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Abstract

The assessment of liver fibrosis provides useful
information not only for diagnosis but also for therapeutic
decision. Although needle biopsy of the liver is the gold
standard for fibrosis assessment, it has some technical
limitations and risks. This has led to the development of
noninvasive biochemical markers of liver fibrosis: direct
markers which reflect extracellular matrix turnover and indirect
markers which reflect alterations in hepatic function. Markers
associated with matrix deposition or degradation and some
cytokines implied in fibrosis may be used as individual
markers or as combination of markers to generate an algo-
rithm to evaluate the stage of fibrosis. Also, fibrosis may be
predicted by using indirect markers as a single routine
laboratory test or multicomponent indirect fibrosis tests.

Serum markers are of great value not only in patients at
risk for liver biopsy, but also as a part of the assessment of
patients with chronic liver disease avoiding the invasive
methods.
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Rezumat

Evaluarea fibrozei hepatice furnizeaza informatii cu
valoare diagnostica si pentru adoptarea deciziei terapeutice.
Desi biopsia hepatica ramane “standardul de aur” pentru
evaluarea fibrozei, aceasta este grevata de limite tehnice si
riscuri. Aceasta a condus la dezvoltarea de markeri biochimici
neinvazivi: markeri directi, care reflectd turnoverul matricei
extracelulare si markeri indirecti, care reflecta modificari ale
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functiei hepatice. Markeri asociati cu depunerea sau
degradarea matricei extracelulare si unele citokine implicate
in fibroza pot fi utilizati ca markeri individuali sau in combinatii
pentru a genera un algoritm care sd poatd evalua stadiul
fibrozei. De asemenea, fibroza poate fi evaluata prin utilizarea
markerilor indirecti, teste de rutina de laborator sau teste
indirecte compozite.

Markerii serici au o valoare deosebita nu numai pentru
pacientii cu risc pentru biopsia hepatica, dar de asemenea
ca parte a evaludrii pacientilor cu boli hepatice cronice,
evitand utilizarea metodelor invazive.

Introduction

Fibrosis is a nonspecific response to injuries which
implies the synthesis of an extracellular matrix (ECM). ECM
represents a group of macromolecules, including collagens,
non—collagen-glycoproteins, matrix bound growth factors,
glycosaminoglycans, proteoglycans and matrix proteins
(D).

In the fibrotic liver there are quantitative and qualitative
ECM changes. The total collagen content in the liver
increases 3-10 fold and qualitative changes include: an
increase in fibril-forming collagens (type I, 111, IV), non—
fibril forming collagens (type 1V, VI), glycoproteins
(fibronectin, laminin, SPARC, osteonectin, tenascin, von
Willebrand factor), proteoglycans and glycosaminoglycans
(perlecan, decorin, aggrecan, lumican, fibromodulin) (2-4).

The result is the replacement of the low density basement
membrane-like matrix with the high density matrix of the
interstitial type, which impairs the metabolic and synthesis
function of hepatocytes, hepatic stellate cells (HSC), and
endothelial cells (3).

Hepatic stellate cell activation is the central event leading
to hepatic fibrosis. Activation of HSC implies two steps:
initiation (“preinflammatory stage”) and perpetuation which
involves also several changes: proliferation, chemotaxis,
fibrogenesis, contractility, matrix degradation, retinoid loss,
WBC chemoatractants and cytokine release (1,3,5).
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The presence of specific cytokines, chemokines or other
biologic active mediators is required for each step.

ECM is an active tissue, implying not only matrix
synthesis, but also matrix degradation in a dynamic process
which lead to the ECM remodelling. Thus, although fibrosis
in the liver may be a progressive process leading to cirrhosis,
fibrosis is also a potentially reversible process, at least in
early stages (6-8).

The assessment of fibrosis in hepatic diseases provides
much information and has a high value, not only for the
diagnosis and prognosis of disease, but also for the
therapeutic decision and for the monitoring of the natural
history or the evolution under treatment.

The clinician has many possibilities, with unequal value
for evaluating fibrosis (Table I).

Table I Methods to assess liver fibrosis

Invasive methods
Classical histological evaluation
Semiquantitative scoring systems
Computer—assisted interactive quantitative analysis
Immunohistochemical studies
Noninvasive methods
Serological assays
- indirect markers
- direct markers
- cytokine profile
Imaging methods
- ultrasonography
- computed tomography
- magnetic resonance imaging
- elastography
Genetic studies

Despite the impressive development of potential
diagnostic tests for fibrosis assessment, needle biopsy of
the liver remains the gold standard and provides much useful
information. Unfortunately, liver biopsy has some limitations,
including sample errors and it is only about 80% accurate in
fibrosis staging: it may miss advanced fibrosis in 30% of
patients (9-12) (Table II).

