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Abstract

Currently, a major clinical challenge in the management
of the increasing number of hepatitis C virus (HCV)
infected patients is determining the best means for
evaluating liver impairment. Prognosis and treatment
of chronic hepatitis C (CHC) are partly dependent on
the assessment of histological activity, namely cell
necrosis and inflammation, and the degree of liver
fibrosis. These parameters can be provided by liver
biopsy; however, in addition to the risks related to an
invasive procedure, liver biopsy has been associated
with sampling error mostly due to suboptimal biopsy
size. To avoid these pitfalls, several markers have
been proposed as non-invasive alternatives for the
diagnosis of liver damage. Distinct approaches among
the currently available non-invasive methods are (1)
the physical ones based on imaging techniques; and (2)
the biological ones based on serum biomarkers. In this
review, we discuss these approaches with special focus
on currently available non-invasive serum markers. We
will discuss: (1) class I serum biomarkers individually
and as combined panels, particularly those that mirror
the metabolism of liver extracellular matrix turnover
and/or fibrogenic cell changes; (2) class II biomarkers
that are indirect serum markers and are based on the
evaluation of common functional alterations in the liver;
and (3) biomarkers of liver cell death, since hepatocyte
apoptosis plays a significant role in the pathogenesis of
HCV infection. We highlight in this review the evidence
behind the use of these markers and assess the
diagnostic accuracy as well as advantages, limitations,
and application in clinical practice of each test for
predicting liver damage in CHC.
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Core tip: Liver biopsy represents the gold standard
for evaluating liver damage, but identification of
non-invasive serum markers that mirror liver injury
progression is the actual goal in both adults and
children. Over the last few years, several non-invasive
markers have been proposed, especially for liver fibrosis
diagnosis. In this review, we discuss the role of serum
biomarkers for predicting liver impairment in chronic
hepatitis C patients.
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INTRODUCTION

Hepatitis related to hepatitis C virus (HCV) infection is
a progressive disease that may result in chronic active
hepatitis, cirrhosis, and hepatocellular carcinoma. It
is estimated that about 160 million individuals, i.e.,
2.35% of the world population, are chronically infected
with HCV!*3, The virus represents a major global
health problem, since there is no available vaccine;
and although there are recently approved direct-acting
antiviral agents (DAA) available as well as more drugs
in development, response to the current standards of
care therapy (pegylated interferon-o. and ribavirin) is
limited. Furthermore, liver failure as a consequence of
HCV infection is one of the most common reasons for
liver transplantation™,

The mechanisms leading to liver injury are under
constant revision, but it is widely accepted that
both immune system-mediated reactions and viral
cytopathic effects are involved in the pathogenesis™.
A major clinical challenge in the management of the
increasing number of chronic hepatitis (CHC) infected
patients is achieving the best means for evaluating liver
impairment. The assessment of histological activity,
namely cell necrosis and inflammation and the degree
of liver fibrosis, have to date been provided by liver
biopsy™®* (Table 1). The evaluation of the histological
damage is considered crucial in the management of
patients with CHC, because it provides prognostic
information and, in many cases, assists in therapeutic
decisions. While the evaluation of fibrosis is a major
decision criterion for hepatologists, fibrosis is only one
of the many histopathological features present on liver
biopsy. In effect, fibrosis is not an independent trait,
since scar tissue also results from other pathobiological
mechanisms, such as inflammatory, degenerative, and
dystrophical processes. The simultaneous evaluation
of necroinflammation shows whether fibrosis is the
result of a past event that has been stabilized or even
regressed or is an ongoing process that may continue
to worsen. Moreover, associated lesions, such as
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steatosis, steatohepatitis, iron overload, etc., which
provide useful information for patient management
and prognosis, can also frequently be detected within
a biopsy™!. Although the biopsy represents the gold
standard for evaluating presence, type, and stage of
liver fibrosis and for characterizing necroinflammation
(portal tract inflammation, interface hepatitis, lobular
inflammation); it remains a costly and invasive pro-
cedure with inherent risks. Minor complications are
relative common, and about one fourth of patients
have pain in the right upper quadrant or right shoulder
after liver biopsy. The risk of severe complications
is very low (1/4000-10000) and include significant
bleeding rates, perforation of other organs, and
death. Thus, it cannot be performed frequently for
monitoring therapeutic outcomes!®*!. Moreover,
biopsy is considered risky in children since it carries a
higher chance for the development of complications,
consequently it is less accepted than adults. In
addition to the risks related to an invasive procedure,
liver biopsy has been associated with sampling
error, mostly due to suboptimal biopsy size™***. The
sampling error constitutes a recognized drawback
because the needle liver biopsy, regardless of the
length or width of the core, is only a finite portion
of a very large organ with potential variability in the
expression of disease. Pathologists would certainly
prefer larger samples to review, but comparative data
now indicate that a non-fragmented specimen of at
least 20 mm in length that includes at least 11 portal
tracts would be a reliable specimen for disease grading
and staging!®’. On the other hand, a fairly extensive
literature concerning problems inherent in histological
grading and staging systems has emerged. Histological
features (necroinflammation = grading; fibrosis =
staging) should be reported using a structured, semi-
quantitative method. Various scoring systems have
been validated to evaluate liver damage in CHC. The
most widely used scoring systems are METAVIR,
Scheuer, Ishak, and Knodell’s hepatic activity index
(HAI)"**1, METAVIR and Scheuer’s scores are more
reproducible and less prone to observer variation
but have less distinction capability both for fibrosis
and necroinflammation than Ishak and Knodell’s
HAI'*®, A further pitfall of biopsy examination is the
interpreter, since there is a significant degree of inter-/
intra-observer variability in the pathologic assessment
of liver samples. The practical knowledge and
experience of the pathologist could greatly influence
the interpretation of the diagnosis by improving
consistency and accuracy and minimizing problems
related to sample size!*’. Consequently, evaluation of
liver damage by means of a biopsy will always carry a
risk, albeit low, of misclassification, thus making the
term “best” standard more appropriate than “gold”
standard for liver biopsy. Therefore, developing non-
invasive tests that can accurately predict initial disease
stage and progression over time represents a high
priority and growing medical need®*!, Currently,
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Table 1 Advantages and disadvantages of liver biopsy

Liver biopsy

“Gold” standard for evaluating liver damage

Provides prognostic information and assists in therapeutic decisions
Invasive procedure with inherent risks

Cannot be applied to monitor therapeutic outcomes

Sampling error mostly due to suboptimal biopsy size
Inter-/intra-observer variability

Costly

Less accepted in children than in adults

there are several non-invasive diagnostic methods for
determining liver damage that are being validated,
such as blood markers and imaging methods®?!. Over
the last few years, several non-invasive markers
were proposed, especially for liver fibrosis diagnosis.
Besides the clear advantage of being non-invasive,
a more objective interpretation of test results may
overcome the mentioned intra- and inter-observer
variability of liver biopsy. In addition, these tests can
theoretically offer a more accurate view of fibrogenic
events occurring in the entire liver, with the advantage
of providing frequent fibrosis evaluation without
additional risk. However, in general, these tests show
low accuracy to discriminate among intermediate
stages of fibrosis and may be influenced by several
hepatic and extrahepatic conditions®*..

NON-INVASIVE METHODS FOR THE
ASSESSMENT OF LIVER DAMAGE

There are two distinct approaches among the currently
available non-invasive methods: (1) the physical ones
based on imaging techniques; and (2) the biological
ones based on serum biomarkers®" (Figure 1). Although
complementary, these two approaches are based on
different rationales and conceptions.

The physical approach

Ultrasonography, doppler analysis, magnetic resonance
imaging (MRI), computed tomography, transient
elastography (TE), real time elastography, and acoustic
radiation force impulse imaging are examples of
imaging/scanning techniques. Of these, however,
TE seems to be the most appropriate because it
is fast, reproducible and not operator dependent.
More specifically, TE measures liver stiffness in
relation to elasticity, corresponding to a genuine and
intrinsic physical property of the liver parenchyma.
Several studies have shown a significant correlation
between TE and fibrosis stage, as assessed by the
METAVIR scoring system™™ ), TE is a good predictor
for severe fibrosis and is highly accuracy in the
identification of liver cirrhosis [the area under the
operating characteristic curves (AUROC) was = 0.90
in all reported studies]™; however, a meta-analysis
study indicated that TE examination alone does not
provide sufficient information to diagnose significant
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fibrosis (F < 2) and is unable to discriminate between
intermediate stages of fibrosis™®?. Even though
the TE examination per se is straight forward, the
results must be interpreted by an expert clinician,
knowledgeable about the clinical background of the
patient and the conditions that can influence liver
stiffness measurement. Risk factors for failure of
liver stiffness measurement include obesity, narrow
intercostal space, and ascites!®®. Since the liver
is an organ wrapped in an expandable but non-
elastic envelope (Glisson’s capsula), additional space-
occupying tissue abnormalities independent of fibrosis,
such as edema and inflammation, cholestasis and
congestion, may interfere with TE. Acute viral hepatitis
increases liver stiffness, so it may be a condition
that can lead to a false positive on TEP**!, Thus, the
necroinflammatory status needs to be taken into
consideration, particularly in patients with absent or
low-stage liver fibrosis. In patients with extra-hepatic
cholestasis, liver stiffness significantly correlates with
bilirubin levels and may lead to false positivity of TE
measurement!***?,

The biological approach

The tremendous strides made in biomedicine and
biotechnology during the last decade have led to
novel, rapid, and non-invasive methods that challenge
longstanding “gold standard” invasive diagnostic and
therapeutic procedures. Any non-invasive method
should ideally fulfill certain characteristics: it should
be simple, accessible, easily interpretable, highly
accurate, liver-specific, and satisfactorily validated?®’.
Despite the aforementioned limitations of liver biopsy,
there has been a clear resistance to accept non-
invasive diagnosis of liver fibrosis as a viable and
preferable alternative to liver biopsy. The reasons
are various: (1) there is a paucity of well-designed
studies assessing non-invasive methods, and sufficient
external validation for some of the proposed methods
is lacking; (2) the number of proposed methods to
assess disease severity remains in a state of constant
growth, and there is practically no time to validate or
test them all; (3) specific etiology-validation of the
non-invasive methods should be provided considering
that each etiology of chronic liver disease presents
with specific pathogenesis, natural history, and
associated comorbidities; (4) a careful evaluation of
the risk factors for error and failure of a non-invasive
tool should be carried out for adequate interpretation
in clinical practice; and (5) liver biopsy itself is not
an ideal gold standard to compare serum markers.
Finally, and not least important, there is still significant
opposition to changing what has long stood as dogma.
The aforementioned reasons may explain why the
introduction of non-invasive methods in clinical
practice is making such slow headway in the field of
hepatology. An exception to this rule is France, where
three well-validated methods (FibroTest, Fibrometer,
and FibroScan) have been approved by the public
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Liver damage evaluation methods

‘ Liver Biopsy ‘ ‘ Physical approach

Biological approach ‘

“The gold standard” Imaging/scanning technique
Ultrasonography

Doppler Analysis

Magnetic Resonance Imaging

Computed Tomography

Transient elastography

Real Time Elastography

Acoustic Radiation Force Impulse Imaging

Direct serum markers (class 1 biomarkers)

Combined panels
FIBROSpect I

Single markers
Hyaluronic acid

Procollagen type Il amino-terminal peptide  Fibrometer

Type IV collagen Hepascore

Laminins Original European Liver Fibrosis and ELF
Matrix metalloproteinases SHASTA Index

Tissue inhibitors of metalloproteinases
YKL-40
TGF-b1l

Indirect serum markers (class I biomarkers)

AAR

APRI

PGA

PGAA

FIB-4

Forns index
FibroTest/ActiTest

Biomarkers of liver cell death
Soluble fraction of cytokeratin-18

Soluble Fas receptor
Tumor necrosis factor-alpha

Simultaneous or sequential combined algorithms

Sequential Algorithm for Fibrosis Evaluation [SAFE]
Bordeaux algorithm

Bourliere algorithm

Leroy algorithm

Forns index + FibroTest + APRI

TE + FibroTest

TE + Fibrometer

Figure 1 Non-invasive methods for liver damage assessment.

health system and are routinely used in clinical
practice™ . Serum markers offer an attractive, cost
effective alternative to liver biopsy for both patients
and clinicians with a lot of advantages (substantially
less invasive, practically no complications, little or no
sampling errors, small observer related variability, and
measurements may be performed repeatedly in any
laboratory without sophisticated equipment, allowing
for dynamic monitoring of fibrosis) and little limitation
(low accuracy to discriminate between intermediate
stages of fibrosis and the influence of several extra-
hepatic factors). Although no single ideal marker
exists, several markers have been proposed as useful
indicators of liver damage. The most commonly used
markers are discussed below.

