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Abstract

Aim: This study examines the pathological outcomes of chronic liver injuries, with a focus on liver fibrosis.
It emphasizes understanding the structural changes within the liver that may lead to cirrhosis and functional
impairments, crucial for developing targeted antifibrotic therapies.

Methods: Our approach reviews existing literature detailing the use of traditional diagnostic methods—
biochemical and serological tests alongside liver biopsies. Additionally, we evaluate the reliability and efficacy
of non-invasive techniques such as serological test panels and imaging examinations. These methods are
compared to understand their viability as supplementary or alternative diagnostic tools to liver biopsy.

Significance: Liver fibrosis, if unmanaged, can progress to severe conditions such as cirrhosis and
hepatocellular carcinoma, making it vital to understand its progression and treatment options. This study
underscores the need for precise and non-invasive diagnostic tools in the clinical management of liver fibrosis,
providing insight into the progression of chronic liver diseases and potential therapeutic targets.

Conclusion and future perspectives: The research confirms that while liver biopsy remains the definitive
method for stagingliver fibrosis, its risks and limitations necessitate the use of enhanced non-invasive diagnostic
techniques. These methods have shown promising results in accuracy and are critical for broadening clinical
applications and patient safety.

It is recommended that the scientific community continue to develop and validate non-invasive diagnostic
tools. Enhancing the accuracy and reliability of these tools can provide a cost-effective, accessible, and safer
alternative for large-scale screening and management ofliver fibrosis in asymptomatic populations. Additionally,
integrating advancements in radiologic and serological markers can further refine these diagnostic methods,
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improving overall patient outcomes.

Introduction

Hepatic fibrosis emerges as a direct consequence of
chronic liver injury, manifesting regardless of the underlying
cause. This condition typically involves a complex response
where hepatic lobules collapse, fibrous septa form, and
hepatocyte regeneration occurs, leading to nodule formation.
The accumulation of extracellular matrix components in
the liver due to imbalances in their production, deposition,
and degradation marks the severity of this condition, which
can culminate in cirrhosis. This latter stage brings about
significant clinical complications such as portal hypertension
and impaired liver functionality [1].

Historically, hepatic fibrosis was viewed as an
irreversible end stage of liver pathology; however, current
understanding recognizes it as a dynamic process that may
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potentially resolve [2]. This shift underscores the evolving
insights into molecular pathways of fibrogenesis and fibrosis
regression, which illuminate possible targets for therapeutic
intervention. The dynamic nature of fibrosis, coupled with
its reversible potential under certain conditions, provides
a strong impetus for developing precise, non-invasive
diagnostic methods.

The conventional approach to assessing liver fibrosis
includes biochemical and serological tests, as well as critical
histopathological examinations via liver biopsy. While
liver biopsy remains the gold standard due to its direct
assessment of tissue pathology, it is not without limitations.
The procedure is invasive and carries risks such as pain,
bleeding, and potential damage to adjacent organsm [1].
Furthermore, liver biopsy samples only a tiny portion of the
liver, which could lead to sampling errors and variations in

www.clinsurgeryjournal.com m


https://crossmark.crossref.org/dialog/?doi=10.29328/journal.ascr.1001081&domain=pdf&date_stamp=2024-05-14

Non-invasive Serological Markers of Hepatic Fibrosis - Mini Review

interpretation among observers [2]. These challenges have
increased interest in non-invasive methods. These methods
can reliably estimate the level of hepatic fibrosis, enhancing
patient safety and comfort.

This study aims to comprehensively evaluate and
compare traditional and emerging non-invasive diagnostic
methods for hepatic fibrosis. By investigating these methods'
efficacy and reliability, this research seeks to contribute to
the clinical management of liver fibrosis, facilitating early
detection and ongoing monitoring of chronic liver diseases
to improve patient outcomes and reduce the incidence of
severe complications [2].

Stages of hepatic fibrosis

Non-invasive tests for hepatic fibrosis aim to predict the
histologically observed stage of fibrosis. Several standardized
histological assessment systems exist for chronic liver
disease (Knodell, Ishak, Metavir) [1].

The Metavir score for hepatic fibrosis is as follows:
FO: No fibrosis

F1: Portal fibrosis without septa

F2: Few septa

F3: Numerous septa without cirrhosis

F4: Cirrhosis

Patients are typically considered to have significant
fibrosis if their fibrosis score is = F2.