Table II Needle biopsy of the liver - value and limitations

Value Limitations

Gold standard for diagnosis
- confirmatory diagnostic
value
- etiological suggestion
- differential diagnosis

Potential complications,
including mortality
Significant sampling
errors

High cost

Subjective nature of the
analysiswith intra and
interobserver variation
Assessment of grade and stage

Therapeutic decision

(eligibility)

Evaluation of treatment

efficacy

Valuable standard for subsequent

comparison in follow-up of

untreated and treated patients

There are several technical requirements for fibrosis
staging which include an adequately sized biopsy, a non-
fragmented sample, perfect histological techniques, and an
impeccable connective tissue stain (11).

The size of sample is essential for diagnosis: 20 mm long,
14 mm wide, containing 11 to 15 complete portal tract (the
concept of minimum number of complete portal tracts)
(12).

Immunohistochemical analysis of ECM provides
information in monitoring the stage of the fibrotic process:
tenascin deposition is a marker of active fibrogenesis and
of an early event, while vitronectin is a marker of mature
fibrotic tissue which has a lower chance of regression (13).

The limitations of liver biopsy have led to the
identification of alternative possibilities to assess liver
fibrosis, mainly by noninvasive methods.

This lack of standard laboratory serum analysis, imaging
methods or virologic assays which can distinguish patients
who are at risk of progressive fibrosis has led to the
identification of reliable markers of liver fibrosis which make
possible not only the diagnosis of fibrosis but also the
assessment of fibrosis progression.

This approach would have a real contribution for at least
four reasons:

- the assessment of actual stage of fibrosis has a
prognostic value for the likelihood of response to antiviral
treatment, since advanced fibrosis (F3/F4 Metavir) has a
lower response rate;

- the noninvasive estimation of fibrosis stage could be a
good indicator for the decision to start or to delay the
antiviral treatment;

- by taking into account the factors which interfere with
the rate of progression of fibrosis, the clinician could predict
the time to development of cirrhosis;

- the iterative determination of biological markers could
be an easy, noninvasive and nonexpensive method to
monitor the progression of fibrosis in the natural evolution
or the regression under treatment (14).

The great majority of studies have investigated the
diagnostic value of serum markers of liver fibrosis. The
requirements for an ideal marker are shown in Table III.

Table III Characteristics of an ideal marker of liver fibrosis (15-
17)

Liver specific
Noninvasive
Easy to perform
Measurable by sensitive, reproducible and fast methodology
Serum levels independent of alterations in liver, renal or
reticuloendothelial function
Capacity to reflect one or more of the following processes:
- stage of fibrosis;
- activity of matrix deposition;
- activity of matrix removal.
Possibility to follow the progression or regression of fibrosis in
natural evolution or under treatment

From the practical point of view, the aim of biochemical
noninvasive investigation is to discriminate between
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patients with no or insignificant fibrosis (FO to F1 Metavir )
and those with significant fibrosis (F2 to F4 Metavir) without
requiring liver biopsy.

The accuracy of a test is given as the area under the
curve (AUC) of the receiver operator characteristic (ROC).
An ideal marker would have an AUC of 1.0 and thus a 100%
sensitivity and specificity. The great majority of proposed
biochemical markers have an AUC between 0.80-0.85 and
have value not for staging the disease, but rather for
differentiating insignificant (FO/F1) from significant fibrosis
(F2-F4 Metavir). Moreover, the indeterminate results occur
mainly in patients who have F1 to F2 disease. Taking into
account that the value of a biomarker is validated against
the biopsy, which has an accuracy of about 80%, it is
improbable that a biomarker has a better performance than
liver biopsy for staging fibrosis (16, 18).

Serum markers of liver fibrosis may be divided in two
categories:

- direct markers, which reflect ECM turnover and

- indirect markers, which reflect alterations in hepatic
function, but not directly ECM metabolism (16, 19).

Other authors prefer the terms:

- biomarkers, which directly reflect the biologic process
of fibrosis and can be measured and

- surrogate markers, which may correlate with fibrosis,
but do not directly reflect the pathophysiologic events
leading to fibrosis (14).

Direct serological markers of liver fibrosis

These markers are supposed to be directly involved in
the deposition and removal of ECM, i.e. in fibrogenesis and
fibrolysis. They include markers of matrix metabolism as
well as cytokines. Fibrosis markers can be classified
according to their molecular structure (Table I'V).

