-TG or VLDL-apoB100 secretion rates or
lipid plasma concentration. While the study evaluated a
small number of patients, the results bolster the body of
evidence that suggests that exercise with a moderate
level of intensity has a modest impact on the degree
of hepaticsteatosis in NAFLD patients.

Oh et al®® studied how a regimented diet in
conjunction with aerobic exercise can improve hepatic
steatosis and various anthropometric parameters, such
as visceral and subcutaneous adiposity, when compared
to diet alone. Fifty-two obese men with NAFLD either
engaged in diet alone or diet plus aerobic exercise which
consisted of either walking or jogging for 90 min thrice
weekly at @ maximum heart rate > 40%. The diet was
1680 kcal daily, and patients kept food journals, met
with dietitians, and attended group education sessions.
The diet and exercise group experienced a greater
improvement in inflammatory serum markers as well
as a greater reduction in hepatic steatosis, visceral and
subcutaneous adiposity, and insulin resistance compared
to patients who only dieted. Cardiorespiratory fitness,
as measured by VOzmax, improved in both arms but to a
greater degree in the combined diet and exercise cohort.
Also, there was a significant correlation between the
volume of exercise (measured by the change in number
of steps) and the degree of reduction of steatosis,
suggesting that greater duration of exercise produces
an appreciable difference in markers of hepatic function.
Thus, diet coupled with exercise has an overall greater
benefit than diet alone in improving body habitus and
markers of inflammation and oxidative stress in NAFLD
patients.

Resistance training and NAFLD: Resistance exercise
may be more feasible for certain subgroups of NAFLD
patients, particularly for those with poor cardiore-
spiratory fitness or those who are overweight and
cannot, due to body habitus, tolerate or participate
in aerobic fitness. Hallsworth et a/*® examined the
effect of resistance training without weight loss on
NAFLD patients with sedentary lifestyles, defined as
less than 60 min of vigorous activity daily. The study
did not include dietary intervention, and the diets of
the participants were unknown. After eight weeks of a
structured exercise program targeting various muscle
groups and with progressive increase in the amount of
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resistance, researchers found that even in those patients
who did not lose weight, the resistance exercise group
had a significant reduction in hepatic steatosis as well as
an improvement in glycemic control and lipid oxidation.
In both the control and resistance groups, BMI remained
relatively stable, and there was no significant change
in ALT or lipids. Thus, in NAFLD, it is possible to achieve
improvement in hepatic steatosis, insulin resistance, and
lipid oxidation without losing weight. Therefore, patients
with functional limitations or poor cardiorespiratory
fitness who may struggle with the demands of aerobic
exercise can still benefit from resistance training.

Zelber-Sagi et al*” sought to investigate the
effect of resistance training on NAFLD in reducing
hepatic steatosis, as measured by ultrasound and the
hepatorenal index, a ratio which compares the echo-
genicity of the liver and kidney to quantify the degree of
hepatic steatosis. This form of exercise was compared to
home stretching exercises™". Patients in the treatment
arm completed a three-month program comprised
of resistance exercises with the goal of progressively
increasing the intensity of resistance. The workouts were
self- monitored and specifically avoided aerobic exercise.
The stretching arm was provided stretching exercises
targeted to eight different muscle groups; stretching
was performed three days per week. There were no
dietary restrictions, and at the start and completion of
the intervention patients provided information regarding
their nutritional intake.

Zelber-Sagi et al®® reported that there was a
significant reduction for the resistance arm in the hepa-
torenal index (11% vs 3.5%), a significantly greater
reduction in hepatic and abdominal adiposity as well as
a decrease in serum ferritin and cholesterol compared
to the stretching group. Thus, not only is resistance
exercise an important adjunct to aerobic exercise in
treating steatosis, but it seems to help mitigate aspects
of the inflammatory environment, which are thought to
contribute to the pathogenesis of cardiovascular disease
and progressive steatohepatitis among NAFLD patients.