Clinical significance

Non-invasive tests for hepatic fibrosis are primarily used
for staging fibrosis in patients with chronic liver disease.
Typically, these tests are performed on patients with chronic
viral hepatitis during the initial evaluation to determine
the likelihood of advanced hepatic fibrosis. For patients not
successfully treated, subsequent tests are useful in assessing
fibrosis progression. These tests are also used in patients
with other chronic liver diseases, such as non-alcoholic fatty
liver disease and primary sclerosing cholangitis [1,3].

These tests are often used to differentiate patients with
significant fibrosis (F2 to F4) from those with minimal or
absent fibrosis (FO to F1). Many of these tests have been
evaluated in specific populations (often patients with chronic
hepatitis C virus - HCV), which should be considered when
attempting to generalize results to other populations [1,3].

In patients with chronic hepatitis C [3], evaluating fibrosis
progression can be valuable for several reasons:

- The presence of advanced fibrosis (bridging fibrosis
or cirrhosis) guides certain treatment decisions,
including the optimal regimen and duration, and is a
key factor in determining treatment urgency.
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- The approximate time until the development of
cirrhosis can be estimated.

- Patients with cirrhosis require screening for
complications such as hepatocellular carcinoma and
portal hypertension.

Non-invasive testing for hepatic fibrosis can also play a
role in monitoring patients taking medications associated
with chronic liver injury, such as methotrexate [3,4]. In a
study of 24 patients taking methotrexate who had undergone
a liver biopsy, elastography correctly identified 88% of
patients without significant fibrosis, and FibroTest identified
83% of patients with significant fibrosis [4].

There are two general categories of non-invasive
tests for fibrosis: serological test panels and imaging
examinations. Serological tests are widely available.
However, despite considerable progress in improving the
accuracy of serological markers of hepatic fibrosis, they still
cannot replace direct histological analysis. When available,
radiologic measurement of elasticity can be used alone or in
combination with serological testing [1,3].

Usually, a combination of serological tests and transient
elastography (TE) based on ultrasound is used. Combining
tests results in fewer patients with an undetermined fibrosis
score and increased specificity. TE is the most widely used
imaging method as it is widely available and has been
validated in large population studies. Other imaging methods
for evaluating hepatic fibrosis include magnetic resonance
elastography (MRE), acoustic radiation force imaging (ARFI),
and cross-sectional imaging [1-3].

Four commercial serum marker systems have been
extensively validated, viz., FibroTest/FibroSure, Hepascore,
FibroSpect, and the ELF score. In addition, the aspartate
aminotransferase-to-platelet ratio index (APRI) has also
been extensively studied. APRI has the advantage of being
easily calculable using available data from routine laboratory
tests [1,3].

All serum tests have limitations:

* They usually reflect the rate of matrix remodeling,
not deposition, and thus tend to be higher when there
is high inflammatory activity. Conversely, extensive
matrix deposition may go undetected if there is
minimal inflammation.

* Noneofthe markersareliver-specific, and concomitant
sites of inflammation or fibrosis may contribute to
altered serum concentrations.

* Serum levels are affected by clearance rates, which
may be impaired either due to sinusoidal endothelial
cell dysfunction or deficient biliary excretion.

» Thesearesurrogates/substitutes and do not constitute
biomarkers.
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Serological tests

A variety of serologic markers have been evaluated to
predict the degree of liver fibrosis, and to improve predictive
ability, panels have been developed that combine tests for
multiple markers. Overall, studies of different panels suggest
that they have a good ability to differentiate patients with
significant fibrosis (F2 to F4) from those without significant
fibrosis (FO to F1) [5]. A disadvantage of these panels is that
they cannot reliably differentiate between different stages of
fibrosis, and indeterminate results are common (up to 50%
with FibroTest). No panel has yet become the standard for
determination, and its choice is often dictated by local test
availability [1].

Serological markers of liver fibrosis can be broadly
classified in [1,5]:

* Indirect markers reflect changes in liver function but
do not directly reflect extracellular matrix metabolism
(eg platelet count, coagulation marker studies, and
liver aminotransferases).