Table IV Fibrosis markers (16)

Collagens
- procollagen I C peptide (PICP)
- procollagen III N peptide (PIIINP)

- type IV collagen and its fragments (NC1 and PIVNP)

Glycoproteins and polysaccharides
- hyaluronic acid (HA)
- laminin
- tenascin
- YKL-40

Collagenases and their inhibitors
- metalloproteinases (MMPs)
- tissue inhibitors of metalloproteinases (TIMPs)

Cytokines
- TGF-Bl
- PDGF

It is very difficult to make a clear delimitation between
markers of ECM deposition and degradation. Serum levels
of direct markers reflect simultaneously both processes as
well as the total mass of ECM undergoing remodelling

(16).

There are strong arguments for this supposition:

- the levels of direct markers are elevated in disease with
rapidly progressing fibrosis severe alcoholic hepatitis or
active hepatitis;

- the levels of these markers have a decreasing tendency
in response to treatment of the disease, before reduction in
the stage of fibrosis;

- there is an independent correlation between serum direct
markers and the stage of fibrosis in chronic liver diseases
(20-24).

Also, there is a good correlation between different direct
fibrosis markers, suggesting that they investigate a similar
process.

The proposal to assess simultaneously markers of matrix
deposition and degradation by using a different combination
of these markers in an attempt to evaluate the whole process
of matrix remodelling has added little diagnostic accuracy
(16).

The assessment of direct markers could be useful for:

- staging liver disease and for

- assessing the effect of treatment and predicting disease
progression (16).

Direct individual markers in staging liver
disease

Markers associated with matrix deposition

Several studies have investigated the value of procol-
lagen peptides. During synthesis of collagen, procollagen
suffers an enzymatic cleavage at both the carboxy — and
aminoterminal ends by two different enzymes: procollagen-
C—proteinase and procollagen—N-proteinase. The peptides
released into the serum: procollagen type I carboxy —terminal
peptide and procollagen type Il amino-terminal peptide can
be used as a measure of matrix deposition (25,26).

Procollagen type I carboxy terminal peptide (PICP)

PICP has little value in the diagnosis of chronic hepatitis
and is elevated in cirrhosis, quantifying disease severity or
indicating the alcoholic etiology (27).

Procollagen type III amino-terminal peptide (PIIINP)

Serum levels of P III NP were extensively studied alone
or in combination with different other markers and the results
showed the correlation between their levels and histological
stage of hepatic fibrosis in alcoholic liver disease, viral
hepatitis and primary biliary cirrhosis (26-29).

When refining the methods of assessment by using two
assays methods of PIIINP (for col 1-3 : collagen synthesis
and for col 1: collagen degradation), some authors found a
significant correlation between serum PIIINP (col 1-3 and
col-1) and histological changes: fibrosis, periportal necrosis
and histological activity index (30).

Serum type 1V collagen

Type IV collagen is an important component of ECM.
Unlike type I and III collagens, which are processed by
proteolysis, type IV collagen is deposited intact in the matrix
and the serum component of type IV collagen reflects matrix
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degradation (31). The assay of fragments of type IV collagen
in serum (carboxyterminal cross-linking domain —NC1 and
aminoterminal 7S domain of procollagen type IV — PIVNP)
are used most frequently in practice (32-34). Irrespective of
the methods used for determination, serum levels of type [V
collagen had a positive correlation with the degree of hepatic
fibrosis in patients with chronic viral hepatitis, alcoholic
liver disease and were sensitive indicators of the presence
of cirrhosis in haemochromatosis (15,16).

In hepatitis C, a cut-off value was established for
diagnosing stages greater than F2 (110 ng/ml) and for
predicting stage F3 (130 ng/ml) (35).

Laminin

A major non-collagenous glycoprotein synthetized by
HSC, laminin is deposited in the basement membrane of the
liver and increases during fibrosis around the vessels, in
the perisinusoidal spaces and the portal tract.

Serum laminin levels and pepsin—resistant fragment of
laminin (laminin P1) are elevated in chronic liver diseases
irrespective of etiology: viral or alcoholic and reflect an
increase in perisinusoidal fibrosis (36,37).

Some studies suggest that the serum levels of laminin
correlate with the severity of fibrosis and liver inflammation
in chronic hepatitis C, and are superior to serum ALT in
reflecting liver injury (37), particularly in cirrhosis (16). Also,
these studies showed a good correlation of serum laminin
with Child-Pugh’s score, complications of liver cirrhosis,
portal pressure and hepatic vein portal gradient (38).

Hyaluronic acid

Hyaluronic acid (HA) is a glycosaminoglycan, compo-
nent of the ECM, synthetized by HSC. In normal circum-
stances the endothelial cells of the liver sinusoid are the
site of HA uptake and degradation (39). Increased levels of
HA are due to decreased hepatic removal, increased
production or both.

High levels of serum HA have been detected in patients
with liver diseases of different etiologies and particularly in
those with cirrhosis (40-41).

