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Abstract

Hepatic cirrhosis is a major health problem across the world, causing high morbidity and mortality. This disease has many etiologies, yet the result
of chronic hepatic injury is hepatic fibrosis causing cirrhosis and hepatocellular carcinoma, as the liver's architecture is progressively destroyed. While
liver biopsy is currently the gold standard for fibrosis staging, it has significant disadvantages, leading to a growing interest in non-invasive markers.
Direct biomarkers — hyaluronic acid, laminin, collagen type Il N-peptide, type IV collagen and cholylglycine — are new and rarely applied in routine
clinical practice. This is the case primarily because there is no general consensus regarding the clinical application and effectiveness of the individual
biomarkers. The usage of these markers in routine clinical practice could be advantageous for patients with liver fibrosis, requiring a simple blood
test instead of a biopsy. The former option would be especially attractive for patients who are contraindicated for the latter. This review summarizes
recent findings on direct biomarkers of liver fibrosis and highlights their possible applications and potential benefit for liver fibrosis diagnostics and/

or staging.
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Introduction

Hepatic cirrhosis is a major health problem across
the world, causing high morbidity and mortality.
There are approximately 2 million deaths per year
worldwide from cirrhosis (1). Cirrhosis is the last
stage of liver fibrosis, in which the liver’s architec-
ture is destroyed. This disease has many etiologies,
such as alcoholic disease, non-alcoholic fatty liver
disease (NAFLD), chronic viral hepatitis and choles-
tatic liver disease. Cirrhosis can be prevented by
detection of liver fibrosis at an early stage and be-
fore the beginning of clinical symptoms. The
METAVIR scoring system, which assigns a score
ranging from no fibrosis (FO) to cirrhosis (F4), is the
most commonly used scoring tool in Europe.
While the liver biopsy is the gold standard for fi-
brosis staging, it has significant disadvantages,
such as being a highly invasive procedure; high
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cost; potential complications such as pain, infec-
tion, peritoneal bleeding. Another disadvantage is
that the histological distribution of fibrosis within
liver parenchyma is heterogeneous and the diag-
nosis of fibrosis is based on a 15 mm biopsy speci-
men that reflects only 1/50,000 part of the liver,
thus biopsies from different areas can show differ-
ent stages of fibrosis; histological evaluation strict-
ly depends on the experience of the pathologist
(2). Diagnosis and determination of the stage of
liver fibrosis is crucial both for cirrhosis risk evalua-
tion as well as for its treatment. Non-invasive alter-
natives, such as FibroScan transient elastography,
are widely used to assess fibrosis and steatosis.
While FibroScan is a quick and safe method, there
are some related drawbacks. There is limited ac-
cess to FibroScan devices, especially in lower-in-
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come countries and such an assessment approach
has technical limitations. It is of limited use with
patients who have ascites, large amounts of chest
wall fat, or individuals who are morbidly obese (3).
As a consequence, there has been growing inter-
est in non-invasive markers which may offer ac-
ceptable and cost-effective alternatives for both
the patient and the specialist. This review summa-
rizes recent findings on direct biomarkers of liver
fibrosis and highlights their possible applications
and potential benefit for liver fibrosis diagnostics
and/or staging.

Role of direct biomarkers in hepatic
injury

The extracellular matrix (ECM) is essential for cell
proliferation, migration and differentiation (4). The
ECM'’s secretion starts at the embryonic stage and
is crucial for intrahepatic specification and matura-
tion during liver development and regeneration
(5). The development of hepatic fibrosis starts
when the balance of deposition and removal with-
in the extracellular matrix is disturbed (5). The ECM
is mainly produced by hepatic stellate cells, which
transdifferentiate into myofibroblast-like cells
when injury and inflammation occur in the liver

TasLE 1. The summary of biomarkers relevance in various etiologies

(4). Proteins of ECM- direct biomarkers - are solu-
ble or secreted proteins, whose concentration is
elevated in serum with hepatic fibrosis progres-
sion and decreases when the treatment is started
6,7).