DIRECT SERUM MARKERS
(CLASS I BIOMARKERS)

More recently, a better understanding of the path-
ophysiology of liver fibrosis has prompted many
investigators to use more refined markers to identify
different fibrosis stages. Class I biomarkers are those
that mirror the metabolism of liver extracellular matrix
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(ECM) turnover and/or fibrogenic cell changes and can
be utilized to assess the dynamics of liver fibrogenesis.
The potential clinical usefulness of these markers is
extremely interesting as they could be used not only
to stage liver fibrosis but also to assess the rate and
progression of liver fibrogenesis. This assessment, in
turn, is translated into effective prognostic information
and into a tool for evaluating the response and for
monitoring the efficacy of antifibrotic drugs. However,
the data available on their performance in defining
the stage of liver fibrosis is variable. Moreover, they
may not be routinely provided in every hospital
setting, limiting their clinical use®¥. These markers
include several glycoproteins (hyaluronan, laminin,
etc.), members of the collagen family (procollagen I,
type IV collagen, and type IV collagen 7s domain),
collagenases and their inhibitors (metalloproteinases
and tissue inhibitors of metalloproteinases), and a
number of cytokines involved in the fibrogenic process
(in particular transforming growth factor (TGF)-p1).
These have been analyzed individually as well as in
combination to assess severity and progression of
hepatic fibrosis and to follow up changes related to
viral treatment?®**?,

Hyaluronic acid (HA) is the most studied direct
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serum marker. It is a glucosaminoglycan that is syn-
thesized and distributed throughout the extracellular
space by hepatic stellate cells (HSCs). HA is degraded
by hepatic sinusoidal endothelial cells'**. Elevated
serum HA levels have been associated with decreased
hepatic removal of HA in the development of hepatic
sinusoid capillarization, increased production of HA
in the damaged liver, and increased extrahepatic
production of HA during inflammation™***, HA
levels correlate with liver fibrosis and are particularly
increased in cirrhosis in both patients mono-
infected with HCV and co-infected with HCV/human
immunodeficiency virus (HIV)P****1, Moreover, HA
serum levels have been strongly associated with
advanced stages of liver fibrosis, with AUROC for
significant fibrosis ranging from 0.73 to 0.86 and
for advanced fibrosis from 0.92 to 0.97!%%39%24647],
Furthermore, a cross-sectional study on 201 HCV/
HIV co-infected patients revealed that the diagnostic
accuracy of serum HA is better than other non-
invasive indices like fibrosis-4 (FIB-4), aspartate
aminotransferase (AST) platelet ratio index (APRI),
and Forns™*”). Although data suggest that HA alone is
clinically useful for predicting severe fibrosis, it has
been demonstrated that the best results could be
obtained when it is combined with other markers of
liver fibrosis™".,

In the healthy human liver, the most abundant
collagens are the fibril-forming types I and 1. In its
mature form, collagen is integrated into the ECM.
Particularly, procollagen type I amino-terminal
peptide (PIINP) is a major constituent of the
connective tissue. During fibrogenesis, the ratio of the
type I /Il changes from 1:1 in the healthy liver to 1:2
in the cirrhotic liver®®. The relative concentration of P
IINP in the basement membrane is higher in hepatic
fibrogenesis and is closely followed by an increase in
its serum level™. In acute hepatitis, the serum level
of PIINP correlates with aminotransferase levels,
whereas in chronic liver disease serum PIINP reflects
the stage of liver fibrosis™”, although the diagnostic
value of PTINP shows discordant results. Leroy et aft**
described that the diagnostic accuracy of PIINP was
better than that of HA, but the capability to distinguish
FO/F1/F2 from F3/F4 was minimal, and the staging
power of both markers was very similar (AUROC 0.88
for PIINP and 0.81 for HA). Likewise, Zheng et a/*!!
reported that PIINP showed better accuracy than
HA for the assessment of liver fibrosis, showing an
AUROC of 0.80 and 0.72, respectively. In contrast,
other authors described that the diagnostic value of P
IINP seem to be lower than other markers, such as
type IV collagen or HA®***3, Unfortunately, PTINP is
not specific for liver fibrosis, since it is also elevated
in acromegaly, lung fibrosis, chronic pancreatitis, and
rheumatologic disease®. On the other hand, type IV
collagen was also studied as a possible serum marker
for the diagnosis of advanced fibrosis. However, the
diagnostic value of type IV collagen assessment seems
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to be inferior to that of HA®**%>,

Laminin is a major non-collagenous glycoprotein
synthesized by the HSC, which is deposited in the
basement membrane of the liver. During fibrosis,
laminin accumulates around the vessels, in the
perisinusoidal spaces, and near the portal tract!®.
Elevated levels of laminin and pepsin resistant laminin
(laminin P1) were found to correlate with the degree of
perisinusoidal fibrosis™; however, the diagnostic value
of laminin proved to be not as high as those of HA and
type IV collagen®™®,

It is well known that liver fibrosis is characterized
by pathological accumulation of ECM, resulting
from alterations of synthesis and/or degradation of
matrix proteins. Matrix metalloproteinases (MMPs)
constitute a family of zinc endopeptidases capable of
degrading collagens. They play an important role in
the physiologic processes of tissue remodeling, wound
healing, and in several pathological states, including
liver fibrosis®”). As the activity of MMPs is regulated
by specific tissue inhibitors of metalloproteinases
(TIMPs), the imbalance between MMPs and TIMPs
is thought to be an important determinant of ECM
deposition and breakdown!®****?, MMP-2 and tissue
inhibitors of MMP-1 and -2 (TIMP-1 and -2) have some
diagnostic potential for the detection of liver fibrosis in
CHC patients**®”, TIMP-1 especially was thoroughly
studied as a serum marker of liver damage; however,
conflicting results were reported. Many authors found
a link between TIMP-1 levels and fibrosis stage in
adults®®, while others did not'***®, Nevertheless,
the best results were obtained when TIMP-1 was
combined or included in an algorithm together with
other markers of liver fibrosis!***®,

YKL-40 (chondrex) is a mammalian homologue
of the bacterial chitinases involved in remodeling or
degradation of the ECM™®®, In liver diseases, serum
levels of YKL-40 correlate with fibrosis severity™®. A
study including 109 CHC patients showed a discrete
performance for significant liver fibrosis (AUROC 0.81,
specificity of 81% and sensitivity of 78%); and its
accuracy for the prediction of liver cirrhosis was even
lower (AUROC 0.80)1,

During the development of liver fibrosis, multiple
cytokines activate HSCs and transform them into
myofibroblasts with new phenotypic properties, such
as collagen synthesis and cytokine activation. TGF-p1
is one of the multifunctional cytokines related to the
production and degradation of ECM and the apoptosis
of hepatic cells™. However, the relationship between
TGF-B1, a pro-fibrogenic cytokine, and hepatic fibrosis
is not well established. Nelson et a/®" stated that
fibrogenesis is a long process and that the level of
fibrosis was a summation of all the effects in the past;
therefore, active TGF-B1 at a certain time point might
not correlate with the fibrosis score. In a recent study,
we described that serum TGF-B1 levels in CHC adult
patients displayed an inverse relationship with fibrosis
stage, where lower TGF-B1 values corresponded
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[42]

to more severe fibrosis stages (AUROC 0.835)
Moreover, the lowest levels of TGF-B1 were detected in
serum samples from adult cirrhotic patients. Then, in
accordance with other authors, lower levels of TGF-31
might indicate advanced liver fibrosis, suggesting
that this marker may reflect fibrogenesis rather than
fibrosis!®>°®,

Direct markers have also been proposed as combined
panels for increasing the diagnostic performance of a
single parameter.

The FIBROSpect II test uses a combination of
several components of the fibrogenic cascade, such
as HA, TIMP-1, and a2-macroglobulin, to calculate a
composite score. The test is intended to differentiate
mild fibrosis (METAVIR stages FO to F1) from more
severe disease (METAVIR stages F2 to F4) and has
been shown to do well in CHC cohorts®®”. FIBROSpect
II showed an AUROC of 0.82-0.87 for significant
fibrosis!®” %%,

Fibrometer® is a patented test combining age,
platelets, HA, AST, prothrombin index, urea, and a2-
macroglobulin. In CHC patients, AUROC values were
reported to be between 0.85-0.89 for significant liver
fibrosis and 0.91 for liver cirrhosis”*”?, In addition, direct
comparisons showed that the Fibrometer® performed
better than APRI and the FibroTest® in detecting both
significant fibrosis and cirrhosis’”>”*.

Hepascore® is another patented test that combines age,
gender, HA, bilirubin, gamma glutamyl-transpeptidase
(yGT), and a2-marcoglobulin. An interesting advantage
of Hepascore® is that it can be totally automated
using a single analyzer and only one serum sample’?.,
In CHC patients, AUROC values of Hepascore®
were 0.79-0.85 for diagnosis of significant fibrosis
and 0.89-0.94 for diagnosis of cirrhosis, indicating an
excellent performance™*7%7"1,

The Original European Liver Fibrosis (OELF) panel
proposed by the European liver fibrosis study group
includes HA, TIMP-1, PIIINP, and age. OELF was shown
to be specific and sensitive in the evaluation of liver
fibrosis in chronic liver disease of different etiology™*.
The European Liver Fibrosis (ELF) panel is a simplified
version of the OELF that excludes the age variable®®.
ELF showed an AUROC range for significant fibrosis
of 0.77-0.87 in the CHC patient and an AUROC of
0.82-0.90 for cirrhosis®"*7%,

The SHASTA Index, which consists of HA, AST, and
albumin, was evaluated in a cohort of 95 patients with
HIV/HCV co-infection”. This index showed an AUROC
for significant fibrosis of 0.88, and this performance
was significantly better than the APRI test in this HIV/
HCV cohort™.

INDIRECT SERUM MARKERS (CLASS 1II
BIOMARKERS)

The first approach used to assess the degree of liver
fibrosis by non-invasive means consisted of routine
biochemical and/or hematological tests. These
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so-called class II biomarkers are indirect serum
markers and are based on the evaluation of common
functional alterations in the liver, alterations that do
not necessarily reflect ECM turnover and/or fibrogenic
cell changes. These indirect markers are based
mainly on a single or an algorithmic elaboration of
commonly observed alterations in liver function (e.g.,
platelet count, AST, and total cholesterol). In general,
assessment through indirect markers is, therefore,
easy to obtain as it is based on laboratory tests
already available in hospital general laboratories. The
best known tests based on indirect markers include:
AAR index (AST/alanine aminotransferase (ALT)
ratio), APRI index (AST/platelet ratio)®, the PGA
(prothrombin index, y-glutamyl-transpeptidase-GGT-,
and apolipoprotein)®", the PGAA (same as PGA plus
a2-macroglobulin)®, FIB-4 score (which combines
platelet count, ALT, AST, and age), Forns index (age,
platelet count, yGT, cholesterol)®®”, and FibroTest (a2-
macroglobulin, haptoglobin, yGT, apolipoprotein Al,
and bilirubin)®*®,

Concerning AAR, although some studies have found
promising results, its performance as a non-invasive
marker of fibrosis is generally low, especially for the
diagnosis of less advanced stages of fibrosis®®"),
An AAR increase over 0.8 reflects a progressive liver
functional impairment, while a ratio = 1 is indicative
of cirrhosis™®®, The diagnostic accuracy of ARR for
distinguishing between cirrhotic patients and non-
cirrhotic ones in different studies is variable, with an
AUROC of 0.51-0.83"%, Moreover, the AAR had low
performance for detecting significant fibrosis (AUROC
of 0.661) as compared to other simpler models, such
as APRI (AUROC 0.793) and FIB-4 (AUROC 0.811)™,

The APRI is a useful tool to discern or exclude
significant liver fibrosis (cut off 0.5-1.5) and liver
cirrhosis (cut off 1-2). However, in a substantial
number of patients (30%-50%), APRI values are
within an intermediate area, and classification is
unreliable. Nonetheless, to date, APRI remains one
of the most validated non-invasive biomarkers for
liver fibrosis, and it is among the most referenced
by guidelines™. In the first study in which APRI
was proposed, a high precision for the prediction
of significant fibrosis (AUROC 0.88) and cirrhosis
(AUROC 0.94) was demonstrated®. Subsequent
studies indicated, however, an irregular performance
with AUROC for significant fibrosis ranging between
0.69-0.88 and for cirrhosis between 0.61-0.947%%,
This variability could be partially explained by the
different cutoff values chosen in each study and by
the population heterogeneity. A recent meta-analysis
of 40 studies, which included 8739 patients with CHC,
concluded that APRI can be used in clinical practice
for the confirmation of severe fibrosis/cirrhosis when
other clinical signs and examination are non-decisive
(AUROC for the diagnosis of significant fibrosis, severe
fibrosis, and cirrhosis were 0.77, 0.80, and 0.83,
respectively)®®. In this meta-analysis, the best cutoff
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for diagnosing significant fibrosis was 0.7 while for the
detection of cirrhosis it was 1.0. Since it is cheap and
simple, it should be considered a reference test against
which other non-invasive methods are compared.
Therefore, APRI is still the first choice for CHC patients
to identify fibrosis in regions with limited healthcare
resources. A major advantage of APRI is that it was
validated in special populations, such as individuals
with HIV/HCV co-infection®®Y, in whom the overall
performance seems to be lower than HCV mono-
infected individuals™*®%,

The PGA and PGAA index are very interesting
since they implicate both inflammation and fibrosis in
chronic liver diseases; however, their overall accuracy
is relatively low to other indices™.