Serum levels of HA have been shown to be related not
only to the stage of fibrosis (41) but also to the degree of
necroinflammation (31).

The assessment of both laminin and HA concentration
has a good prognostic value for complications of liver
cirrhosis: hepatic encephalopathy stage Il and IV, refractory
ascites, portal vein thrombosis (38).

Serum HA ata level of <60 mg/l excludes vein significant
fibrosis or cirrhosis with a positive predictive value (PPV)
0f' 93% and 99% respectively and has an important role in
identification of early fibrosis, thus reducing the need for
biopsy in this subgroup of patients (24).

Atthe cut-off value of 85 mg/l serum HA had a sensibility
of 64.5% and specificity of 91.2% for discrimi-nating patients
with extensive liver fibrosis from those with no or mild
fibrosis. At the cut-off value of 110mg/1 the sensi-tivity was
79.2% and specificity 89.4% for discriminating patients with
from those without liver cirrhosis (42).

It appears that as an isolated marker, HA is the most
useful diagnostic tool for both staging and grading in
patients with chronic C virus infection (31).

YKL-40 (chondrex)

YKL-40 is amammalian member of a chitinase family (18-
glycosylhydrolases). YKL-40 is produced in a wide variety
of cell types and especially in cells located in tissues with
increased remodelling/degradation or inflammation of the
ECM. The cellular source in the liver is supposed to be
activated HSC (43). Its physiological function is unknown,
but YKL-40 may contribute to tissue remodelling, acts as a
growth factor for fibroblasts, acts synergistically with
insulin-like growth factor, as a chemoatractant for endothelial
cells and has a role in angiogenesis (43-44). In liver diseases,
serum levels of YKL-40 were closely related to the degree of
fibrosis histologically documented, the highest values being
found in severe fibrosis (43).

In chronic HCV infection, serum levels greater than 284.8
ng/ml predict cirrhosis with a sensitivity of 80% and
specificity of 71% and have a negative predictive value
(NPV) of 78% (45). Unlike PIIINP and HA, serum YKL-40 is
significantly elevated in the subset of alcoholic cirrhotic
patients who have also alcoholic hepatitis and is the best of
these serological markers in discriminating between patients
with mild fibrosis and those with no fibrosis (43,46).

Markers associated with matrix degradation

Products of matrix degradation result from the activity
of a family of enzymes: matrix metalloproteinases
(MMPs).

Synthesized intracellularly and secreted as pro-enzymes,
MMPs are activated by a proteolytic cleavage by membrane-
type matrix metaloproteinase 1 (MT1-MMP) or plasmin and
inhibited by binding to specific tissue inhibitors of
metalloproteinase (TIMPs).

Considering their substrate specificity there are five
categories of MMPs: interstitial collagenases (MMP-1, -8, -
13), gellatinases (MMP-2, - 9 and fibroblast activation
protein), stromelysins (MMP-3, -7, -10, -11), membrane type
(MMP-14,-15,-16,-17,-24, - 25) and metalloelastase (MMP-
12)(6,47,48).

The MMPs and their inhibitors are involved in the
control of matrix degradation (47).

In chronic liver disease, the investigations have centered
on MMP2 (gellatinase or 72 kDA type IV collagenase),
membrane-type metalloproteinase-1 or — 2 which activate
latent MMP2 and TIMP-1 and TIMP-2.

MMP-1 shows a substrate specificity for interstitial
collagen type I and III, while MMP-2 has as substrate
collagen type IV, V, VII, X elastin and fibronectin.

TIMPs can irreversibly bind the proenzyme or active
forms of MMPs and inactivate them. Excess production of
TIMPs relative to MMPs may be an important factor for
progression of liver fibrosis (49).

HSC are the principal source of MMP-2 in the human
liver and activation of MMP-2 require interaction with
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hepatocytes. TIMP-1 is produced by HSC and hepatocytes
(6,47.,49).

Regarding the diagnostic value of MMP-2 and TIMP-1,
one study reported that MMP-2 levels were elevated only
when cirrhosis had developed, while TIMP-1 had a
diagnostic value in detecting earlier stage of fibrosis (50).
Also, this study revealed that TIMP-1 levels had a strong
correlation with histological inflammatory scores and that
MMP-2 levels had no relationship to the stage of fibrosis in
the noncirrhotic liver.

Other studies established that serum levels of MMP-1
had a declining tendency with the severity of liver fibrosis
and inflammation and abnormal serum MMP-1 did not
appear until the patients were in the advanced stages of
fibrosis (51).

However, older studies which investigated the role of
TIMP-1 in patients with various liver disease, comparing
TIMP-1 with PIIINP, type IV collagen, laminin P1 and the
histological aspect, suggested that the serum levels of
TIMP1 may be useful to estimate hepatic fibrogenesis
associated with active inflammatory activity (52) .