There is growing interest in the clinical application
of five biomarkers in hepatic fibrosis and cirrhosis:
hyaluronic acid (HA), laminin (LN), collagen type llI
N-peptide (PIIIP N-P), type IV collagen (CIV) and
cholylglycine (CG). A summary of their relevance
to various etiologies is outlined in Table 1. Al-
though, there are more biomarkers of interest,
such as matrix metalloproteinase (MMP), tissue in-
hibitor of metalloproteinase | (TIMP-I), transform-
ing growth factor 3 (TGF-B) and others. However,
the markers considered within this review can all
be tested using one straightforward system of
analysis, which could reduce costs for the labora-
tory.

Hyaluronic acid (HA)

Hyaluronic acid is among the most studied direct
biomarkers. K. Meyer and J. Palmer discovered HA
in 1934, in the vitreous of cows’ eyes (8). Unsurpris-
ingly, the first medical application of HA was for
eye surgery. Later its use was extended to various

Biomarker Etiology Relevance Reference
HA HB\{\,IQFCQ/E,)AC, Liver fibrosis stage evaluation by increased HA concentration (12,13,20,21,27,32,33)
HA HBV, HCV, NAFLD Healthy patients screening; differentiation from patients with liver fibrosis (14,16,24,28,30)
HA HBV Monitoring of antiviral treatment (17,18)

LN HCV, HBV Liver fibrosis stage evaluation by increased LN concentration (12,40,41,42,43)
LN HBV Monitoring of antiviral treatment (46)

PIIP N-P HBV, AC Healthy patients screening; differentiation from patients with liver fibrosis (49,50,51)
PIIIP N-P Screening for MTX induced hepatic fibrosis (53,54)

Cclv HCV, HBV Liver fibrosis stage evaluation by increased CIV concentration (41,59)

Cclv HBV, NASH Healthy patients screening; differentiation from patients with liver fibrosis (50)

CG NA Healthy patients screening; differentiation from patients with liver fibrosis (62)

HA - hyaluronic acid. LN - laminin. PIlIP N-P - collagen type Ill N-peptide. CIV - type IV Collagen. CG - cholylglycine. HBV - hepatitis
B virus, HCV - hepatitis C virus. AC - alcoholic cirrhosis. NAFLD - non-alcoholic fatty liver disease. MTX - methotrexate. NASH -

non-alcoholic steatohepatitis. NA - not available.
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medical fields such as dermatology, orthopedics,
and cardiology. Since 1985, HA has been employed
for the differentiation of stages of liver disease.

The HA molecule is a glycosaminoglycan of high
molecular weight, composed of a repetitive se-
qguence of hexuronic and amino sugars with acetyl
groups. In every molecule the number of disaccha-
rides is 2000-25,000, thus molecular weight varies
from 105 to 107 Da. It is one of the most hydrophil-
ic molecules in the human body, binding water
and controlling the hydration of tissues. Hyaluron-
ic acid can be found freely in the lymphatic sys-
tem, in blood circulation, in the ECM and bound to
receptors on cell surfaces (9). It is produced by acti-
vated hepatic stellate cells (HSC) and is the leading
component of the ECM. Hyaluronic acid synthases
synthesize the HA molecules by adding activated
substrate forms to the growing chain, i.e., UDP-
glucuronic acid and UDP-acetylglucosamine (10).
These molecules go through the plasma mem-
brane and are secreted into the extracellular space
(9). The uptake and degradation of HA occur in he-
patic sinusoidal endothelial cells. In healthy liver
serum, concentrations of HA are low as circulating
HA is speedily eliminated from the blood mainly
by the liver, but also by the spleen and kidneys. In
blood the half-life of HA is 2-5 minutes but in a
damaged liver an increasing concentration in se-
rum is observable. This is due to the increased pro-
duction of HA and the decreased hepatic elimina-
tion of HA which is indicative of the fibrosis stage
(7).

In 1994, Gallorini et al., defined the upper limit of
the normal range as 98 pg/l (11). Since then, many
different studies have been conducted on the use
of HA biomarkers in various etiologies of liver fi-
brosis. The newest studies are described in Table 2.
Several studies have been conducted on using se-
rum HA for differentiating fibrosis in patients with
chronic hepatitis B virus (HBV). Li et al. concluded
that the HA concentration in serum significantly
increased depending on the stage of liver fibrosis,
thereby establishing a positive correlation with
the stages of fibrosis (12). Montazeri et al. showed
that the HA in serum is an effective biomarker for
the evaluation of stages of fibrosis in patients who
have HBV infection (13). A 2010 study confirmed
that the serum concentration of HA significantly
increased in HBV infected patients, compared with
healthy individuals (14). Geramizadeh et al. report-
ed that HA concentration is highest in severe fibro-
sis patients with HBV (15). Authors concluded that
HA biomarker can exclude severe fibrosis and cir-
rhosis in HBV patients. Khan et al. showed that the
mean of the serum HA in patients diagnosed with
HBV was almost 10-times higher compared with
the control group of healthy individuals and the
difference was statistically significant (16). In pa-
tients with stage 4 fibrosis there was a significantly
higher HA mean. This study further supports the
proposition that serum HA concentration rises
with the stage of liver fibrosis in patients with
chronic liver disease. Furthermore, in a study of 60
HBV infected patients, who received 12 months of