The Forns index can be used to differentiate
patients with mild (FO-F1) fibrosis from those with
severe (F2-F4) fibrosis, but it shows less accuracy
for distinguishing patients with stage F2 versus F4.
However, several studies revealed a wide dispersion
in the diagnostic performance of the Forns index
for the detection of significant fibrosis (AUROC
0.76-0.79)"*%#] The major limitation of the Forns
index is that it does not offer conclusive information
regarding cirrhosis, while it leaves a high number of
cases unclassified”®.

The FIB-4 was originally developed for HIV/HCV co-
infected patients, with cutoff values of 1.45 or 3.25 to
rule-out or rule-in significant fibrosis, respectively®.
This model was subsequently validated by Vallet-
Pichard et a/®*" in a large cohort of HCV mono-infected
patients. The FIB-4 index correctly identified patients
with severe fibrosis (F3-F4) and cirrhosis with an
AUROC of 0.85 and 0.91, respectively. A FIB-4 index
< 1.45 had a negative predictive value of 94.7% to
exclude severe fibrosis and a sensitivity of 74.3%. A
FIB-4 index higher than 3.25 had a positive predictive
value of 82.1% for the confirmation of significant
fibrosis (F3-F4), with a specificity of 98.2%. Since the
FIB-4 index is simple and inexpensive, it has been
validated in a number of studies with a variable degree
of accuracy in HCV infected subjects®*"), Amorim
et al®® compared FIB-4 and APRI and found similar
AUROCs for both models (0.81 vs 0.79, respectively),
but the proportion of biopsies that could have been
correctly avoided was substantially higher with FIB-4
than with APRI (63% vs 47%), suggesting that FIB-4
is probably a more useful tool for incorporation into
daily practice™®.

The FibroTest/FibroSure (identical tests but diffe-
rent names in Europe and America, respectively)
and ActiTest are for the assessments of fibrosis and
necroinflammatory activity. Their score is computed
by accessing a proprietary website and entering the
patient’s data (age, sex, haptoglobin, a.2-macroglobulin,
apolipoprotein A1, GGT, and bilirubin) and can only be
performed in validated laboratories® %", It generates
a score that is correlated with the degree of liver
damage in people with a variety of liver diseases. This
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test showed an AUROC range of 0.74-0.89 for the
diagnosis of significant fibrosis and an AUROC range of
0.82-0.92 for cirrhosis'!. Among the patented panels
combining parameters for diagnosis of liver fibrosis,
FibroTest/Fibrosure is the most validated; however,
it is important to note that risk factors leading to
errors of this test include elevated bilirubin levels
unrelated to fibrosis (for example due to cholestasis or
Gilbert syndromes), reduction of haptoglobin related
to hemolysis, and elevation of haptoglobin and a2-
macroglobulin due to non-hepatic inflammation®”’,

In contrast to the numerous liver fibrosis biomarkers,
only a few biomarkers of necroinflammatory histological
activity have been published. ActiTest is a biomarker of
liver necroinflammatory histological activity that was
initially validated in patients with CHC®*** and then
in patients with chronic hepatitis B (HBV)™. ActiTest
is widely used in association with FibroTest as a non-
invasive alternative to liver biopsy°?. It combines
ALT and the five components of FibroTest. Poynard et
al** assessed the accuracy of ActiTest in comparison
with ALT in a meta-analysis of six studies including
2017 patients and described that the accuracy of
ActiTest for grading the necroinflammatory activity
of patients with CHC is significantly higher than ALT
serum activity alone. The overall accuracy of ActiTest
for the diagnosis of any activity grade ranged between
0.79-0.74. Notably, the non-invasive assessment
of necroinflammatory grade combined with fibrosis
stage is still crucial for at least three reasons: (1) for
treatment prescription, which could be discussed in
patients without advanced fibrosis but with moderate
or severe necroinflammatory activity! and for
maintenance therapy in patients with cirrhosis in order
to reduce necrosis and inflammation!'®*'*: (2) for the
risk of false positives induced by necroinflammatory
activity on fibrosis biomarkers® and on liver stiffness
measurements by fibroscan™**'°”’; and (3) for the risk
of over interpretation of fibrosis improvement after
antiviral treatment if the impact on necroinflammatory
activity is not taken into account™®*%J,

In addition to the combined panels that include
different markers, many authors have proposed
improving the accuracy of non-invasive methods for
the correct diagnosis of liver damage in CHC using
serum-based algorithms as a simultaneous or a
sequential procedure. The use of two or more non-
invasive methods increases the diagnostic accuracy
of an individual assay”**'%*% The choice of the
algorithm to be used in the clinical practice may be
based on some considerations: (1) what is locally
available; (2) what has been recently validated; (3)
what is not affected by patient co-morbidities; and (4)
which method does the physician feel comfortable!®’.
There are a large number of proposed algorithms that
involve different markers; but we will only discuss the
most widely applied. Sebastiani et al'"! investigated
the viability of combining APRI and FibroTest/Fibrosure
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[Sequential Algorithm for Fibrosis Evaluation (SAFE)]
to identify significant fibrosis and cirrhosis in more
than 2000 patients with CHC. This model uses APRI
as a first line test because of its simplicity and low
cost and FibroTest as a second line test because of
its accuracy and higher cost. Importantly, the model
uses liver biopsy as a third line test only in cases
where the combined non-invasive biomarkers fail
to classify with adequate accuracy. The algorithm
used to identify significant fibrosis avoided 50% of
liver biopsies, whereas an algorithm used to identify
cirrhosis avoided more than 80% of biopsies. Castera
et al'™! proposed the Bordeaux algorithm. They
showed that the combination of TE and FibroTest
was very useful for diagnosing significant fibrosis
and cirrhosis, with AUROC measuring 0.88 and 0.95,
respectively. Boursier et a'** proposed a new fibrosis
index that combined Fibrometer and TE. This index
identifies patients with clinically significant/severe
fibrosis with more accuracy than FibroTest, Fibrometer,
or TE; avoiding 86% of liver biopsies. It is important
to note that the combination of TE with serum-
based tests is currently a common modern practice.
Calés et al''* described a new test called Elasto-
Fibrometer (E-Fibrometer that includes all eight single
components of Fibrometer and Fibroscan, resulting in
a binary logistic regression targeted to F = 2 or F4.
E-Fibrometer provides higher accuracy than the other
tests with AUROCs at 0.848 for F = 2 and 0.926 for
F4.

Another proposed stepwise algorithm combines
Hepascore® with APRI named Bourliere’s algorithm™*.
This approach yielded 91% diagnostic accuracy and
reduced liver biopsies for significant fibrosis by 45%.
To date, its main drawback is the lack of extensive
validation data for Hepascore®, as compared to APRI,
FibroTest, and Forns index. Moreover, Bourliere et aff*®®
proposed another combination algorithm consisting
of Forns index, FibroTest, and APRI that showed good
performance for diagnosing both significant fibrosis
and cirrhosis, saving around 50% and 80% of liver
biopsies, respectively. Moreover, Leroy et al”’* proposed
another combination algorithm using FibroTest and
APRI in concordance, which demonstrated exceptional
performance in the diagnosing of significant fibrosis.

BIOMARKERS OF LIVER CELL DEATH

Based on the morphological characteristics of liver
biopsies, it is currently accepted that hepatocyte
damage is a result, at least in part, of apoptosis
induction. Both in vitro studies and in vivo models
have demonstrated the induction of apoptosis by
HCVE 171 Furthermore, some studies including
adult patients indicated that hepatocyte apoptosis
plays a significant role in the pathogenesis of HCV
infection!**®'®'%] Non-invasive biomarkers of cell
death are evolving as promising tools to diagnose and
monitor liver damage in various acute and chronic liver
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diseases. The understanding and identification of key
molecules involved in biochemical cascades leading
to cell death in liver pathophysiology have offered
new options for the development and testing of novel
serum markers of liver damage!***.. Unfortunately,
although there are many studies that evaluate these
serum apoptosis markers in CHC patients related to
liver damage, the study of the diagnostic accuracy of
these markers for the diagnosis of liver injury severity
is lacking.

The cellular content of the soluble fraction of
cytokeratin-18 (CK18), the major intermediate
filament protein in the liver, has been shown to be
released into the extracellular space during cell death
both in vitro and in vivo. CK18 is cleaved by caspases
at two conserved residues during apoptosis, one of
them (Asp 396) represents a neoepitope (M30), which
is not detectable in vital or necrotic cells. Circulating
levels of M30 have been shown to be elevated in
various other liver disorders, but it was particularly
studied for the diagnosis of nonalcoholic steatohepatitis
(NASH) among patients with nonalcoholic fatty liver
disease (NAFLD)!"*!, However, Bantel et aft''*'?¢"*®
extensively studied hepatocyte cell death and the
release of M30 in patients with CHC. They found that
serum M30 quantification is a highly sensitive method
to detect early fibrosis severity!'**. They observed that
M30 levels were associated with more severe stages
of fibrosis only in patients with normal transaminase
values, but no association between M30 and either
hepatitis or fibrosis severity in general adult CHC
patients was found. On the other hand, Seidel et
al***! found that M30 was elevated in adult patients
with severe steatosis. Finally, Papatheodoridis et
al™* found that M30 was associated with global liver
damage severity, because its levels correlated with
hepatitis severity, fibrosis, and steatosis. Jazwinski et
al™*" found elevated M30 levels in CHC patients when
compared to controls, and while the stage of fibrosis
was associated with increasing serum CK18 levels,
there was no association between M30 and the grade
of steatosis. In contrast, Joka et al'"** described that
M65, another epitope that is present in both caspase-
cleaved and uncleaved CK-18, was more sensitive
and specific than M30 for the detection of lower
fibrosis stages and steatosis severity in many forms
of chronic liver disease, including CHC; although M65
and M30 were not individually analyzed in the context
of each disease etiology. Moreover, in a previous
study, we described that while M30 showed a trend of
association with advanced fibrosis, it did not correlate
with steatosis severity in adult patients!*¥. Finally,
while these studies support the association of CHC
with increased circulating levels of M30, the potential
clinical role and utility of these biomarkers in patients
with CHC remains uncertain.