Also, the serum levels of TIMP-1 were shown to correlate
positively with the degree of fibrosis and a striking increase
in serum TIMP-1 levels was observed in the late stage of
fibrosis, but not in the mild stage (53).

The ratio of TMP-1/MMP-1 could be useful in the
diagnosis of hepatic fibrosis (51).

Cytokines and chemokines associated with
hepatic fibrosis

TGF-B1

Transforming growth factor-f1(TGF-f1) is a homodi-
metric polypeptide that is secreted in an inactive form which
requires activation. It has pleiotropic effects through
membrane receptors on a wide variety of cells. In hepatic
pathology, TGF-B1 is the most important stimulus for the
production of ECM by HSC (54) and it is also an inhibitor of
hepatocyte growth and proliferation (55).

In the liver biopsy from patients with chronic liver
disease, TGF-B1, mRNA levels correlate with type I collagen
mRNA (56).

The value of serum TGF-b1 levels has some limitations
related to the contamination of the sample by TGF - 3 from
platelets, the interference with plasmin activity in the plasma
that increases the amount of TGF-f1 through opening LAP-
TGF-B complex, the binding of TGF-p at the sites of injury
to ECM and to vascular endothelium, the sequestration by
soluble proteins and the complicated clearance of TGF-31.
These factors explain why plasma levels of TGF 1 are
unlikely to be of diagnostic value (51,56).

However, some studies showed a good correlation
between serum levels of total TGF - B, and Knodell scores
(57) and also a correlation with the rate of fibrosis progression
(58).

Moreover, some authors established cut-off values with
prognostic significance for patients with no progression of

fibrosis and those with progressive disease. A TGF-B1 level
below 75 ng/ml was predictive for stable disease (58).

PDGF

Platelet derived growth factor (PDGF) is the main stimulus
of HSC proliferation and migration and is upregulated
following liver injury. PDGF-BB is the main subunit with the
most important role for the signalling pathway in HSC (3,59).

The serum level of PDGF-BB was found to have the
highest value for assessment of hepatic fibrosis, when
compared to other eight markers (51).

The correlation of individual direct markers with fibrosis
and inflammation is shown in Table V.

Table V The correlation of direct serum markers with the
histological substrate (16)

Markers Disease Fibrosis Inflammation
Procollagen type I CVH* + +
PIIINP CVH +++ -+
Type I collagen Various + +
liver disease
Type 1V collagen CVM ++ ++
Laminin CVM -+ ++
Hyaluronic acid CVM +++ +
YKL-40 CVH -+ +

*CVH = chronic viral hepatitis.

Combination of direct markers

The combination of direct markers to generate an
algorithm capable of evaluating the existence of fibrosis
and its stage is an alternative approach. There are several
studies which made use of this approach.

Oberti et al (60) studied four specific markers of fibrosis:
hyaluronic acid, PIII NP, laminin and TGF-b, together with
other nonspecific markers: prothrombin index, GGT,
apoliprotein—A1 (PGA score) and a2-macroglobulin in a
prospective study. The best diagnostic accuracy was found
for HA (86%), followed by laminin (81%), P III NP (74%) and
TGF-bl (67%).

Taken together, the results of the Oberti’s study did not
show any diagnostic advantage of the specific over
nonspecific markers of fibrosis.

In another investigation, the serum markers of fibrosis:
C—terminal peptide of procollagen I, PIIINP, collagen IV and
serum prolylhydroxilase were studied in cirrhotic and
noncirrhotic patients (27). By stepwise logistic regression
analysis and ROC curves the authors established that
collagen I'V and PIIINP were independently associated with
cirrhosis.

One study investigated the diagnostic value of PIIINP,
PIVNP, HA, MMP-1, MMP-2 and TIMP -1 in order to assess
by ROC the usefulness of serum direct markers for fibrosis
staging and necroinflammatory grading in chronic hepatitis
C (61). The authors concluded that HA and MMP-2 were
most useful in that order for diagnosing stages greater than
F2, while serum HA and PIVNP for diagnosing moderate
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grade. Because of the great overlap among stages and grades
they did not consider that the above mentioned investigated
markers can replace liver biopsy for the assessment of liver
histology, but have a value for the global clinical status
judgement and for prognosis.

The European Liver Fibrosis Study, conceived as an
international, multicenter, cross—sectional cohort study,
compared the diagnostic performance of three direct serum
markers: HA, PIIINP and TIMP-1 with liver biopsy to
generate a diagnostic algorithm for estimating the severity
of liver fibrosis. By adopting as thresholds sensitivity greater
than 90% and specificity greater than 90%, this algorithm
was found to exclude significant fibrosis. Also, this
algorithm can detect cirrhosis with a sensitivity greater than
90% (62).