¢ Direct markers of fibrosis reflect extracellular matrix
turnover. These are represented by procollagen types
I and III, hyaluronic acid, and tissue inhibitors of
metalloproteinase.

In addition to detecting significant fibrosis, test panels
may also be able to monitor the progression of liver fibrosis.
This monitoring over time may be more important than
assessing the stage of the disease at a specific point in time,
because liver fibrogenesis is a dynamic process.

I. Indirect fibrosis marker panels

Interpretation of serum aminotransferase levels,
coagulation parameters, and platelet counts have been used
in clinical practice to predict the presence or absence of
cirrhosis. Several studies have also evaluated the accuracy of
combinations (or ratios) of these measures [1,6]. The most
studied combinations include APRI, FibroTest/FibroSure,
and Hepascore [1].

- APRI Score (AST to platelet ratio index) was originally
described by Wai, et al. [7], being calculated as APRI
= (AST/ Upper limit of normal AST range)/Platelets
(109/L)) x 100) [8].

- FibroTest, FibroSure and ActiTest

FibroTest and FibroSure are identical tests marketed
under different names in Europe and America
respectively. ActiTest is a modification of FibroTest.
These tests were mainly studied in patients with
hepatitis B and C [1,9].

FibroTest involves the evaluation of alpha-2-
macroglobulin, alpha-2-globulin (haptoglobin), gamma
globulin, apolipoprotein A1, GGT (gamma-glutamyl-
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transferase) and total bilirubin [9]. It also takes into account
the age and gender of the patient. The results from the
individual tests are combined and used to classify patients
with mild fibrosis (FO to F1), significant fibrosis (F2 to F4), or
an indeterminate fibrosis stage. The sensitivity for detecting
significant fibrosis is approximately 60% - 75%, and the
specificity is approximately 80% - 90%, respectively [1,9,10].
In a study by Rossi, et al. [11], disease severity was correctly
identified as mild or significant in approximately 46% of
patients.

ActiTest is a modification of FibroTest that includes
ALT (alanine aminotransferase) and reflects both liver
fibrosis and necroinflammatory activity. ActiTest appears
to improve the identification of more advanced fibrosis
associated with histological inflammation [12]. Patients with
chronic hepatitis C treated with pegylated interferon therapy
show improvement in both ActiTest and FibroTest scores
compared to an untreated control group, supporting the
role of this test in monitoring treatment response [9]. The
meta-analysis by Poynard [10] which included a total of 1570
patients concluded that these tests are reliable alternatives
to liver biopsy in patients with chronic postviral hepatitis C.

Hepascore: Hepascore involves a combination of clinical
parameters (age and sex) with laboratory determinations
(bilirubin, GGT, hyaluronic acid, alpha-2-macroglobulin)
[13].

AST/ALT Ratio: The AST/ALT ratio is approximately
0.8 in normal subjects. Some studies have suggested that a
ratio > 1 suggests the presence of cirrhosis [1]. However,
study results were inconsistent, and the clinical utility of this
report for the diagnosis of cirrhosis remains uncertain. The
AST/ALT ratio has also been incorporated into predictive
models in NAFLD patients [1,14].

Other indirect markers: Tests continue to be developed
to detect serological fibrosis, although they have not been
studied as extensively as APRI or FibroTest/FibroSure.

Some of these have been derived for use in specific patient
groups (eg, fibrosis testing in patients with NAFLD).

* FIB-4 index: The FIB-4 Index combines biochemical
values (platelet count, ALT, and AST) and age. It had
good predictive accuracy for advanced fibrosis in
at least two studies involving patients with chronic
HCV and performed better than other serological
markers for predicting advanced fibrosis in patients
with NAFLD It also appears to be useful for predicting
patient outcomes with NAFLD. FIB-4 values have
also been associated with the risk of developing
hepatocellular carcinoma (HCC) among patients who
consume alcohol [1,15]

FIB4 is a simple score that can play a "red flag" role in the
early identification of patients at high risk of advanced liver
fibrosis and their referral to specialized care [16].
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* NAFLD fibrosis score: The NAFLD Fibrosis Score is
another score used to assess the likelihood of fibrosis
in patients with NAFLD. In determining the score, the
patient's age, body mass index (BMI), blood sugar,
aminotransferase values, platelet count, and albumin
are included [17].