Fas receptor/Fas ligand interaction is the primary
initiator of the extrinsic apoptosis pathway in the
liver. Therefore, the elimination of apoptotic bodies in
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pathological conditions may induce an inflammatory
reaction with consequent activation of HSCs, which
in turn favors the development of liver fibrosis!**.
Several authors postulated that soluble Fas receptor
(sFas) is associated with liver damage severity because
significantly increased sFas levels were observed in
patients with terminal disease stages, such as cirrhosis
and hepatocellular carcinoma™>"**!, In turn, Toyoda
et al™®” reported that sFas levels in CHC patients
correlated with hepatitis severity. Kakiuchi et a/***
corroborated this result, but reported that this marker
was not associated with fibrosis severity. In contrast,
our previous study indicated that sFas was not related
to hepatitis severity but instead was associated with
fibrosis severity™®!, It follows then that serum sFas
levels are high in patients with CHC; however, the
clinical relevance of circulating sFas is not completely
understood?*1%%1%3],

Tumor necrosis factor-alpha (TNF-a) is a pleiotropic
monocyte derived cytokine that has been associated
with cancer progression, severe inflammatory diseases,
and liver injury™, In order to fulfill inflammatory
reactions in the tissue, TNF-a binds to two distinct
receptors: TNFR1 and TNFR2. Plasma TNF-a levels
were significantly higher in patients with CHC, liver
cirrhosis, and hepatocellular carcinoma compared
to those with acute or mild CHC. Moreover, positive
correlations between disease progression and soluble
TNFR1 and soluble TNFR2 were described in patients
with CHC™*,

SERUM MARKERS IN PEDIATRIC
PATIENTS

HCV infection in adult patients has been explored
so far; however, the natural history of HCV infection
acquired in infancy and childhood remains poorly
characterized, and the long-term outcome of the
disease is still a matter of debate!'**, The spread of
HCV infection in childhood is much more limited, but
vertical transmission, in spite of its low efficiency,
contributes to the maintenance of a reservoir of
infection. Most children are asymptomatic with mildly
abnormal hepatic transaminases!*****l, Nevertheless,
the full spectrum of elementary histological lesions
described in adult patients can be observed in
the liver of children and adolescents, including
the typical triad of HCV-associated lesions; i.e.,
steatosis, portal aggregates of mononuclear cells,
and bile duct damage. The prevalence of both portal
lymphoid aggregates and bile duct injury seems to
be significantly higher among older childrent™*>4%,
Whether or not this “adult phenotype” of hepatitis
C is related to the host's immunoreaction remains
speculative. In comparison with adults, children
more often exhibit a mild disease activity. Septal
fibrosis is not rare, but cirrhosis hardly ever develops
during childhood. Liver fibrosis increases with the
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patient’s age and/or the duration of disease, so older
adolescents and young adults have more severe
fibrosis than children™**?!, The progression of fibrosis
is time dependent, even though it is a slow and non-
linear process. As mentioned above, biopsy in children
is still perceived to carry a higher risk of complications,
so it is less accepted than in adults. However, none
of the several non-invasive tests proposed as an
alternative to liver biopsy for grading and staging
CHC have been investigated and/or validated in the
pediatric population, so little is known about these
tools in children.

In a recent study of a cohort of pediatric patients
with CHC, we evaluated the presence of a pro-
fibrogenic cytokine (TGF-B1) and certain matrix
deposition markers (HA, PIIINP, and TIMP-1) and then
correlated them with liver injury. TGF-p1, TIMP-1, HA,
and PIIINP levels were higher in CHC patients than
in age matched controls. Concerning liver damage,
serum TGF-p1, PIIINP, and HA showed no statistically
significant differences among fibrosis stages; however,
higher values of TIMP-1 were observed in pediatric
patients with more severe fibrosis stages. Indeed,
its accuracy for discriminating significant fibrosis was
lower than that for discriminating advanced fibrosis
(AUROC of 0.625 and 0.800, respectively)™. This
observation is in agreement with data reported by
Lebensztejn et al'*** on pediatric HBV patients. It is
worthwhile to note that the highest TIMP-1 values
were cirrhosis cases, so it would be interesting to
analyze more cases from this condition to assess the
actual diagnostic accuracy for cirrhosis. Finally, we
compared the TIMP-1 result with APRI and AAR as
surrogate indirect serum markers of liver fibrosis; but
these approaches in our cohort did not improve the
diagnostic accuracy performance of TIMP-1. In the
pediatric series, neither APRI nor AAR reached the 0.80
AUROC value, and TIMP-1 remained the best option*?,

FibroTest and ActiTest are potential non-invasive
methods for assessing hepatic fibrosis and necro-
inflammatory activity in pediatric CHC patients. Since
they observed AUROC of 0.97 when diagnosing patients
with mild stage of fibrosis. these tests could discriminate
them from those cases with no (or minimal) fibrosis.
AUROC of 0.93 was useful to successfully discriminate
between patients with moderate activity and those with
mild activity!****),

Moreover, considering that HCV, apoptosis, and
immune responses are all involved in CHC pathoge-
nesis in both pediatric and adult groups'**¥, we have
recently evaluated the presence of different apoptosis
markers and analyzed their correlation with liver
injury in a cohort of CHC pediatric patients™*?. In
particular, we measured sFas and M30 and found
that sFas was associated with fibrosis severity (both
significant and advanced fibrosis) and that M30
levels were elevated in pediatric patients with severe
steatosis. The diagnostic accuracy was good for sFas
to evaluate advanced fibrosis (AUROC: 0.812) and
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for M30 to determine steatosis severity in children
(AUROC: 0.833). Serum sFas could be considered a
possible marker of advanced fibrosis both in pediatric
and adult patients with CHC, and M30 might be a
good predictor of steatosis severity in children. This
last finding is particularly important since M30 is being
widely studied as a marker of steatosis severity both in
pediatric and adult patients with NASH!******, However,
it would be useful to study larger pediatric cohorts,
perhaps in a multicenter study, to validate and confirm
these findings. Consequently, this approach would be
potentially translatable to the bedside.

CONCLUSION

The accurate diagnosis of liver damage is essential for
decision-making in CHC. Liver biopsy has traditionally
been considered the gold standard for the evaluation
of tissue damage, as it provides useful information for
patient management and prognosis. However, it is an
invasive procedure with a risk of potential complications
and is prone to sampling errors. Even though in the
last decade remarkable achievements have been
made in the non-invasive diagnosis of liver damage,
it is an evolving field, and there is still room for
improvement. A number of non-invasive techniques,
ranging from serum biomarker assays to advanced
imaging techniques, are being developed. In general,
these tests show low accuracy in discriminating among
intermediate stages of fibrosis and may be influenced
by several hepatic and extrahepatic conditions. In
order to improve the accuracy of non-invasive methods
to achieve the correct diagnosis of liver damage in
CHC, algorithms combining different markers as well
as the use of two or more non-invasive methods either
simultaneously or in a sequential procedure have been
proposed. Continued research in this area will give us
the opportunity to offer our patients more precise and
non-invasive diagnostic tools. Further research on the
pathophysiology of CHC may identify novel markers
that are able to accurately detect both progression
and regression of liver damage. Liver biopsy will still
be part of clinical practice in the coming years, but
progress in biomedicine will challenge previously
entrenched assumptions and will change our current
approach to liver diseases in the next decade.

ACKNOWLEDGMENTS

The authors thank Dr. Cohen Melina for his language
revision.

REFERENCES

1 Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis,
management, and treatment of hepatitis C: an update. Hepatology
2009; 49: 1335-1374 [PMID: 19330875 DOI: 10.1002/hep.22759]

2 European Association for Study of Liver. EASL Clinical
Practice Guidelines: management of hepatitis C virus infection.

Baishidenge ~ WJG | www.wjgnet.com

10

14

19

20

21

J Hepatol 2014; 60: 392-420 [PMID: 24331294 DOI:
S0168-8278(13)00794-0]

Mengshol JA, Golden-Mason L, Rosen HR. Mechanisms of
Disease: HCV-induced liver injury. Nat Clin Pract Gastroenterol
Hepatol 2007; 4: 622-634 [PMID: 17978819]

Dienstag JL. The role of liver biopsy in chronic hepatitis C.
Hepatology 2002; 36: S152-S160 [PMID: 12407589 DOI:
10.1002/hep.1840360720]

Bedossa P, Moucari R, Chelbi E, Asselah T, Paradis V, Vidaud
M, Cazals-Hatem D, Boyer N, Valla D, Marcellin P. Evidence for
a role of nonalcoholic steatohepatitis in hepatitis C: a prospective
study. Hepatology 2007; 46: 380-387 [PMID: 17659580 DOI:
10.1002/hep.21711]

Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med 2001,
344: 495-500 [PMID: 11172192]

Castera L, Pinzani M. Biopsy and non-invasive methods for the
diagnosis of liver fibrosis: does it take two to tango? Gut 2010; 59:
861-866 [PMID: 20581229]

Gebo KA, Herlong HF, Torbenson MS, Jenckes MW, Chander G,
Ghanem KG, El-Kamary SS, Sulkowski M, Bass EB. Role of liver
biopsy in management of chronic hepatitis C: a systematic review.
Hepatology 2002; 36: S161-S172 [PMID: 12407590]

Poynard T, Ratziu V, Benhamou Y, Thabut D, Moussalli J.
Biomarkers as a first-line estimate of injury in chronic liver
diseases: time for a moratorium on liver biopsy? Gastroenterology
2005; 128: 1146-118; author reply 1148 [PMID: 15825108]
Sebastiani G, Alberti A. Non invasive fibrosis biomarkers reduce
but not substitute the need for liver biopsy. World J Gastroenterol
2006; 12: 3682-3694 [PMID: 16773685 DOI: 10.3748/wjg.v12.
23.3682]

Thampanitchawong P, Piratvisuth T. Liver biopsy: complications
and risk factors. World J Gastroenterol 1999; 5: 301-304 [PMID:
11819452]

Poynard T, Halfon P, Castera L, Charlotte F, Le Bail B, Munteanu
M, Messous D, Ratziu V, Benhamou Y, Bourliére M, De Ledinghen
V. Variability of the area under the receiver operating characteristic
curves in the diagnostic evaluation of liver fibrosis markers: impact
of biopsy length and fragmentation. Aliment Pharmacol Ther 2007;
25:733-739 [PMID: 17311607]

Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of liver
biopsy size on histological evaluation of chronic viral hepatitis:
the smaller the sample, the milder the disease. J Hepatol 2003; 39:
239-244 [PMID: 12873821]

Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG,
Pyrsopoulos NT, Feng ZZ, Reddy KR, Schiff ER. Sampling error
and intraobserver variation in liver biopsy in patients with chronic
HCV infection. Am J Gastroenterol 2002; 97: 2614-2618 [PMID:
12385448]

Kleiner DE. The liver biopsy in chronic hepatitis C: a view from
the other side of the microscope. Semin Liver Dis 2005; 25: 52-64
[PMID: 15731997 DOI: 10.1055/s-2005-864781]

Bedossa P, Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study
Group. Hepatology 1996; 24: 289-293 [PMID: 8690394 DOI:
S0270913996003205]

Bedossa P. Liver biopsy. Gastroenterol Clin Biol 2008; 32: 4-7
[PMID: 18973842 DOI: 10.1016/S0399-8320(08)73989-7]
Rousselet MC, Michalak S, Dupré F, Croué¢ A, Bedossa P, Saint-
André JP, Cales P. Sources of variability in histological scoring
of chronic viral hepatitis. Hepatology 2005; 41: 257-264 [PMID:
15660389 DOI: 10.1002/hep.20535]

Lefkowitch JH. Liver biopsy assessment in chronic hepatitis.
Arch Med Res 2007; 38: 634-643 [PMID: 17613355 DOI:
S0188-4409(06)00307-9]

Afdhal NH, Nunes D. Evaluation of liver fibrosis: a concise
review. Am J Gastroenterol 2004; 99: 1160-1174 [PMID:
15180741 DOI: 10.1111/5.1572-0241.2004.30110.x]

Martinez SM, Crespo G, Navasa M, Forns X. Noninvasive
assessment of liver fibrosis. Hepatology 2011; 53: 325-335 [PMID:
21254180 DOI: 10.1002/hep.24013]

January 28, 2016 | Volume 22 | Issue 4 |



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

JRaishideng®

Manning DS, Afdhal NH. Diagnosis and quantitation of fibrosis.
Gastroenterology 2008; 134: 1670-1681 [PMID: 18471546 DOI:
10.1053/j.gastro.2008.03.001]

Castera L, Bedossa P. How to assess liver fibrosis in chronic
hepatitis C: serum markers or transient elastography vs. liver
biopsy? Liver Int 2011; 31 Suppl 1: 13-17 [PMID: 21205132 DOI:
10.1111/5.1478-3231.2010.02380.x]

Castera L, Pinzani M. Non-invasive assessment of liver fibrosis:
are we ready? Lancet 2010; 375: 1419-1420 [PMID: 20417845
DOI: 10.1016/S0140-6736(09)62195-4]