Recently, another study investigated the diagnostic
value of a combination of three markers: HA, TIMP-1 and
a2—-macroglobulin, with the aim of generating an algorithm
able to discriminate between significant and non-significant
fibrosis. Establishing cut-off values for these markers, they
may reliably differentiate chronic hepatitis C patients with
moderate / severe fibrosis (F2 to F4 Metavir) from those
with no or mild fibrosis (FO to F1 Metavir) (63).

In an attempt to find a better combination of markers,
serum levels of PDGF-BB, TGF-B1, MMP-1, TIMP-1, HA,
PCIII, collagen IV, laminin and mRNA-TIMP-1 and mRNA—
MMP-1 in peripheral blood mononuclear cells (PBMCs) were
investigated in patients with chronic viral B infection. Serum
levels of PDGF-BB, TIMP-1 mRNA, the ratio TIMP—1 mRNA/
MMP-1 mRNA in PBMCs and serum levels of TIMP-1 and
TIMP-1/MMP-1 ratio were valuable markers for fibrosis
assessment. The combination of serum PDG-BB, TIMP-1
mRNA and MMP-1 mRNA in PBMCs was the best test in
screening of liver fibrosis (51).

The role of fibrosis markers in assessing
treatment efficacy and predicting disease
progression

The dynamic assessment of direct markers of liver
fibrosis: HA, PIIINP, YKL-60 and TIMP-1 showed decreased
levels in patients who achieved a sustained biochemical or
virological response and a good correlation with histological
findings (64-67).

The fall of the TGF-B levels after antiviral therapy
suggests that interferon has also a direct antifibrotic effect
through a direct inhibition of TGF-[3 expression (68).

Noninvasive markers have also a prognostic value, by
predicting clinical evolution and fibrosis progression. Serum
HA levels have a great predictive value and correlate with
Child —Pugh’s score in patients with viral C cirrhosis.

HA and PIIINP were independently predictive of disease
progression in primary biliary cirrhosis (81), serum laminin
levels correlate with Child-Pugh’s score of liver cirrhosis
irrespective of etiology (38) and elevated levels of PIIINP
and YKL-40 are predictive of shorter survival in alcoholic
cirrhosis (70).

High basal levels of TGF 1 allow for the identification
of a subset of patients with chronic hepatitis C who will have
progressive liver fibrosis (58), a statement that has been
documented by serial evaluations of serum TGF-f1.

Patients with progressive hepatic fibrosis had a parallel
increase in TGF-f3, levels.

Limitations of the serum direct markers
of liver fibrosis

Using either a single marker or a combination of tests,
direct markers have some limitations:

- they reflect the rate of matrix turnover, not only
deposition, and have the tendency to be more elevated when
there is an associated high inflammatory activity. As a
consequence, extensive matrix deposition might not be
detected in the presence of minimal inflammation;

- they are not liver—specific and their serum levels may
be elevated in the presence of concomitant sites of
inflammation;

- serum levels of markers depend on clearance rates,
which are influenced by dysfunction of endothelial cells,
impaired biliary excretion or renal function (14).

Indirect markers of liver fibrosis

Liver fibrosis may be predicted by using a single routine
laboratory test that reflects alteration in hepatic function, or
a combination of such tests.

Individual serum indirect markers of fibrosis

Serum ALT levels

Although serum ALT levels generally reflect liver injury,
the correlation between ALT levels and necroinflammatory
and fibrosis score is poor, especially in chronic viral C
infection. However, an extensive study established that ALT
levels had a good sensitivity and specificity for the
prediction of histologic substrate (Table VI ) (71).

Table VI Sensitivity and specificity of ALT for the prediction of
a histologic score greater than A1F1

ALT values
<N N-1.5N  1.5N-2N 2N-3N  >3N
Sensitivity (%) 100-98 98-93 93-80 80-54  94-0
Specificity (%) 0-34 34-48 48-65 65-87  87-100

ROC analysis showed that the best theoretical ALT
threshold with the best histologic predictive value is 2.25
times the upper limit of normal, but it implies the overlooking
of 28% of patients with a histologic score greater than A1F1
Metavir. At the same time, among patients with persistently
normal ALT levels, about 26% have a histologic score greater
than A1F1, and a liver biopsy must be taken into
consideration (71).

AST / ALT ratio
Assay of AST levels had a stronger correlation than
ALT with hepatic fibrosis (72). The increase in ALT levels is
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related to mitochondrial dysfunction and to reduced
clearance of AST by hepatic sinusoidal cells. Reversal of
the AST / ALT ratio was reported in patients who progress
from chronic hepatitis to liver cirrhosis and the AST/ALT
ratio of more than 1 had a good predictive value foradvanced
fibrosis or cirrhosis (73). A good correlation with Child—
Pugh’s score, MELD score and monoethylglycinexylidide
(MEGX) was found.