Exercise training in NAFLD patients with physical
limitations: Hybrid and acceleration training

There is a subset of NAFLD patients in whom moderate
aerobic or resistance exercise is exceptionally difficult
(the morbidly obese, incapacitated or bedridden, elderly,
or those with other mobility-limiting comorbidities). More
rigorous forms of exercise may also be unsafe for patients
to complete. Hybrid training consists of simultaneous
voluntary muscular contraction and electrical stimulation
of the opposing muscle group. Kawaguchi et a/?
examined the efficacy of hybrid training to improve
the metabolic consequences of NAFLD. In this study,
patients performed both knee flexion and extension
exercises. Hybrid training does not require a patient to be
standing, thus these exercises can be performed while
in bed and could potentially be of benefit to patients with
low mobility. All 35 patients enrolled received 12 wk of
nutritional counseling. Patients in the control group were
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advised to consume less than 25% of total calories from
fat and consume a diet consisting of 25-30 kcal/kg per
ideal body weight. Those in the hybrid group had 24 total
exercise sessions, twice weekly for 12 wk. There was
a significant decrease in body weight, body fat, serum
ALT, hepatic steatosis, and insulin resistance. There was
no effect on serum lipids or basal metabolic rate. Low
intensity exercise, such as hybrid training, offers promise
to NAFLD patients who are debilitated by their illness or
other comorbidities.

Another type of exercise that can be used in relatively
immobile patients is acceleration training. Acceleration
training is a new training method that provides a physical
stimulation effect on skeletal muscles by increasing
gravitational acceleration with vibration. Participants
either hold particular poses or engage in dynamic
movements to activate muscle fibers and increase
muscular endurance and strength. Oh et a/*** studied
the effect of acceleration training on obese patients
with NAFLD who previously struggled with weight loss
in another study. Eighteen obese NAFLD patients who
had completed a 12-wk counseling program for lifestyle
changes without experiencing an improvement in
hepatic enzymes or steatosis were chosen for this study.
The exercise program consisted of acceleration training
and utilized whole body three dimensional vibration on
a special platform. There was no specific diet for this
study; however, patients did receive dietary education as
well as keep a food log for three days. At the end of the
12 wk of training, there was a significant improvement
in anthropometry and intramyocellular lipid content.
Intrahepatic steatosis decreased by 8.7%. Also notable
were the reported improvements in quality of life and
mental health of the patients after the intervention,
which factors positively into motivation and willingness
to make lifestyle changes. While this is a relatively
new form of exercise explored in NAFLD, it may be a
promising alternative to traditional exercise in certain
subpopulations of NAFLD.

Optimal frequency, intensity, and duration of exercise

For those patients who can exercise without limitations,
questions remain over what frequency, intensity, and
duration is sufficient to improve features of NAFLD.
Kistler et al®* performed a retrospective analysis of self-
reported physical activity levels and sought to explore
the association between the histopathology of NAFLD
and the volume and intensity of the reported exercise
regimen. The authors posited that individuals who
met moderate to vigorous exercise recommendations
would have less fibrosis on pathology and have a lower
frequency of NASH. Researchers examined survey
results and correlated these with liver biopsy pathology
of 813 adults with NAFLD enrolled in two trials from
the NASH Clinical Research Network. Patients reported
the volume, type, and intensity level of exercise as
measured by metabolic equivalent values. No dietary
intervention occurred in either of the trials. A large
proportion of these patients did not achieve adequate
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volume or intensity of exercise, with 54% of those
polled reporting inactive lifestyles. Those who reported
vigorous activity (26% of patients) had lower serum
insulin, gamma-glutamy! transferase, and glucose levels.
Additionally, patients fulfilling the minimum requirements
for vigorous activity experienced a significant reduction
in their adjusted odds of having NASH (OR = 0.65,
95%CI: 0.43-0.98, P = 0.04). Those exceeding
minimum requirements had a significantly lower odds of
having advanced fibrosis (OR = 0.56, 95%CI: 0.34-0.90,
P = 0.02). Thus, the intensity of exercise had a greater
role in improving NAFLD than the volume or duration of
intervention.

Oh et al® examined the benefits of varying degrees
of intensity in exercise programs and how the intensity
level impacted the degree of hepatic steatosis. Patients
were divided into three groups: exercise < 150 min/wk,
150-250 min/wk, > 250 min/wk. The patients exercised
for 12 wk total and were instructed to remain on a strict
diet of 1680 kcal daily. A uniaxial accelerometer was
used on patients to measure energy expenditure. At the
study’s completion, all groups experienced a significant
reduction in weight and BMI. Patients exercising > 150
min weekly achieved a reduction in weight of 12.4% as
well as an improvement in hepatic steatosis. Those who
exercised for 250 min or longer per week experienced
an improvement in hepatic steatosis, ferritin, and other
inflammatory markers. Thus, moderate to vigorous
exercise of 250 min weekly provided anti-oxidative and
anti-inflammatory benefits to NAFLD patients.