TasLE 2. Summary of performance characteristics of biomarkers in cirrhotic patients (according to Jothimani et al. (69))

Biomarker NPV, % PPV, % Sensitivity, % Specificity, % 95% CI Cut-off
CG 98 98 97 96 NA NA
HA 93 98 96 97 NA NA
Clv 87 98 92 97 NA NA
PIlIP N-P 86 98 92 96 NA NA
LN 78 95 87 96 NA NA

95% Cl for any of the characteristics (NPV; PPV; specificity; sensitivity). Since 95% Cl values are not available, no reliable conclusions
could be obtained and the given biomarkers results are only indications. NPV - negative predictive value. PPV - positive predictive
value. 95% Cl - 95% confidence interval. NA - not available. CG - cholylglycine. HA - hyaluronic acid. CIV - type IV Collagen. PIIIP N-P
- collagen type Ill N-peptide. LN - laminin.
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entecavir therapy, HA concentration was halved
(17). A 2006 study showed that in children with he-
patic fibrosis caused by HBV infection, who re-
ceived interferon alpha treatment, HA concentra-
tion significantly decreased after 12 months of
treatment (18). These studies support the proposi-
tion that monitoring the concentration of HA is ap-
propriate for assessing the response to HBV infec-
tion treatment.

In 1996, Guéchot et al., reported that HA is an im-
portant biomarker for the indication of cirrhosis in
patients with HCV infection (19). Since then, more
studies have been undertaken on variation in HA
concentrations in patients with HCV. Abd-Elghany
et al. confirmed that the concentration of HA rises
along with the progression of stages of liver fibro-
sis in patients with the HCV infection (20). Another
study confirmed that the concentration of HA in-
creases significantly with the advancing stages of
fibrosis in patients with HCV and with a change in
the histologic activity index (21). These studies
support the proposition that the HA biomarker is
suitable for the differentiation of HCV caused he-
patic fibrosis stages. Furthermore, in patients with
HCV caused cirrhosis, concentrations of HA corre-
late with clinical severity, stiffness of liver and with
the activity of the disease (22,23). McHutchinson et
al. showed that the HA biomarker can be used to
exclude cirrhosis or advanced fibrosis (24). More-
over, in comparisons with the aspartate ami-
notransferase (AST)/platelet ratio (APRI) and the
widely used AAR AST/alanine aminotransferase
(ALT) ratio (AAR) in patients with HCV, HA was the
most effective marker for the diagnosis of fibrosis.
This illustrates the potential of biomarkers to offer
better diagnostic performance in clinical laborato-
ries (25).

Non-alcoholic fatty liver disease is divided into
two types: non-alcoholic fatty liver (NAFL), and
non-alcoholic steatohepatitis (NASH). Both of
these conditions can progress into fibrosis and/or
cirrhosis. According to Mizuno et al, HA is not a
very efficient biomarker to distinguish between
NASH and NAFL in an onset stage (26). Neverthe-
less, Dvorak et al. showed that the concentration
of HA is higher in patients with advanced fibrosis
compared to mild fibrosis (27). The study’s authors

Biochem Med (Zagreb) 2022;32(3):020501

concluded that HA biomarker can differentiate pa-
tients with NASH and/or advanced fibrosis from
those with simple steatosis. Lebensztejn et al. con-
firmed that HA is elevated in children with NAFLD
and can serve to differentiate between patients
with and without fibrosis (28). EIGhandour et al.
proposed that HA could be employed as a direct
biomarker for NASH. The authors found that this
biomarker offered impressive performance in aid-
ing the assessment of a fatty liver (29). Similarly, for
NASH, the diagnostic performance of HA was ex-
cellent. The authors concluded that HA could be
used as an accurate and reliable marker for the di-
agnosis of NASH. Baranova et al. describe a study
of NAFLD related fibrosis, showing that the nega-
tive predictive value (NPV) is much higher than the
positive predictive value (PPV). Therefore, they
maintained, HA can be used to rule out advanced
fibrosis and cirrhosis (30).