The AST/ALT ratio had also a predictive value. An AST/
ALT ratio greater than 1.16 had 81.3% sensitivity and 55.3%
specificity in identifying cirrhotic patients who died within
1 year of follow-up (73).

Platelet count (PLT)

Trombocytopenia is a valuable marker of advanced liver
disease, but it may be related to many mechanisms:
hypersplenism, myelosuppression by HCV, decreased
trombopoetin production, autoimmune process (74).

Combined assessment of the AST/ALT ratio and PLT
had a high diagnostic value for cirrhosis (Table VII) (73).

Table VII Sensitivity, specificity, PPV and NPV of an AST/ALT
rate of 1 and platelet count < 130 X 10° in the diagnosis of cirrhosis

Variable Sensiti-  Specifi- PPV NPV
vity(%) city(%)

AST/ALT>1 77.8 96.9 99.3 88.7

PLT<130x10° 91.1 88.3 81.2 94.7

AST/ALT >1 or 96.7 86.4 79.8 97.9

PLT <130x10° /mm?

AST/ALT>1 and 72.2 98.8 97.0 86.5

PLT< 130x10°/mm3

Prothrombin index

Prothrombin time as an index that reflects the synthesis
capacity of the liver is one of the earliest indicators of liver
cirrhosis (75). In the HALT-C study, a multivariate logistic
regression model that comprised prothrombin time, PLT,
AST/ALT ratio and alkaline phosphatase was predictive of
cirrhosis. In another study, prolonged prothrombin time
correlated with the presence and size of esophageal varices
(76). Prothrombin time is also a part of different composite
indexes.

Multicomponent indirect fibrosis tests

In order to improve the diagnostic value of different
laboratory tests, several combinations of indirect tests have
been developed (Table VIII).

Two other studies are reported. Fortunato et al (83)
combined the determination of pseudocholinesterase,
fibronectin, prothrombin, ALT, N-acetyl-b-glucosamini-dase,
manganese superoxide dismutase and obtained a correct
classification of cirrhosis in 81% of cases.

Sud et al made use of another combination: age, AST,
HOMA-IR, cholesterol levels and past alcohol use and
revealed an AUC of 0.77 which can identify at least Shener
stage 2 (84).

With the aim of limiting the need for liver biopsy in
patients with chronic hepatitis C, the MULTIVIRC group
developed a panel of biochemical markers that combines six

markers: a2-macroglobulin, haptoglobin, GGT, total bilirubin,
apolipoprotein A1 and ALT with the patient’s age and gender
to generate a measure of fibrosis stage (FibroTest) and of
necroinflammatory grade (ActiTest) of the liver (82).

Table VIII Multicomponent indirect serologic markers for liver
fibrosis (16,17)

Study Serological teste Sensiti- Specifi-
vity(%)  city(%)
APRI (90) AST /platelet count 89 75
PGA (91, 92) Protrombin index 91 81
GGT, apolipoprotein Al 79 89
PGAA (93) Protrombin index, GGT,
apolipoprotein Al o2-
macroglobulin
Forns (94) Age, platelet count, GGT, 94 51
cholestered levels
FibroTest Age, sex, ALT, GGT, bilirubin, 75 85

ActiTest (95) apolipoprotein Al,

a2-macroglobulin, haptoglobin

The choice of these markers was justified by their
significance in liver disease. a2-macroglobulin is an acute
phase protein, that is a feature of HSC activation and as a
consequence is related to hepatic fibrosis (85). It is also a
proteinase inhibitor that can inhibit catabolism of matrix
proteins, enhancing fibrotic process. Haptoglobin is
negatively associated with fibrosis (86). The complex role
of hepatocyte growth factor and TGF-B1 on the synthesis
of these two markers explains the different behaviour of
these proteins (101). GGT is associated with fibrosis and
early cholestasis and an increase of epidermal growth factor
may be the cause of increased GGT levels, parallel with the
stage of fibrosis (87). Apoliprotein Al is trapped in
extracellular matrix and decreases in liver fibrosis (88).

The test has been adopted in many countries including
the USA (as Fibrosure).

Extensive studies have established the reference ranges
of variables in healthy blood donors (104) as well as the
absence of significant intra-individual variation of
biochemical markers (89). Also the inter-laboratory variability
of biochemical markers used for fibrosis or activity
assessment had acceptable limits, without clinical
consequences for the prediction of the stage of fibrosis and
grade of activity (90). The essential requirement in obtaining
comparable results between different centers is to make use
of the same reagent kits and analyzers and to apply the
quality charter which is available at www.biopredictive.com
©1).