Castéra L, Vergniol J, Foucher J, Le Bail B, Chanteloup E,
Haaser M, Darriet M, Couzigou P, De Lédinghen V. Prospective
comparison of transient elastography, Fibrotest, APRI, and liver
biopsy for the assessment of fibrosis in chronic hepatitis C.
Gastroenterology 2005; 128: 343-350 [PMID: 15685546]

Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F,
Kazemi F, de Lédinghen V, Marcellin P, Dhumeaux D, Trinchet
JC, Beaugrand M. Noninvasive assessment of liver fibrosis by
measurement of stiffness in patients with chronic hepatitis C.
Hepatology 2005; 41: 48-54 [PMID: 15690481 DOI: 10.1002/
hep.20506]

Arena U, Vizzutti F, Abraldes JG, Corti G, Stasi C, Moscarella S,
Milani S, Lorefice E, Petrarca A, Romanelli RG, Laffi G, Bosch
J, Marra F, Pinzani M. Reliability of transient elastography for the
diagnosis of advanced fibrosis in chronic hepatitis C. Gut 2008; 57:
1288-1293 [PMID: 18448567 DOI: 10.1136/gut.2008.149708]
Sebastiani G, Alberti A. How far is noninvasive assessment of
liver fibrosis from replacing liver biopsy in hepatitis C? J Viral
Hepat 2012; 19 Suppl 1: 18-32 [PMID: 22233410 DOI: 10.1111/
j.1365-2893.2011.01518.x]

Sebastiani G, Gkouvatsos K, Pantopoulos K. Chronic hepatitis C
and liver fibrosis. World J Gastroenterol 2014; 20: 11033-11053
[PMID: 25170193 DOI: 10.3748/wjg.v20.i32.11033]

Arena U, Vizzutti F, Corti G, Ambu S, Stasi C, Bresci S,
Moscarella S, Boddi V, Petrarca A, Laffi G, Marra F, Pinzani M.
Acute viral hepatitis increases liver stiffness values measured by
transient elastography. Hepatology 2008; 47: 380-384 [PMID:
18095306 DOI: 10.1002/hep.22007]

Sagir A, Erhardt A, Schmitt M, Haussinger D. Transient
elastography is unreliable for detection of cirrhosis in patients
with acute liver damage. Hepatology 2008; 47: 592-595 [PMID:
18098325 DOLI: 10.1002/hep.22056]

Millonig G, Reimann FM, Friedrich S, Fonouni H, Mehrabi
A, Biichler MW, Seitz HK, Mueller S. Extrahepatic cholestasis
increases liver stiffness (FibroScan) irrespective of fibrosis.
Hepatology 2008; 48: 1718-1723 [PMID: 18836992 DOI: 10.1002/
hep.22577]

Pinzani M, Rombouts K, Colagrande S. Fibrosis in chronic liver
diseases: diagnosis and management. J Hepatol 2005; 42 Suppl:
$22-S36 [PMID: 15777570]

Fontana RJ, Goodman ZD, Dienstag JL, Bonkovsky HL,
Naishadham D, Sterling RK, Su GL, Ghosh M, Wright EC.
Relationship of serum fibrosis markers with liver fibrosis stage
and collagen content in patients with advanced chronic hepatitis C.
Hepatology 2008; 47: 789-798 [PMID: 18175357 DOI: 10.1002/
hep.22099]

Fontana RJ, Bonkovsky HL, Naishadham D, Dienstag JL, Sterling
RK, Lok AS, Su GL. Serum fibrosis marker levels decrease after
successful antiviral treatment in chronic hepatitis C patients with
advanced fibrosis. Clin Gastroenterol Hepatol 2009; 7: 219-226
[PMID: 19068241 DOI: 10.1016/j.cgh.2008.10.034]

Leroy V, Monier F, Bottari S, Trocme C, Sturm N, Hilleret MN,
Morel F, Zarski JP. Circulating matrix metalloproteinases 1, 2,
9 and their inhibitors TIMP-1 and TIMP-2 as serum markers of
liver fibrosis in patients with chronic hepatitis C: comparison with
PIIINP and hyaluronic acid. Am J Gastroenterol 2004; 99: 271-279
[PMID: 15046217 DOI: 10.1111/j.1572-0241.2004.04055.x]
Martinez SM, Fernandez-Varo G, Gonzalez P, Sampson E,
Bruguera M, Navasa M, Jiménez W, Sanchez-Tapias JM, Forns
X. Assessment of liver fibrosis before and after antiviral therapy

WJG | www.wjgnet.com

Valva P et a/. Serum biomarkers in chronic hepatitis C

38

39

40

41

42

43

44

45

46

47

48

49

50

51

by different serum marker panels in patients with chronic hepatitis
C. Aliment Pharmacol Ther 2011; 33: 138-148 [PMID: 21083589
DOLI: 10.1111/j.1365-2036.2010.04500.x]

Parkes J, Guha IN, Roderick P, Harris S, Cross R, Manos MM,
Irving W, Zaitoun A, Wheatley M, Ryder S, Rosenberg W.
Enhanced Liver Fibrosis (ELF) test accurately identifies liver
fibrosis in patients with chronic hepatitis C. J Viral Hepat 2011; 18:
23-31 [PMID: 20196799 DOLI: 10.1111/j.1365-2893.2009.01263.x]
Patel K, Lajoie A, Heaton S, Pianko S, Behling CA, Bylund D,
Pockros PJ, Blatt LM, Conrad A, McHutchison JG. Clinical use of
hyaluronic acid as a predictor of fibrosis change in hepatitis C. J
Gastroenterol Hepatol 2003; 18: 253-257 [PMID: 12603524 DOI:
10.1046/j.1440-1746.2003.02930.x]

Saitou Y, Shiraki K, Yamanaka Y, Yamaguchi Y, Kawakita T,
Yamamoto N, Sugimoto K, Murata K, Nakano T. Noninvasive
estimation of liver fibrosis and response to interferon therapy
by a serum fibrogenesis marker, YKL-40, in patients with HCV-
associated liver disease. World J Gastroenterol 2005; 11: 476-481
[PMID: 15641129 DOI: 10.3748/wjg.v11.i4.476]

Sanvisens A, Serra I, Tural C, Tor J, Ojanguren I, Barluenga E,
Rey-Joly C, Clotet B, Muga R. Hyaluronic acid, transforming
growth factor-betal and hepatic fibrosis in patients with chronic
hepatitis C virus and human immunodeficiency virus co-infection.
J Viral Hepat 2009; 16: 513-518 [PMID: 19200132 DOI: 10.1111/
j-1365-2893.2009.01103.x]

Valva P, Casciato P, Diaz Carrasco JM, Gadano A, Galdame O,
Galoppo MC, Mullen E, De Matteo E, Preciado MV. The role of
serum biomarkers in predicting fibrosis progression in pediatric
and adult hepatitis C virus chronic infection. PLoS One 2011; 6:
€23218 [PMID: 21858035 DOI: 10.1371/journal.pone.0023218]
Gressner AM, Schifer S. Comparison of sulphated
glycosaminoglycan and hyaluronate synthesis and secretion in
cultured hepatocytes, fat storing cells, and Kupffer cells. J Clin
Chem Clin Biochem 1989; 27: 141-149 [PMID: 2708943 DOI:
10.1515/cclm.1989.27.3.141]

Plevris JN, Haydon GH, Simpson KJ, Dawkes R, Ludlum CA,
Harrison DJ, Hayes PC. Serum hyaluronan--a non-invasive test for
diagnosing liver cirrhosis. Eur J Gastroenterol Hepatol 2000; 12:
1121-1127 [PMID: 11057458 DOI: 10.1097/00042737-200012100
-00009]

Wong VS, Hughes V, Trull A, Wight DG, Petrik J, Alexander GJ.
Serum hyaluronic acid is a useful marker of liver fibrosis in chronic
hepatitis C virus infection. J Viral Hepat 1998; 5: 187-192 [PMID:
9658372 DOI: 10.1046/j.1365-2893.1998.00100.x]

Halfon P, Bourliere M, Pénaranda G, Deydier R, Renou C, Botta-
Fridlund D, Tran A, Portal I, Allemand I, Rosenthal-Allieri A,
Ouzan D. Accuracy of hyaluronic acid level for predicting liver
fibrosis stages in patients with hepatitis C virus. Comp Hepatol
2005; 4: 6 [PMID: 16008833 DOI: 10.1186/1476-5926-4-6]
Resino S, Bellon JM, Asensio C, Micheloud D, Miralles P, Vargas
A, Catalan P, Lopez JC, Alvarez E, Cosin J, Lorente R, Mufioz-
Fernandez MA, Berenguer J. Can serum hyaluronic acid replace
simple non-invasive indexes to predict liver fibrosis in HIV/
Hepatitis C coinfected patients? BMC Infect Dis 2010; 10: 244
[PMID: 20723207]

Gressner OA, Weiskirchen R, Gressner AM. Biomarkers of
hepatic fibrosis, fibrogenesis and genetic pre-disposition pending
between fiction and reality. J Cell Mol Med 2007; 11: 1031-1051
[PMID: 17979881 DOI: 10.1111/j.1582-4934.2007.00092.x]
Veidal SS, Vassiliadis E, Bay-Jensen AC, Tougas G, Vainer B,
Karsdal MA. Procollagen type I N-terminal propeptide (PINP) is a
marker for fibrogenesis in bile duct ligation-induced fibrosis in rats.
Fibrogenesis Tissue Repair 2010; 3: 5 [PMID: 20359335 DOI:
10.1186/1755-1536-3-5]

Baranova A, Lal P, Birerdinc A, Younossi ZM. Non-invasive
markers for hepatic fibrosis. BMC Gastroenterol 2011; 11: 91
[PMID: 21849046 DOI: 1471-230X-11-91]

Zheng M, Cai WM, Weng HL, Liu RH. ROC curves in evaluation
of serum fibrosis indices for hepatic fibrosis. World J Gastroenterol
2002; 8: 1073-1076 [PMID: 12439928]

January 28, 2016 | Volume 22 | Issue 4 |



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

JRaishideng®

Valva P et a/. Serum biomarkers in chronic hepatitis C

Murawaki Y, Tkuta Y, Okamoto K, Koda M, Kawasaki H.
Diagnostic value of serum markers of connective tissue turnover
for predicting histological staging and grading in patients with
chronic hepatitis C. J Gastroenterol 2001; 36: 399-406 [PMID:
11428586]

Kropf J, Gressner AM, Negwer A. Efficacy of serum laminin
measurement for diagnosis of fibrotic liver diseases. Clin Chem
1988; 34: 2026-2030 [PMID: 3168214]

Korner T, Kropf J, Gressner AM. Serum laminin and hyaluronan
in liver cirrhosis: markers of progression with high prognostic
value. J Hepatol 1996; 25: 684-688 [PMID: 8938546]

Misaki M, Shima T, Yano Y, Sumita Y, Kano U, Murata T,
Watanabe S, Suzuki S. Basement membrane-related and type 111
procollagen-related antigens in serum of patients with chronic viral
liver disease. Clin Chem 1990; 36: 522-524 [PMID: 2311224]
Torok NJ. Recent advances in the pathogenesis and diagnosis of
liver fibrosis. J Gastroenterol 2008; 43: 315-321 [PMID: 18592147
DOI: 10.1007/s00535-008-2181-x]

Friedman SL. Liver fibrosis -- from bench to bedside. J Hepatol
2003; 38 Suppl 1: S38-S53 [PMID: 12591185]

Friedman SL. Mechanisms of hepatic fibrogenesis.
Gastroenterology 2008; 134: 1655-1669 [PMID: 18471545 DOLI:
10.1053/j.gastro.2008.03.003]

Goto T, Mikami KI, Miura K, Ohshima S, Yoneyama K, Nakane
K, Watanabe D, Otaka M, Watanabe S. Mechanical stretch induces
matrix metalloproteinase 1 production in human hepatic stellate
cells. Pathophysiology 2004; 11: 153-158 [PMID: 15561512 DOI:
10.1016/j.pathophys.2004.07.003]

Walsh KM, Timms P, Campbell S, MacSween RN, Morris AJ.
Plasma levels of matrix metalloproteinase-2 (MMP-2) and tissue
inhibitors of metalloproteinases -1 and -2 (TIMP-1 and TIMP-2)
as noninvasive markers of liver disease in chronic hepatitis C:
comparison using ROC analysis. Dig Dis Sci 1999; 44: 624-630
[PMID: 10080160]