* PGAindex: The PGA Index combines the measurement
of prothrombin index, GGT level, and apolipoprotein
Allevel. Ithas been validated in patients with a variety
of chronic liver diseases, but especially in alcohol-
induced liver damage [18].

* Fibrolndex: The Fibrolndex is derived from the
measurement of platelet count, AST, and gamma
globulin. It has been proposed as a marker of
significant fibrosis in chronic HCV. Its accuracy is still
being determined [19].

* Forns idex: The Forns Index takes into account
age, GGT, cholesterol, and platelet count. It has been
studied mainly in HCV patients. It appears to have
similar performance characteristics to those observed
with APRI [20].

* Fibrometer: The fibrometer test involves a
combination of platelet count, prothrombin index,
AST, alpha-2-macroglobulin, hyaluronic acid, urea
(blood urea nitrogen), and age. It performed well in
predicting severe fibrosis in patients with chronic
viral hepatitis but was no better than FibroTest in
predicting severe fibrosis in alcoholic liver disease
[21].

* BARD score: The BARD score was developed to
predict fibrosis in patients with NAFLD. The BARD
score takes into account BMI, the AST/ALT ratio, and
the presence of diabetes [22].

* Proteonomicsandglycomics: Proteinorglycoprotein
patterns can be assessed by mass spectroscopy of
serum samples. These methods represent "surrogate”
markers of fibrosis and the identities of the peaks
are generally not known [1,23]. However, important
correlations have been reported: combining serum
glycomics with FibroTest resulted in a sensitivity for
predicting cirrhosis of 100% and a specificity of 75%

[1].

New markers: Previous experimental data led to the
identification of placental growth factor (PLGF), growth
differentiation factor (GDF), and liver growth factor (HGF) as
crucial in liver fibrogenesis [14].

II. Direct markers of fibrosis

Liver fibrosis results in both qualitative and quantitative
changes in extracellular matrix markers. Potential markers of
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fibrosisinclude products of collagen synthesis or degradation,
enzymes involved in matrix biosynthesis or degradation,
extracellular matrix glycoproteins, and proteoglycans/
glycosaminoglycans [1]. Direct markers of fibrosis can be
divided into:

a. Markers associated with matrix

deposition.

deposition/

b. Markers associated with matrix degradation.

c. Cytokines and chemokines associated with

fibrogenesis.

Panels of direct fibrosis markers: Direct fibrosis
markers have been combined into panels to predict liver
fibrosis. Panels may also include indirect markers of
fibrosis. These panels include FibroSpect II, SHASTA (serum
hyaluronic acid level, serum AST, and albumin level), and
the European Liver Fibrosis (ELF) panel. As with indirect
markers, none has yet evolved as a standard for clinical
practice [1].

FibroSpect II: The FibroSpect Il panel uses a combination
of tests: serum hyaluronic acid, tissue inhibitor of
metalloproteinase-1 (TIMP-1), and alpha-2-macroglobulin.
The combination of these tests reliably differentiates chronic
HCV patients with moderate to severe fibrosis from those
with mild or no fibrosis [1,24].

European liver fibrosis panel: ELF is a proprietary
algorithm that takes into account the level of hyaluronic acid,
the amino-terminal propeptide of collagen type IIl and TIMP-
11[1,24,25].

Specific markers: Direct individual markers
incorporated into serological panels may be associated with
matrix deposition or degradation or maybe cytokines and
chemokines associated with fibrogenesis [1,26].

a. Markers associated with matrix deposition: Several
markers associated with matrix deposition have been studied.
Most are based on the detection of various procollagen
peptides, including type I procollagen carboxy-terminal
peptide, type III procollagen amino-terminal peptide, type I
and type IV collagen, laminin, hyaluronic acid, and YKL-40
(chondrex) [1,27].

- Procollagen 1 carboxyterminal peptide (PICP):
PICP levels are increased in patients with cirrhosis. In
patients with alcoholicliver disease, PICP levels are not
as accurate as collagen type IV or procollagen amino-
terminal peptide type III (PIIINP) levels for detecting
the presence of cirrhosis, quantifying disease severity,
and indicating the presence of associated alcoholic
hepatitis [26,27].

- Procollagen III N-terminal peptide (PIIINP): PIIINP
levels are increased in acute and chronic liver diseases
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and correlate with serum aminotransferase levels in
patients with active hepatitis and with serum bilirubin
levels in those with cirrhosis [26,27].