By using logistic regression, neural connection and ROC
curves, the authors generated a numerical index that
combines the above mentioned markers that give the
measure of fibrosis stage and necroinflammatory grade (82).

FT-AT is conceived as a continuous linear biochemical
assessment that provides a numerical quantitative estimate
of liver fibrosis ranging from 0.00 to 1.0, corresponding to
the Metavir scoring system or other semiquantitative
scoring system (Table IX).
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Table IX Conversion between FibroTest and fibrosis stage (92)

FibroTest Fibrosis stage estimate

METAVIR Knodell Ishak
0.75-1.0 F4 F4 Fé6
0.73-0.74 F3-F4 F3-F4 F5
0.59-0.72 F3 F3 F4
0.49-0.58 F2 F1-F3 F3
0.32-0.48 F1-F2 F1-F3 F2-F3
0.28-0.31 F1 F1 F2
0.22-0.27 FO-F1 FO-F1 F1
0.00-0.21 FO FO FO

Selecting cut-off values for fibrosis score, the diagnostic
value of FT was established (Table X).

Table X Integrated database with predictive values for significant
hepatic fibrosis according to METAVIR conversion cut-offs (92)

Cut-off used for Metavir Sensiti-  Specifi- NPV PPV

stages conversion vity city
0.21 0.92 0.55 0.94 0.48
0.27 0.87 0.62 0.92 0,51
0.31 0.84 0.68 0.91 0.54
0.48 0.68 0.81 0.85 0.61
0.58 0.56 0.87 0.82 0.67
0.72 0.38 0.95 0.77 0.77
0.74 0.35 0.95 0.76 0.76
0.75 0.33 0.96 0.76 0.78

The FT had the highest value in discriminating
insignificant fibrosis (FO to F1 METAVIR) from significant
fibrosis ( F2 to F4 METAVIR ). The overall sensitivity and
specificity of FT for the correct identification of patients
with METAVIR 2 were 75% and 85%, respectively.

According to preliminary results, by selecting cut-off
values, the authors were able to individualize three
categories of patients: a group with insignificant fibrosis
(FO to F1), a second group with significant fibrosis (F2 to
F4) and a third group of patients who could not be
adequately characterized and in whom biopsy would be
necessary. In this way, the authors concluded that by the
correct identification of the fibrosis stage, the number of
biopsies could be reduced by up to 46% (82).

Further studies carried out by many other investigators
showed that the diagnostic value of FT for consecutive
stages of fibrosis was the same for both moderate and
severe stages (65,92-94).

However, other reports gave less optimistic results: 18%
of the patients with FT < 0.1 unlikely to have fibrosis had
significant fibrosis on liver biopsy and 21% with score of
FT > 0.6 who were likely to have significant fibrosis had
mild fibrosis (95). But a prospective study demonstrated
that 18% of discordances were due to biopsy failure, and
only 2% to FT failure (93) and also the diagnostic value of
FT-AT was established by several independent groups of
investigators (86-97).

In cases with discordant results, the investigators must
take into consideration several situations which could
modify the value of components of FT:

- haptoglobin < 0.30 g/I: hemolysis (malarial attack,
medication causing hemolysis, cardiac prosthesis, genetic
hemoglobin disease);

- haptoglobin > 2,0 g/l or a2-macroglobulin > 4,0 g/I:
acute inflammatory processes;

- bilirubin > 17 mmol / 1, mainly unconjugated: Gilbert
syndrome (the FT score should be calculated with
conjugated bilirubin instead of total bilirubin) ;

- increased total bilirubin and GGT: fibrosing cholestatic
hepatitis, other causes of cholestasis (93).

New studies confirm the value of FT to assess fibrosis
in other liver diseases: viral B hepatitis, alcoholic liver
disease, nonalcoholic fatty liver disease, as a marker of
portal hypertension, and as a prognostic factor for survival.

Conclusions

Despite the development of many biochemical markers,
liver biopsy remains the gold standard for fibrosis
assessment. However, serum markers are particularly useful
in patients at risk for liver biopsy, in situations in which
access to an expert pathologist is limited, for fibrosis staging
with the purpose of deciding therapy or exclude cirrhosis,
in assessing fibrosis in chronic liver diseases that can be
diagnosed without liver biopsy (hereditary hemo-
chromatosis, primary biliary cirrhosis, primary sclerosing
cholangitis) and in monitoring disease progression or
regression (15,16,62).

Synthetizing the available data, a ponderate conclusion
can be formulated: “we may be approaching a time when
serum biomarkers may become an integrated part of the
assessment of patients with chronic liver disease, but
published evidence suggests that these markers are not yet
ready for prime time” (98).
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