Macias J, Mira J, Gilabert I, Neukam K, Roldan C, Viloria M,
Moro A, Pineda JA. Combined use of aspartate aminotransferase,
platelet count and matrix metalloproteinase 2 measurements to
predict liver fibrosis in HIV/hepatitis C virus-coinfected patients.
HIV Med 2011; 12: 14-21 [PMID: 20497249 DOI: 10.1111/
j-1468-1293.2010.00836.x]

Badra G, Lotfy M, El-Refaie A, Obada M, Abdelmonem
E, Kandeel S, Fathy A. Significance of serum matrix
metalloproteinase-9 and tissue inhibitor of metalloproteinase-1 in
chronic hepatitis C patients. Acta Microbiol Immunol Hung 2010;
57: 29-42 [PMID: 20350877 DOI: 10.1556/AMicr.57.2010.1.3]
Tran A, Benzaken S, Saint-Paul MC, Guzman-Granier E, Hastier P,
Pradier C, Barjoan EM, Demuth N, Longo F, Rampal P. Chondrex
(YKL-40), a potential new serum fibrosis marker in patients with
alcoholic liver disease. Eur J Gastroenterol Hepatol 2000; 12:
989-993 [PMID: 11007134]

Nelson DR, Gonzalez-Peralta RP, Qian K, Xu Y, Marousis CG,
Davis GL, Lau JY. Transforming growth factor-beta 1 in chronic
hepatitis C. J Viral Hepat 1997; 4: 29-35 [PMID: 9031062 DOI:
10.1046/j.1365-2893.1997.00124 x]

Rallon NI, Barreiro P, Soriano V, Garcia-Samaniego J, Lopez
M, Benito JM. Elevated TGF-B1 levels might protect HCV/HIV-
coinfected patients from liver fibrosis. Eur J Clin Invest 2011; 41:
70-76 [PMID: 20868448 DOI: 10.1111/j.1365-2362.2010.02381.x]
Soliman GM, Mohammed KA, Taha A, Barrak AA. The role of
plasma transforming growth factor beta-1 in the development of
fibrosis in patient with HCV related steatohepatitis. J Egypt Soc
Parasitol 2010; 40: 759-772 [PMID: 21268543]

Patel K, Nelson DR, Rockey DC, Afdhal NH, Smith KM, Oh E,
Hettinger K, Vallée M, Dev A, Smith-Riggs M, McHutchison JG.
Correlation of FIBROSpect II with histologic and morphometric
evaluation of liver fibrosis in chronic hepatitis C. Clin
Gastroenterol Hepatol 2008; 6: 242-247 [PMID: 18187364 DOI:
10.1016/j.cgh.2007.11.009]

Christensen C, Bruden D, Livingston S, Deubner H, Homan C,
Smith K, Oh E, Gretch D, Williams J, McMahon B. Diagnostic

WJG | www.wjgnet.com

69

70

71

72

73

74

75

76

77

78

79

80

81

82

accuracy of a fibrosis serum panel (FIBROSpect II) compared
with Knodell and Ishak liver biopsy scores in chronic hepatitis C
patients. J Viral Hepat 2006; 13: 652-658 [PMID: 16970596 DOI:
10.1111/j.1365-2893.2006.00743.x]

Zaman A, Rosen HR, Ingram K, Corless CL, Oh E, Smith K.
Assessment of FIBROSpect II to detect hepatic fibrosis in chronic
hepatitis C patients. 4m J Med 2007; 120: 280.¢9-280.14 [PMID:
17349453 DOI: 10.1016/j.amjmed.2006.06.044]

Calés P, Lainé F, Boursier J, Deugnier Y, Moal V, Oberti F,
Hunault G, Rousselet MC, Hubert I, Laafi J, Ducluzeaux PH,
Lunel F. Comparison of blood tests for liver fibrosis specific or not
to NAFLD. J Hepatol 2009; 50: 165-173 [PMID: 18977552 DOI:
10.1016/j.jhep.2008.07.035]

Calés P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet
MC, Konaté A, Gallois Y, Ternisien C, Chevailler A, Lunel F. A
novel panel of blood markers to assess the degree of liver fibrosis.
Hepatology 2005; 42: 1373-1381 [PMID: 16317693 DOI: 10.1002/
hep.20935]

Leroy V, Hilleret MN, Sturm N, Trocme C, Renversez JC, Faure
P, Morel F, Zarski JP. Prospective comparison of six non-invasive
scores for the diagnosis of liver fibrosis in chronic hepatitis C.
J Hepatol 2007; 46: 775-782 [PMID: 17321634 DOI: 10.1016/
j-jhep.2006.12.013]

Zarski JP, Sturm N, Guechot J, Paris A, Zafrani ES, Asselah T,
Boisson RC, Bosson JL, Guyader D, Renversez JC, Bronowicki
JP, Gelineau MC, Tran A, Trocme C, De Ledinghen V, Lasnier
E, Poujol-Robert A, Ziegler F, Bourliere M, Voitot H, Larrey D,
Rosenthal-Allieri MA, Fouchard Hubert I, Bailly F, Vaubourdolle
M. Comparison of nine blood tests and transient elastography for
liver fibrosis in chronic hepatitis C: the ANRS HCEP-23 study.
J Hepatol 2012; 56: 55-62 [PMID: 21781944 DOI: 10.1016/
j-jhep.2011.05.024]

Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrhosis
in patients with chronic hepatitis C virus infection: a systematic
review. Ann Intern Med 2013; 158: 807-820 [PMID: 23732714
DOLI: 10.7326/0003-4819-158-11-201306040-00005]

Schiavon Lde L, Narciso-Schiavon JL, de Carvalho-Filho RJ.
Non-invasive diagnosis of liver fibrosis in chronic hepatitis C.
World J Gastroenterol 2014; 20: 2854-2866 [PMID: 24659877
DOI: 10.3748/wjg.v20.111.2854]

Adams LA, Bulsara M, Rossi E, DeBoer B, Speers D, George J,
Kench J, Farrell G, McCaughan GW, Jeffrey GP. Hepascore: an
accurate validated predictor of liver fibrosis in chronic hepatitis C
infection. Clin Chem 2005; 51: 1867-1873 [PMID: 16055434 DOI:
10.1373/clinchem.2005.048389]

Becker L, Salameh W, Sferruzza A, Zhang K, ng Chen R, Malik R,
Reitz R, Nasser I, Afdhal NH. Validation of hepascore, compared
with simple indices of fibrosis, in patients with chronic hepatitis C
virus infection in United States. Clin Gastroenterol Hepatol 2009;
7: 696-701 [PMID: 19514117]

Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schuppan
D, Hubscher S, Roskams T, Pinzani M, Arthur MJ. Serum
markers detect the presence of liver fibrosis: a cohort study.
Gastroenterology 2004; 127: 1704-1713 [PMID: 15578508]
Kelleher TB, Mehta SH, Bhaskar R, Sulkowski M, Astemborski J,
Thomas DL, Moore RE, Afdhal NH. Prediction of hepatic fibrosis
in HIV/HCV co-infected patients using serum fibrosis markers:
the SHASTA index. J Hepatol 2005; 43: 78-84 [PMID: 15894397
DOI: 10.1016/j.jhep.2005.02.025]

Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA,
Conjeevaram HS, Lok AS. A simple noninvasive index can predict
both significant fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology 2003; 38: 518-526 [PMID: 12883497 DOI:
10.1053/jhep.2003.50346]

Teare JP, Sherman D, Greenfield SM, Simpson J, Bray G,
Catterall AP, Murray-Lyon IM, Peters TJ, Williams R, Thompson
RP. Comparison of serum procollagen III peptide concentrations
and PGA index for assessment of hepatic fibrosis. Lancet 1993;
342: 895-898 [PMID: 8105167]

Naveau S, Poynard T, Benattar C, Bedossa P, Chaput JC. Alpha-2-

January 28, 2016 | Volume 22 | Issue 4 |



83

84

85

86

87

88

89

90

91

92

93

94

95

96

JBaishideng®

macroglobulin and hepatic fibrosis. Diagnostic interest. Dig Dis Sci
1994; 39: 2426-2432 [PMID: 7525168]

Forns X, Ampurdanes S, Llovet JM, Aponte J, Quintd L, Martinez-
Bauer E, Bruguera M, Sanchez-Tapias JM, Rodés J. Identification
of chronic hepatitis C patients without hepatic fibrosis by a
simple predictive model. Hepatology 2002; 36: 986-992 [PMID:
12297848]

Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou
Y, Poynard T. Biochemical markers of liver fibrosis in patients
with hepatitis C virus infection: a prospective study. Lancet
2001; 357: 1069-1075 [PMID: 11297957 DOI: 10.1016/
S0140-6736(00)04258-6]

Myers RP, Tainturier MH, Ratziu V, Piton A, Thibault V, Imbert-
Bismut F, Messous D, Charlotte F, Di Martino V, Benhamou Y,
Poynard T. Prediction of liver histological lesions with biochemical
markers in patients with chronic hepatitis B. J Hepatol 2003; 39:
222-230 [PMID: 12873819]

Parise ER, Oliveira AC, Figueiredo-Mendes C, Lanzoni V,
Martins J, Nader H, Ferraz ML. Noninvasive serum markers in the
diagnosis of structural liver damage in chronic hepatitis C virus
infection. Liver Int 2006; 26: 1095-1099 [PMID: 17032410 DOI:
10.1111/5.1478-3231.2006.01356.x]

Shaikh S, Memon MS, Ghani H, Baloch GH, Jaffery M, Shaikh
K. Validation of three non-invasive markers in assessing the
severity of liver fibrosis in chronic hepatitis C. J Coll Physicians
Surg Pak 2009; 19: 478-482 [PMID: 19651008 DOI: 08.2009/
JCPSP.478482]

Giannini E, Risso D, Botta F, Chiarbonello B, Fasoli A, Malfatti F,
Romagnoli P, Testa E, Ceppa P, Testa R. Validity and clinical utility
of the aspartate aminotransferase-alanine aminotransferase ratio in
assessing disease severity and prognosis in patients with hepatitis
C virus-related chronic liver disease. Arch Intern Med 2003; 163:
218-224 [PMID: 12546613]

Sebastiani G, Vario A, Guido M, Noventa F, Plebani M, Pistis
R, Ferrari A, Alberti A. Stepwise combination algorithms of
non-invasive markers to diagnose significant fibrosis in chronic
hepatitis C. J Hepatol 2006; 44: 686-693 [PMID: 16490278 DOI:
10.1016/j.jhep.2006.01.007]

Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, Sun
Y, Xuan SY. Performance of the aspartate aminotransferase-to-
platelet ratio index for the staging of hepatitis C-related fibrosis:
an updated meta-analysis. Hepatology 2011; 53: 726-736 [PMID:
21319189 DOI: 10.1002/hep.24105]

Trang T, Petersen JR, Snyder N. Non-invasive markers of hepatic
fibrosis in patients co-infected with HCV and HIV: comparison
of the APRI and FIB-4 index. Clin Chim Acta 2008; 397: 51-54
[PMID: 18692034 DOI: 10.1016/j.cca.2008.07.009]
Carvalho-Filho RJ, Schiavon LL, Narciso-Schiavon JL, Sampaio
JP, Lanzoni VP, Ferraz ML, Silva AE. Optimized cutoffs improve
performance of the aspartate aminotransferase to platelet ratio index
for predicting significant liver fibrosis in human immunodeficiency
virus/hepatitis C virus co-infection. Liver Int 2008; 28: 486-493
[PMID: 18339075 DOI: 10.1111/j.1478-3231.2008.01675.x]
Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner
J, S Sulkowski M, Torriani FJ, Dieterich DT, Thomas DL,
Messinger D, Nelson M. Development of a simple noninvasive
index to predict significant fibrosis in patients with HIV/HCV
coinfection. Hepatology 2006; 43: 1317-1325 [PMID: 16729309
DOI: 10.1002/hep.21178]

Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A,
Dhalluin-Venier V, Fontaine H, Pol S. FIB-4: an inexpensive and
accurate marker of fibrosis in HCV infection. comparison with
liver biopsy and fibrotest. Hepatology 2007; 46: 32-36 [PMID:
17567829 DOI: 10.1002/hep.21669]

Giizelbulut F, Cetinkaya ZA, Sezikl1 M, Yasar B, Ozkara S,
Oviing AO. AST-platelet ratio index, Forns index and FIB-4 in
the prediction of significant fibrosis and cirrhosis in patients with
chronic hepatitis C. Turk J Gastroenterol 2011; 22: 279-285 [PMID:
21805418]