To explore the optimal duration of exercise, Haus
et al®® investigated the role of short duration (< 7 d)
exercise in affecting hepatic steatosis. Researchers
hypothesized that even short periods of aerobic exercise
could be beneficial in NAFLD by leading to a change in
lipid composition of the liver, reducing pro-inflamma-
tory substances, and improving insulin sensitivity™".
Seventeen obese, non-diabetic NAFLD patients completed
a 7-d course of aerobic exercise comprised of walking
or jogging for 50-60 min daily at 80%-85% maximum
heart rate. H-MRS scans were performed before and
after the intervention. Researchers demonstrated that
there was an increase in polyunsaturated lipid content in
the liver post-exercise. Also, they observed an increase in
serum adiponectin, an anti-inflammatory molecule that
regulates lipid oxidation. The findings of this study are
consistent with known benefits of exercise: improvement
in insulin sensitivity and a reduction in the formation of
damaging reactive oxygen species.

Combination of diet, exercise, and behavioral
modification

Most of the studies reviewed in this paper contain a
wide range of patients within the spectrum of fatty liver
disease, but the most at-risk group for poor outcomes
are those with NASH. Promrat et ai®® recruited patients
with biopsy-proven NASH to determine if achieving a
loss of 7%-10% of body weight through behavioral
modification, exercise, and diet would achieve histologic
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improvement of NASHP?), Researchers randomized

NASH patients to either exercise or a control group
for 48 wk. The control group received education on
lifestyle modification, diet, and exercise. The lifestyle
intervention arm combined behavioral strategies, indivi-
dualized diets, and moderate intensity exercise. The
caloric allotment in the diets was based upon a patient’s
starting weight, and the goal was to achieve a 0.5-1
pound weight loss weekly. Patients chose their own
exercise and were encouraged to walk 10000 steps
daily and achieve 200 min weekly of exercise. On
biopsy, the lifestyle intervention group had a significantly
larger improvement in NAS. Both groups experienced
improvement in ballooning score, and neither group
experienced a change in fibrosis score. Those who lost
greater than or equal to 7% total body weight had
a significant improvement in NAS, hepatic steatosis,
ballooning, and inflammation. The lifestyle intervention
group experienced a significantly larger mean weight
change (-8.7 kg vs -0.5 kg) and percentage weight
reduction than controls at 24 and 48 wk. The fact
that a number of patients (67% vs 20%, P = 0.02),
enrolled in the intervention arm experienced a complete
resolution of NASH on biopsy is important, as these
patients are at high risk of adverse clinical outcomes
if not treated promptly. However, exercise was again
combined withdiet and behavioral modification so the
incremental effect of moderate intensity exercise cannot
be elucidated from this trial.

Effect of physical activity on non-liver outcomes: Insulin
resistance and cardiometabolic disease markers among
NAFLD patients

Because the leading cause of morbidity and mortality
among patients with NAFLD is due to cardiovascular
disease, researchers are interested in understanding
how exercise mitigates the factors present in NAFLD that
predispose to atherosclerosis. An impairment in the body’s
ability to properly regulate microvascular circulation
occurs early in the atherogenic process. Pugh et a/*”
examined how exercise impacts the microvascular
function of cutaneous vessels through measuring the
release of nitric oxide (NO) in NAFLD patients. NO is
an important mediator in vasodilation during exercise,
and it is known that a deficiency of NO contributes to
inflammation and lipid deposition within vessel walls.
To assess patients’ cutaneous blood flow, researchers
placed microdialysis probes into cutaneous vessels.
Doppler probe signals generated then allowed the
researchers to calculate cutaneous vascular conductance.
Fourteen patients with NAFLD were assigned to either
fully-supervised exercise training or conventional group
which received information on lifestyle modification
and encouragement to exercise. The exercise arm
participated in moderate intensity exercise, three times
weekly at 30% of heart rate reserve. The patients
eventually escalated to five sessions per week of 45
min duration. Researchers found that as the patients’
skin heats from exercise, they experienced increasing
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amounts of NO release and vasodilation. This improved
with time as patients progressed in their exercise
routines. These findings suggest that exercise of any sort
may help to reduce the risk of cardiovascular disease by
improving microvascular function throughout the body.