- Type I and Type IV collagen: Type I collagen levels
are increased in all types of liver fibrosis. Type I
collagen messenger RNA (mRNA) levels are increased
60- to 70-fold in activated hepatic stellate cells. In
patients with chronic liver disease, serum levels of
type I collagen are increased and correlate with the
fibrosis score, but not with the inflammatory activity
score [28].

Serum levels of type IV collagen are increased in patients
with chronic liver disease compared with normal controls.
Type IV collagen is located in the basement membranes of
blood and lymphatic vessels and bile ducts, around nerve
axons, and in perisinusoidal spaces. One hypothesis suggests
that increased levels may reflect the capillarization of the
perisinusoidal wall observed in liver fibrogenesis [28,29].

- Laminin: Laminin is a non-collagenous glycoprotein
synthesized by hepatic stellate cells and deposited
at the level of the hepatic basement membrane. In
chronicliver injury, basement membrane components,
especially laminin, are increasingly deposited around
the vessels, in the perisinusoidal spaces and portal
system. Laminin appears to be superior to PIIINP,
but not as faithful compared to type IV collagen, in
predicting the fibrotic stage in chronic viral hepatitis.
Serum levels of laminin and the pepsin-resistant
fragment of laminin (laminin P1) are increased in
patients with chronic alcoholic liver disease and viral
hepatitis, which may reflect increased perisinusoidal
fibrosis. Serum laminin levels correlate with the
severity of fibrosis and hepatitis, Child-Pugh score,
hepatic venous pressure gradient, and complications
of liver cirrhosis. Alcohol withdrawal has been
associated with areduction in laminin levels. However,
a response to HCV treatment is not always associated
with normalization of serum laminin levels [1,30,31].

- Hyaluronic acid: Hyaluronic acid, a
glycosaminoglycan synthesized by hepatic stellate
cells and degraded by hepatic sinusoidal cells, is a
component of the extracellular matrix. High levels
of hyaluronic acid in patients with liver disease
(especially those with cirrhosis) have been linked
to impaired sinusoidal endothelial cell function and
reflect increased fibrogenesis. Increased levels of
hyaluronic acid correlate with liver inflammation and
fibrosis in alcoholic liver disease and with fibrosis in
patients with chronic hepatitis B or C virus, NAFLD.
A reduction in hyaluronic acid levels was observed
in HCV patients who had a biochemical response to
interferon monotherapy. Additionally, reduced levels
of hyaluronic acid correlated with an improvement in
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fibrosis, while increased levels were associated with
worsening fibrosis. Serum hyaluronic acid levels have
the highest predictive accuracy for advanced fibrosis
[1,30,31].

- YKL-40 (chondrex) /Chitinase-3-like protein
1-CHI3L1: Is a glycoprotein of 38 kDA. Its function is
unknown, but its expression pattern in certain tissues,
such as the human liver or cartilage, suggests a function
in extracellular matrix remodeling or degradation.

Immunohistochemical staining of fibrotic liver tissue
demonstrated YKL-40 in areas of fibrosis and particularly
in areas of active fibrogenesis. Serum levels of YKL-40 are
increased in patients with alcoholic liver disease, especially
those with alcoholic hepatitis. Serum levels are significantly
correlated with the degree of liver fibrosis and the plasma
level of hyaluronic acid. Elevated serum levels have also been
described in patients with posthepatic causes of cirrhosis.
YKL-40 increase correlates with the degree of liver fibrosis
[32,33].

b. Matrix metalloproteinases (MMPs): Are enzymes
thatplay an importantrole in the degradation and remodeling
of the extracellular matrix (ECM), capable of degrading and
reorganizing ECM components, including collagen, elastin,
and other extracellular proteins, thus contributing to
physiological and pathological processes. MMPs are in turn
inhibited by tissue inhibitors of metalloproteinases (TIMP)

[1].

The observation that MMPs are expressed in liver lesions
suggests that degradation of the normal liver matrix may
contribute to the pathogenesis of liver fibrosis. The three
most important MMPs are MMP-2 (gelatinase-A), MMP-3
(stromelysin), and MMP-9 (gelatinase-B). However, studies
looking to see if MMP-2, MMP-3, or MMP-9 levels correlate
with liver fibrosis have been inconclusive [1].