Schiavon LL, Filho RJ, Narciso JL, Sampaio JP, Lanzoni VP,

WJG | www.wjgnet.com

Valva P et a/. Serum biomarkers in chronic hepatitis C

97

98

99

100

101

102

103

104

105

106

107

108

109

Ferraz ML, Silva AE. Expanding the applicability of noninvasive
fibrosis markers in HIV/HCV co-infected patients. Hepatology
2007; 45: 257-258 [PMID: 17187416 DOI: 10.1002/hep.21507]
Adler M, Gulbis B, Moreno C, Evrard S, Verset G, Golstein P,
Frotscher B, Nagy N, Thiry P. The predictive value of FIB-4 versus
FibroTest, APRI, Fibrolndex and Forns index to noninvasively
estimate fibrosis in hepatitis C and nonhepatitis C liver diseases.
Hepatology 2008; 47: 762-73; author reply 763 [PMID: 18220307
DOLI: 10.1002/hep.22085]

Amorim TG, Staub GJ, Lazzarotto C, Silva AP, Manes J,
Ferronato Mda G, Shiozawa MB, Narciso-Schiavon JL, Dantas-
Correa EB, Schiavon Lde L. Validation and comparison of simple
noninvasive models for the prediction of liver fibrosis in chronic
hepatitis C. Ann Hepatol 2012; 11: 855-861 [PMID: 23109448]
Imbert-Bismut F, Messous D, Thibault V, Myers RB, Piton A,
Thabut D, Devers L, Hainque B, Mercadier A, Poynard T. Intra-
laboratory analytical variability of biochemical markers of fibrosis
(Fibrotest) and activity (Actitest) and reference ranges in healthy
blood donors. Clin Chem Lab Med 2004; 42: 323-333 [PMID:
15080567 DOL: 10.1515/CCLM.2004.058]

Friedrich-Rust M, Rosenberg W, Parkes J, Herrmann E, Zeuzem
S, Sarrazin C. Comparison of ELF, FibroTest and FibroScan for
the non-invasive assessment of liver fibrosis. BMC Gastroenterol
2010; 10: 103 [PMID: 20828377 DOI: 10.1186/1471-230X-10-10
3]

Poynard T, McHutchison J, Manns M, Myers RP, Albrecht
J. Biochemical surrogate markers of liver fibrosis and activity
in a randomized trial of peginterferon alfa-2b and ribavirin.
Hepatology 2003; 38: 481-492 [PMID: 12883493 DOI: 10.1053/
jhep.2003.50319]

Poynard T, Munteanu M, Ngo Y, Castera L, Halfon P, Ratziu V,
Imbert-Bismut F, Thabut D, Bourliere M, Cacoub P, Messous D, de
Ledinghen V. ActiTest accuracy for the assessment of histological
activity grades in patients with chronic hepatitis C, an overview
using Obuchowski measure. Gastroenterol Clin Biol 2010; 34:
388-396 [PMID: 20580175 DOI: 10.1016/j.gcb.2010.05.001]

Di Bisceglie AM, Shiffman ML, Everson GT, Lindsay KL,
Everhart JE, Wright EC, Lee WM, Lok AS, Bonkovsky HL,
Morgan TR, Ghany MG, Morishima C, Snow KK, Dienstag JL.
Prolonged therapy of advanced chronic hepatitis C with low-
dose peginterferon. N Engl J Med 2008; 359: 2429-2441 [PMID:
19052125 DOI: 10.1056/NEJM0a0707615]

Poynard T, Ratziu V. Prolonged therapy for hepatitis C with low-
dose peginterferon. N Engl J Med 2009; 360: 1152; author reply
1152-1153 [PMID: 19283890]

Poynard T, Ngo Y, Munteanu M, Thabut D, Massard J, Moussalli
J, Varaud A, Benhamou Y, Ratziu V. Biomarkers of liver injury
for hepatitis clinical trials: a meta-analysis of longitudinal studies.
Antivir Ther 2010; 15: 617-631 [PMID: 20587855 DOI: 10.3851/
IMP1570]

Poynard T, Ingiliz P, Elkrief L, Munteanu M, Lebray P, Morra R,
Messous D, Bismut FI, Roulot D, Benhamou Y, Thabut D, Ratziu
V. Concordance in a world without a gold standard: a new non-
invasive methodology for improving accuracy of fibrosis markers.
PLoS One 2008; 3: ¢3857 [PMID: 19052646 DOI: 10.1371/
journal.pone.0003857]

Coco B, Oliveri F, Maina AM, Ciccorossi P, Sacco R, Colombatto
P, Bonino F, Brunetto MR. Transient elastography: a new
surrogate marker of liver fibrosis influenced by major changes of
transaminases. J Viral Hepat 2007; 14: 360-369 [PMID: 17439526
DOI: 10.1111/j.1365-2893.2006.00811.x]

Bourliere M, Penaranda G, Renou C, Botta-Fridlund D, Tran
A, Portal 1, Lecomte L, Castellani P, Rosenthal-Allieri MA,
Gerolami R, Ouzan D, Deydier R, Degott C, Halfon P. Validation
and comparison of indexes for fibrosis and cirrhosis prediction in
chronic hepatitis C patients: proposal for a pragmatic approach
classification without liver biopsies. J Viral Hepat 2006; 13:
659-670 [PMID: 16970597 DOI: 10.1111/j.1365-2893.2006.00736.
X]

Castéra L, Sebastiani G, Le Bail B, de Lédinghen V, Couzigou P,

January 28, 2016 | Volume 22 | Issue 4 |



Valva P et a/. Serum biomarkers in chronic hepatitis C

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

JBaishideng®

Alberti A. Prospective comparison of two algorithms combining
non-invasive methods for staging liver fibrosis in chronic hepatitis
C. J Hepatol 2010; 52: 191-198 [PMID: 20006397 DOI: 10.1016/
j-jhep.2009.11.008]

Boursier J, de Ledinghen V, Zarski JP, Fouchard-Hubert I, Gallois
Y, Oberti F, Calés P. Comparison of eight diagnostic algorithms
for liver fibrosis in hepatitis C: new algorithms are more precise
and entirely noninvasive. Hepatology 2012; 55: 58-67 [PMID:
21898504 DOI: 10.1002/hep.24654]

Sebastiani G, Halfon P, Castera L, Pol S, Thomas DL, Mangia
A, Di Marco V, Pirisi M, Voiculescu M, Guido M, Bourliere M,
Noventa F, Alberti A. SAFE biopsy: a validated method for large-
scale staging of liver fibrosis in chronic hepatitis C. Hepatology
2009; 49: 1821-1827 [PMID: 19291784 DOI: 10.1002/hep.22859]
Boursier J, de Ledinghen V, Zarski JP, Rousselet MC, Sturm
N, Foucher J, Leroy V, Fouchard-Hubert I, Bertrais S, Gallois Y,
Oberti F, Dib N, Calés P. A new combination of blood test and
fibroscan for accurate non-invasive diagnosis of liver fibrosis
stages in chronic hepatitis C. A4m J Gastroenterol 2011; 106:
1255-1263 [PMID: 21468012 DOI: 10.1038/ajg.2011.100]

Calés P, Boursier J, Ducancelle A, Oberti F, Hubert I, Hunault G,
de Lédinghen V, Zarski JP, Salmon D, Lunel F. Improved fibrosis
staging by elastometry and blood test in chronic hepatitis C. Liver
Int 2014; 34: 907-917 [PMID: 24102852 DOI: 10.1111/1iv.12327]
Bourliere M, Penaranda G, Ouzan D, Renou C, Botta-Fridlund
D, Tran A, Rosenthal E, Wartelle-Bladou C, Delasalle P, Oules V,
Portal I, Castellani P, Lecomte L, Rosenthal-Allieri MA, Halfon P.
Optimized stepwise combination algorithms of non-invasive liver
fibrosis scores including Hepascore in hepatitis C virus patients.
Aliment Pharmacol Ther 2008; 28: 458-467 [PMID: 18498446
DOI: 10.1111/j.1365-2036.2008.03742.x]

Deng L, Adachi T, Kitayama K, Bungyoku Y, Kitazawa S, Ishido
S, Shoji I, Hotta H. Hepatitis C virus infection induces apoptosis
through a Bax-triggered, mitochondrion-mediated, caspase
3-dependent pathway. J Virol 2008; 82: 10375-10385 [PMID:
18768989 DOLI: JVI1.00395-08]

Fischer R, Baumert T, Blum HE. Hepatitis C virus infection and
apoptosis. World J Gastroenterol 2007; 13: 4865-4872 [PMID:
17828818 DOI: 10.3748/wjg.v13.i36.4865]

Joyce MA, Walters KA, Lamb SE, Yeh MM, Zhu LF, Kneteman N,
Doyle JS, Katze MG, Tyrrell DL. HCV induces oxidative and ER
stress, and sensitizes infected cells to apoptosis in SCID/Alb-uPA
mice. PLoS Pathog 2009; 5: ¢1000291 [PMID: 19242562 DOI:
10.1371/journal.ppat.1000291]

Albertoni G, Arnoni CP, Latini FR, Andrade SS, Araujo PR,
Rodrigues FK, Rozenchan PB, Mendes-Correa MC, Leite OH,
Schor N, Girdo MJ, Barreto JA. Altered of apoptotic markers of
both extrinsic and intrinsic pathways induced by hepatitis C virus
infection in peripheral blood mononuclear cells. Virol J 2012; 9:
314 [PMID: 23256595 DOI: 1743-422X-9-314]

Bantel H, Schulze-Osthoff K. Apoptosis in hepatitis C virus
infection. Cell Death Differ 2003; 10 Suppl 1: S48-S58 [PMID:
12655346]

Calabrese F, Pontisso P, Pettenazzo E, Benvegnu L, Vario A,
Chemello L, Alberti A, Valente M. Liver cell apoptosis in chronic
hepatitis C correlates with histological but not biochemical activity
or serum HCV-RNA levels. Hepatology 2000; 31: 1153-1159
[PMID: 10796892 DOI: S0270913900328634]

Kountouras J, Zavos C, Chatzopoulos D. Apoptosis in hepatitis C.
J Viral Hepat 2003; 10: 335-342 [PMID: 12969183]

Rust C, Gores GJ. Apoptosis and liver disease. 4m J Med 2000;
108: 567-574 [PMID: 10806286]

Valva P, Gismondi MI, Casciato PC, Galoppo M, Lezama C,
Galdame O, Gadano A, Galoppo MC, Mullen E, De Matteo EN,
Preciado MV. Distinctive intrahepatic characteristics of paediatric
and adult pathogenesis of chronic hepatitis C infection. Clin
Microbiol Infect 2014; 20: 0998-1009 [PMID: 24942073 DOI:
10.1111/1469-0691.12728]

Eguchi A, Wree A, Feldstein AE. Biomarkers of liver cell death.
J Hepatol 2014; 60: 1063-1074 [PMID: 24412608 DOI: 10.1016/

WJG | www.wjgnet.com

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

j-jhep.2013.12.026]

Musso G, Gambino R, Cassader M, Pagano G. Meta-analysis:
natural history of non-alcoholic fatty liver disease (NAFLD) and
diagnostic accuracy of non-invasive tests for liver disease severity.
Ann Med 2011; 43: 617-649 [PMID: 21039302 DOI: 10.3109/0785
3890.2010.518623]

Bantel H, Liigering A, Heidemann J, Volkmann X, Poremba
C, Strassburg CP, Manns MP, Schulze-Osthoff K. Detection of
apoptotic caspase activation in sera from patients with chronic
HCYV infection is associated with fibrotic liver injury. Hepatology
2004; 40: 1078-1087 [PMID: 15486927 DOI: 10.1002/hep.20411]
Bantel H, Liigering A, Poremba C, Liigering N, Held J, Domschke
W, Schulze-Osthoff K. Caspase activation correlates with the
degree of inflammatory liver injury in chronic hepatitis C virus
infection. Hepatology 2001; 34: 758-767 [PMID: 11584373 DOI:
10.1053/jhep.2001.28229]

Bantel H, Ruck P, Gregor M, Schulze-Osthoff K. Detection of
elevated caspase activation and early apoptosis in liver diseases.
Eur J Cell Biol 2001; 80: 230-239 [PMID: 11322387 DOI:
10.1078/0171-9335-00154]