Pugh et al*” then sought to establish a relationship
between NAFLD and endothelial function®*!. Additionally,
researchers also wanted to determine if the amount of
visceral and hepatic fat would correlate with the degree
of endothelial impairment. Endothelial dysfunction is
a prerequisite for the development of atherosclerosis
and subsequent cardiovascular disease*. Endothelial
function was measured by flowmediated dilation
(FMD) of the brachial artery in 21 patients with NAFLD.
Thirteen patients participated in moderate intensity
exercise, consisting of supervised and individualized
programs. At initiation, patients exercised for 30 min
weekly three times per week at 30% of heart rate
reserve and then progressed to 45 min sessions five
times weekly. There was no specific diet that patients
followed. The control group received teaching sessions
on exercise and healthy eating, and these patients
were permitted to exercise if they wanted. There was
a significant improvement in FMD among the exercise
group (3.6%, 95%CI: 1.6-5.7, P = 0.002). Visceral
and hepatic fat did not necessarily influence the degree
of FMD. Thus, moderate intensity exercise can improve
the endothelial function of conduit arteries regardless of
improvement in hepatic or visceral adiposity.

Exercise regimens have also been rigorously evalua-
ted in diabetic patients with NAFLD. In the literature,
there is a similar dilemma regarding exercise and
diabetic patients, as it is unclear which form of exercise
provides the most benefit for glycemic control and
improving cardiovascular fitness!**, Bacchi et a/**
examined how a combination of aerobic and resistance
exercise impacts insulin sensitivity and adiposity of
the liver, viscera, and midsection in patients with both
diabetes and NAFLD. This randomized control trial was
derived from a trial which that compared the metabolic
effects of supervised resistance vs aerobic exercise for
type 2 diabetics with sedentary lifestyles. The aerobic
arm participated in 60-min sessions on various cardio
machines, exercising at a goal of 60%-65% of their
heart rate reserve. The resistance arm participated in
weight lifting exercises with 3 series of 10 repetitions.
Both groups exercised thrice weekly for four months
and maintained their old diets. There was a significant
reduction in hepatic adiposity in both groups, and nearly
25% of patients in both groups no longer had hepatic
steatosis at the end of the trial. Insulin sensitivity,
glycosylated hemoglobin, and high density lipoprotein
serum levels were reduced similarly in both groups,
as was abdominal and visceral adiposity. Thus, among
diabetics with NAFLD, resistance and aerobic exercise
both result in a reduction in hepatic steatosis and one
form of exercise is not superior to another.

The benefit of exercise in NAFLD patients is undeni-
able and extends well beyond the liver by improving
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metabolic derangements such as insulin resistance and
atherosclerotic disease and facilitating the development
of cardiorespiratory fitness, among others. Since
Keating’s comprehensive systematic review in 2012
on the effects of exercise on NAFLD, more data has
surfaced in support of exercise and lifestyle behavior
modification, and recent studies have attempted to
explore and define the potential benefits of exercise on
both the liver and cardiovascular system!**!. However,
the ability of researchers to definitively suggest specific
interventions for the treatment of NAFLD is limited by
numerous factors. It is still unclear exactly which form
of exercise is superior, how long the exercise sessions
should be, or if weight loss is required in the treatment
of the disease. Studies which examine these questions
are limited by the small number of patients studied. Very
few studies examine a single intervention in isolation, as
it is difficult to control for diet or exercise alone.

Additionally, it is challenging to determine exactly
what aspect of an intervention led to the improvement
in hepatic steatosis or metabolic derangements. Resear-
chers, for the most part, rely on imaging or serology
to determine the effects of their interventions, but
these modalities are imperfect in evaluating the change
or degree of steatosis. Biopsy, the gold standard in
diagnosing NASH, is also difficult to obtain due to cost
as well as health risks to the patient. Perhaps more
studies should be performed in the population of living
liver donors, since these patients require biopsy for
donor evaluation, and the benefits of biopsy for both
the future recipient and the donor likely outweigh the
risks of biopsy. Many unknowns remain, and hopefully
more research within this field will help in the creation of
more evidence-based guidelines for physical activity as a
treatment of NAFLD.