Matrix metalloproteinase-1 (MMP-1): Also known
as interstitial collagenase or fibroblastic collagenase has a
role in the regression of liver fibrosis in rodents. However,
in humans, MMP-1 is known to increase tissue fibrosis in
non-alcoholic steatohepatitis (NASH), suggesting that MMP-
1 might contribute to liver repair and regeneration. Matrix
metalloproteinase-8 (MMP-8), also known as collagenase-2,
is considered to be a hallmark of liver cirrhosis in alcoholics.
The activity and concentrations of MMP-8, along with MMP-
2 and MMP-9 have been reported to be elevated in patients
with liver cirrhosis [34].

Matrix metalloproteinase-2 (MMP-2): Also known as
gelatinase A, is involved in extracellular matrix remodeling.
MMP-2 is secreted as a proenzyme and activated by
membrane-type MMPs (MT-MMPs), such as MT1-MMP. In
liver fibrosis, MMP-2 is highly expressed in myofibroblasts
and is thought to have a profibrogenic role [34].
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Matrix metalloproteinase-9 (MMP-9): Also known
as Gelatinase-B [35], is expressed by leukocytes in liver
ischemia and reperfusion injury. MMP-9 is a multifaceted
metalloproteinase that has a role in impairing liver
regeneration. MMP-2 activity is inversely proportional to
MMP-9 activity. Lack of MMP-2 also leads to spontaneous
leukocyte infiltration into the liver and enhanced MMP-9-
dependent leukocyte transmigration in vitro and after liver
reperfusion injury.

Matrix metalloproteinase-3 (MMP-3): Also called
stromelysin-1, is known for its degrading activity against
collagens, proteoglycans, fibronectin, laminin, and elastin,
thereby regulating matrix remodeling. MMP-3 plays a
vital role in the activation of MMP-1, MMP-7, and MMP-9,
explaining the involvement in connective tissue remodeling
[34].

TIMP-1 and -2 - TIMP-1 and -2: Inhibit matrix
degradation, which may promote fibrosis progression.
Studies of explanted livers from liver transplant patients
have demonstrated increased hepatic expression of TIMP-1
and -2 in patients with sclerosing cholangitis, biliary atresia,
PBC, and autoimmune hepatitis. In patients with chronic HCV,
serum levels of TIMP-1 and -2 were significantly correlated
with histological activity index and fibrosis, respectively
[1,3,5,34,35].

C. Cytokines and chemokines associated with liver
fibrosis: Several cytokines have been identified as having
a role in liver fibrogenesis, some of which may be useful
clinical markers of liver fibrogenesis. These include the
growth factors TGF-alpha, TGF-beta, and platelet-derived
growth factor (PDGF) [1].

TGF-alpha: TGF-alpha is a potent stimulator of normal
and neoplastic hepatocyte mitosis. In addition, TGF-alpha also
appears to have an essential role in hepatocarcinogenesis.
TGF-alpha levels are elevated in cirrhotic patients and
correlate with bilirubin and Child-Pugh classification,
suggesting that they are closely related to the severity of liver
dysfunction [1,36,37].

TGF-beta: TGF-beta is the dominant stimulus for
extracellular matrix production by hepatic stellate cells.
Hepatic TGF-beta mRNA levels are increased in chronic liver
disease in association with increases in type [ collagen mRNA
levels. Serum levels of total and biologically active TGF-beta
are increased in patients with HBV-associated chronic liver
disease, compared to controls, and correlate with fibrosis
scores [1,36,37].

PDGF: PDGF is upregulated following liver injury, and
PDGF levels are correlated with the severity of liver disease.
PDGF is a growth factor that promotes the division and
proliferation of hepatic stellate cells [1, 36,37].

Combined tests

The use of multiple serologic panels or the combination
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of serologic panels with imaging studies may improve the
ability to accurately assess a patient's degree of fibrosis.
Furthermore, it is possible to improve the diagnostic
performance of these panels if they are gradually used in
combination [1].

Perspectives

Some of the experimental serum markers, especially
those that are liver specific, combined with new imaging and
physical techniques [38] could create an almost biopsy-free
diagnostic scenario in the future.

Author contributions: The authors contributed equally
to this work.
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