Seidel N, Volkmann X, Lianger F, Flemming P, Manns MP,
Schulze-Osthoff K, Bantel H. The extent of liver steatosis in
chronic hepatitis C virus infection is mirrored by caspase activity
in serum. Hepatology 2005; 42: 113-120 [PMID: 15920717 DOI:
10.1002/hep.20747]

Papatheodoridis GV, Hadziyannis E, Tsochatzis E, Georgiou A,
Kafiri G, Tiniakos DG, Margariti K, Manolakopoulos S, Manesis
EK, Archimandritis AJ. Serum apoptotic caspase activity in
chronic hepatitis C and nonalcoholic Fatty liver disease. J Clin
Gastroenterol 2010; 44: ¢87-¢95 [PMID: 19881359 DOI: 10.1097/
MCG.0b013e3181c0945a]

Jazwinski AB, Thompson AJ, Clark PJ, Naggie S, Tillmann
HL, Patel K. Elevated serum CK18 levels in chronic hepatitis C
patients are associated with advanced fibrosis but not steatosis. J
Viral Hepat 2012; 19: 278-282 [PMID: 22404726 DOI: 10.1111/
j-1365-2893.2011.01546.x]

Joka D, Wahl K, Moeller S, Schlue J, Vaske B, Bahr MJ, Manns
MP, Schulze-Osthoff K, Bantel H. Prospective biopsy-controlled
evaluation of cell death biomarkers for prediction of liver fibrosis
and nonalcoholic steatohepatitis. Hepatology 2012; 55: 455-464
[PMID: 21993925 DOI: 10.1002/hep.24734]

Valva P, Casciato P, Lezama C, Galoppo M, Gadano A, Galdame
O, Galoppo MC, Mullen E, De Matteo E, Preciado MV. Serum
apoptosis markers related to liver damage in chronic hepatitis
C: sFas as a marker of advanced fibrosis in children and adults
while M30 of severe steatosis only in children. PLoS One 2013; 8:
€53519 [PMID: 23326448 DOI: 10.1371/journal.pone.0053519]
Canbay A, Friedman S, Gores GJ. Apoptosis: the nexus of
liver injury and fibrosis. Hepatology 2004; 39: 273-278 [PMID:
14767974]

El Bassiouny AE, El-Bassiouni NE, Nosseir MM, Zoheiry MM,
El-Ahwany EG, Salah F, Omran ZS, Ibrahim RA. Circulating and
hepatic Fas expression in HCV-induced chronic liver disease and
hepatocellular carcinoma. Medscape J Med 2008; 10: 130 [PMID:
18679533]

Zekri AR, Alam El-Din HM, Bahnassy AA, Zayed NA, Mohamed
WS, El-Masry SH, Gouda SK, Esmat G. Serum levels of soluble
Fas, soluble tumor necrosis factor-receptor II, interleukin-2
receptor and interleukin-8 as early predictors of hepatocellular
carcinoma in Egyptian patients with hepatitis C virus genotype-4.
Comp Hepatol 2010; 9: 1 [PMID: 20051112 DOI: 1476-5926-9-1]
Toyoda M, Kakizaki S, Horiguchi N, Sato K, Takayama H, Takagi
H, Nagamine T, Mori M. Role of serum soluble Fas/soluble Fas
ligand and TNF-alpha on response to interferon-alpha therapy in
chronic hepatitis C. Liver 2000; 20: 305-311 [PMID: 10959809]
Kakiuchi Y, Yuki N, Iyoda K, Sugiyasu Y, Kaneko A, Kato
M. Circulating soluble Fas levels in patients with hepatitis C
virus infection and interferon therapy. J Gastroenterol 2004; 39:
1189-1195 [PMID: 15622484 DOI: 10.1007/s00535-004-1470-2]
Lapinski TW, Kowalczuk O, Prokopowicz D, Chyczewski L.

January 28, 2016 | Volume 22 | Issue 4 |



140

141

142

143

144

145

146

147

148

149

150

151

JRaishideng®

Serum concentration of sFas and sFasL in healthy HBsAg carriers,
chronic viral hepatitis B and C patients. World J Gastroenterol
2004; 10: 3650-3653 [PMID: 15534924]

Ozaslan E, Kili¢arslan A, Simsek H, Tatar G, Kirazli S. Elevated
serum soluble Fas levels in the various stages of hepatitis C virus-
induced liver disease. J Int Med Res 2003; 31: 384-391 [PMID:
14587305]

Panasiuk A, Parfieniuk A, Zak J, Flisiak R. Association among Fas
expression in leucocytes, serum Fas and Fas-ligand concentrations
and hepatic inflammation and fibrosis in chronic hepatitis C. Liver
Int 2010; 30: 472-478 [PMID: 19919570 DOI: LIV2159]
Raghuraman S, Abraham P, Daniel HD, Ramakrishna BS,
Sridharan G. Characterization of soluble FAS, FAS ligand and
tumour necrosis factor-alpha in patients with chronic HCV
infection. J Clin Virol 2005; 34: 63-70 [PMID: 16087126 DOI:
S1386-6532(05)00048-X]

Zaki Mel S, Auf FA, Ghawalby NA, Saddal NM. Clinical
significance of serum soluble Fas, Fas ligand and fas in intrahepatic
lymphocytes in chronic hepatitis C. Immunol Invest 2008; 37:
163-170 [PMID: 18300041 DOI: 790921035]

Liedtke C, Trautwein C. The role of TNF and Fas dependent
signaling in animal models of inflammatory liver injury and liver
cancer. Eur J Cell Biol 2012; 91: 582-589 [PMID: 22153863 DOI:
10.1016/j.€jcb.2011.10.001]

Mohan N, Gonzalez-Peralta RP, Fujisawa T, Chang MH, Heller
S, Jara P, Kelly D, Mieli-Vergani G, Shah U, Murray KF. Chronic
hepatitis C virus infection in children. J Pediatr Gastroenterol
Nutr 2010; 50: 123-131 [PMID: 20038846 DOI: 10.1097/
MPG.0b013e3181¢61995]

Abdel-Hady M, Bunn SK, Sira J, Brown RM, Brundler MA, Davies
P, Kelly DA. Chronic hepatitis C in children--review of natural
history at a National Centre. J Viral Hepat 2011; 18: ¢535-¢540
[PMID: 21914074 DOI: 10.1111/.1365-2893.2011.01456.x]
Galoppo M, Galoppo C. Management of hepatitis C virus
infection in childhood. Ann Hepatol 2010; 9 Suppl: 98-102 [PMID:
20714004 DOLI: 916031]

Gismondi MI, Turazza EI, Grinstein S, Galoppo MC, Preciado
MV. Hepatitis C virus infection in infants and children from
Argentina. J Clin Microbiol 2004; 42: 1199-1202 [PMID:
15004075 DOI: 10.1128/JCM.42.3.1199-1202.2004]

Guido M, Rugge M, Jara P, Hierro L, Giacchino R, Larrauri J,
Zancan L, Leandro G, Marino CE, Balli F, Bagni A, Timitilli A,
Bortolotti F. Chronic hepatitis C in children: the pathological and
clinical spectrum. Gastroenterology 1998; 115: 1525-1529 [PMID:
9834281 DOI: S0016508598006155]

Guido M, Bortolotti F. Chronic viral hepatitis in children: any
role for the pathologist? Guz 2008; 57: 873-877 [PMID: 18559378
DOI: 10.1136/gut.2007.139410]

Kage M, Fujisawa T, Shiraki K, Tanaka T, Fujisawa T, Kimura
A, Shimamatsu K, Nakashima E, Kojiro M, Koike M, Tazawa Y,
Abukawa D, Okaniwa M, Takita H, Matsui A, Hayashi T, Etou T,
Terasawa S, Sugiyama K, Tajiri H, Yoden A, Kajiwara Y, Sata M,
Uchimura Y. Pathology of chronic hepatitis C in children. Child
Liver Study Group of Japan. Hepatology 1997; 26: 771-775 [PMID:

WJG | www.wjgnet.com

1381

Valva P et a/. Serum biomarkers in chronic hepatitis C

152

153

154

155

156

157

158

159

160

161

162

9303511 DOI: 10.1002/hep.510260333]

Badizadegan K, Jonas MM, Ott MJ, Nelson SP, Perez-Atayde AR.
Histopathology of the liver in children with chronic hepatitis C
viral infection. Hepatology 1998; 28: 1416-1423 [PMID: 9794930
DOI: 10.1002/hep.510280534]

Lebensztejn DM, Sobaniec-Lotowska ME, Kaczmarski M,
Voelker M, Schuppan D. Matrix-derived serum markers in
monitoring liver fibrosis in children with chronic hepatitis B treated
with interferon alpha. World J Gastroenterol 2006; 12: 3338-3343
[PMID: 16733849]

El-Shabrawi MH, Mohsen NA, Sherif MM, El-Karaksy HM,
Abou-Yosef H, El-Sayed HM, Riad H, Bahaa N, Isa M, El-
Hennawy A. Noninvasive assessment of hepatic fibrosis and
necroinflammatory activity in Egyptian children with chronic
hepatitis C virus infection using FibroTest and ActiTest. Eur J
Gastroenterol Hepatol 2010; 22: 946-951 [PMID: 20110820 DOI:
10.1097/MEG.0b013e328336ec84]

Hermeziu B, Messous D, Fabre M, Munteanu M, Baussan C,
Bernard O, Poynard T, Jacquemin E. Evaluation of FibroTest-
ActiTest in children with chronic hepatitis C virus infection.
Gastroenterol Clin Biol 2010; 34: 16-22 [PMID: 19726147 DOI:
10.1016/j.gcb.2009.06.007]

Lebensztejn DM, Wierzbicka A, Socha P, Pronicki M, Skiba E,
Werpachowska I, Kaczmarski M. Cytokeratin-18 and hyaluronic
acid levels predict liver fibrosis in children with non-alcoholic
fatty liver disease. Acta Biochim Pol 2011; 58: 563-566 [PMID:
22140659 DOL: 201114930]

Tamimi TI, Elgouhari HM, Alkhouri N, Yerian LM, Berk MP,
Lopez R, Schauer PR, Zein NN, Feldstein AE. An apoptosis panel
for nonalcoholic steatohepatitis diagnosis. J Hepatol 2011; 54:
1224-1229 [PMID: 21145805 DOI: S0168-8278(10)00929-3]
Feldstein AE, Wieckowska A, Lopez AR, Liu YC, Zein NN,
McCullough AJ. Cytokeratin-18 fragment levels as noninvasive
biomarkers for nonalcoholic steatohepatitis: a multicenter validation
study. Hepatology 2009; 50: 1072-1078 [PMID: 19585618 DOI:
10.1002/hep.23050]

Yilmaz Y, Dolar E, Ulukaya E, Akgoz S, Keskin M, Kiyici M,
Aker S, Yilmaztepe A, Gurel S, Gulten M, Nak SG. Soluble forms
of extracellular cytokeratin 18 may differentiate simple steatosis
from nonalcoholic steatohepatitis. World J Gastroenterol 2007; 13:
837-844 [PMID: 17352011 DOI: 10.3748/wjg.v13.i6.837]
Fitzpatrick E, Mitry RR, Quaglia A, Hussain MJ, DeBruyne
R, Dhawan A. Serum levels of CK18 M30 and leptin are useful
predictors of steatohepatitis and fibrosis in paediatric NAFLD. J
Pediatr Gastroenterol Nutr 2010; 51: 500-506 [PMID: 20808246
DOI: 10.1097/MPG.0b013e3181e376be]

Wieckowska A, Zein NN, Yerian LM, Lopez AR, McCullough AJ,
Feldstein AE. In vivo assessment of liver cell apoptosis as a novel
biomarker of disease severity in nonalcoholic fatty liver disease.
Hepatology 2006; 44: 27-33 [PMID: 16799979]

Feldstein AE, Alkhouri N, De Vito R, Alisi A, Lopez R, Nobili V.
Serum cytokeratin-18 fragment levels are useful biomarkers for
nonalcoholic steatohepatitis in children. Am J Gastroenterol 2013;
108: 1526-1531 [PMID: 23752877 DOLI: 10.1038/ajg.2013.168]

P- Reviewer: Rousselet MC ~ S- Editor: YuJ L- Editor: Filipodia
E- Editor: Zhang DN

January 28, 2016 | Volume 22 | Issue 4 |