From the studies selected for this review, it seems
that recommending moderate intensity exercise, which
incorporates both aerobic and resistance components,
is reasonable to treat NAFLD in able-bodied patients.
While not discussed in depth in this review, encouraging
healthy eating may offer additional health benefits for
these patients. However, there undoubtedly is wide
variation on the degree of functional mobility and ability
for these patients to adhere to such a treatment plan.
Physicians should also consider aspects which may limit
a person’s ability to participate in lifestyle modification
such as motivation, access to gym facilities and healthy
food, and physical limitations. Studies of diabetic
patients indicate that as the level of intensity of an
exercise program increases, motivation and adherence
diminish™®, As the rates of obesity and morbid obesity
continue to rise, a larger proportion of the NAFLD
patient population will present challenges for treatment
to physicians throughout the country. Acceleration and
hybrid training, along with other low impact exercises
may provide modest benefit for those patients limited
by their body habitus or their poor cardiorespiratory
fitness. Tackling this growing epidemic will likely require
a strong multidisciplinary approach, combining physical
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activity, nutrition, and behavioral modification to develop
a solution for this diverse patient population.

COMMENTS

Background

Nonalcoholic fatty liver disease (NAFLD) is becoming more prevalent
throughout the world and increasingly problematic in terms of costs to the
healthcare system and individual. While NAFLD carries with it the risk of
progression to worsening hepatic steatosis and cirrhosis, the presence of
NAFLD, a disease highly associated with the metabolic syndrome, also
increases the risk of cardiovascular morbidity and mortality. The first line
treatment for NAFLD incorporates both dietary modifications and exercise.
However, there is a paucity of high-powered studies and substantial evidence
to support this treatment as well as to prove the impact of this treatment on
both the metabolic and cardiovascular derangements seen in NAFLD. The goal
of this review is to examine the available evidence for exercise in NAFLD from
2010-2015 and to determine the efficacy of exercise to treat NAFLD and its
concurrent disease states. The secondary aim of this review was to determine
if any form of exercise or particular length or duration of exercise was more
efficacious in treating this disease state and improving factors such as insulin
sensitivity, hepatic steatosis, and visceral adiposity.

Research frontiers

Numerous studies examine the effect of employing either resistance or aerobic
exercise in the treatment of NAFLD. Researchers proposed modest exercise
routines which can reasonably be completed by a substantial proportion of the
NAFLD population. However, these programs may be difficult for patients with
morbid obesity, advanced age, and other severe physical limitations. Newer
studies have examined the benefit of low impact exercise, such as acceleration
and hybrid training, in the treatment of NAFLD. While the results are modest,
programs such as these may be employed to allow physically limited patients
to achieve improvements in functional mobility as well as improvements in
cardiovascular and metabolic health.

Innovations and breakthroughs

Both resistance and cardiovascular exercise regimens have been shown to
demonstrate benefit in treating NAFLD. Newer forms of exercise, such as
acceleration training and hybrid training, seem promising as well. Additionally,
decreasing one’s sedentary time through increased physical activity even if the
activity is low intensity may have health benefits for this patient population.

Applications

The studies reviewed support the benefits of lifestyle intervention on NAFLD
and its resultant cardiovascular and metabolic disease. It is reasonable to
recommend moderate intensity exercise which comprises of both aerobic and
resistance exercise for patients.

Terminology

NAFLD incorporates a range of disease from simple hepatic steatosis no
nonalcoholic steatohepatitis. NAFLD is closely associated with the metabolic
syndrome, and recent research has identified a strong association with
cardiovascular disease, which represents the largest cause of mortality for
patients with NAFLD.

Peer-review

In this invited manuscript, the authors aimed to conduct a systematic review
evaluating published literature to assess the efficacy of exercise as a treatment
for NAFLD and its effect on insulin resistance, dyslipidemia and amount
of visceral adiposity. It seems to the authors a good manuscript, correctly
developed with a suitable order, creates an awareness on the subject.
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