Variation in HA concentration has been studied in
other liver fibrosis etiologies. One study found that
the concentration of HA in serum is higher in alco-
holic cirrhosis (AC), non-alcoholic cirrhosis (NAC)
and toxic hepatitis (HT) compared with a control
group (31). A statistically significant difference was
determined between AC and NAC. The study’s au-
thors concluded that the best diagnostic perfor-
mance of HA was in AC. Other studies which meas-
ured the concentration of HA in serum in patients
with AC, confirmed that concentration increased
with the severity of liver fibrosis. Thus, these stud-
ies concluded that this biomarker could be used as
indicator for cirrhosis (32,33).

There is a substantial body of research on the di-
agnostic performance of HA for different etiolo-
gies. However, Plevris et al. showed that analysis of
HA concentration in serum performed indepen-
dently of etiology and can be used for patients
with varying etiologies and severities of liver dis-
ease (34). Overall, there is a high variability not just
between recommended cut-off values among
studies, but also between other statistical param-
eters such as NPV and PPV. Consequently, to
choose a cut-off value in practice is challenging, as
there is no general agreement on which value
should be used, and whether the values should
differ for different etiologies. The variation in rec-
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ommended cut-off values can be explained by the
fact that while choosing the best threshold to
maximize sensitivity or specificity, the accuracy of
one is sacrificed for the other (35). Moreover, to be
able to evaluate biomarker specificity and sensitiv-
ity performance, it is crucial to have 95% confi-
dence intervals (95% Cl). Unfortunately, none of
the conducted studies provide these values. While
many studies have been conducted on the clinical
performance of HA for different etiologies, there is
an absence of strong evidence to prove that HA is
a good diagnostic biomarker.

Laminin (LN)

Laminin was first described by Timpl and Martin
(1979) in murine fibrosarcoma (36). It is a non-colla-
genous glycoprotein which is synthesized by HSC
and deposited in the liver’s basement membrane.
It is a large complex comprised of 3 chains (a1, f1,
y1), of about 850 kDa in total. Receptors of this
molecule are on the surface of many cells: plate-
lets, muscle cells, neutrophils, and hepatocytes.
The molecule’s main functions include: cellular ad-
hesion; binding to collagens and glycosaminogly-
cans as matrix composition; and the maintenance
of cytoskeleton and fibrogenesis mechanisms (37).
In a healthy liver, LN is found around the vessels
and biliary ducts, while in a liver with cirrhosis LN
deposition appears in the space of Disse (36). Con-
sequently, LN elevation in serum can be an indica-
tor of chronic liver injury since architectural chang-
es in liver parenchyma can lead to liver fibrosis.

Sebastiani et al. noted that several HCV studies
have described normal aminotransferase activities
in 25-30% of chronic HCV patients. Thus, indirect
serum markers of fibrosis in chronic HCV patients
reflect changes in hepatic function and not in ECM
metabolism (38). Consequently, a more specific bi-
omarker with greater diagnostic performance is
required. In 1991, Kropf et al. showed that LN can
be used as a screening test for hepatic fibrotic dis-
ease (39). Further studies have shown that in pa-
tients with HBV or HCV infection, LN can be used
to evaluate fibrosis. As damage to liver endothelial
cell function leads to an increase in LN concentra-
tion in serum, there exists a correlation with LN
concentrations and the stage of hepatic fibrosis

https://doi.org/10.11613/BM.2022.020501

(12, 40-42). Hafez et al. showed that LN can be used
for the identification of fibrosis in patients with
HBV, an important finding for patients when biop-
sy is contraindicated (43). El-Saeid et al. illustrated
that in patients with chronic hepatitis B and C
there is a positive correlation between LN and the
stage of liver fibrosis (44).

Yongdi et al., in a 2019 meta-analysis study of LN in
HBV infected patients, showed that elevated con-
centration of LN in serum indicates an increased
risk of liver fibrosis (45). Patients with an elevated
concentration of LN in serum could be closely
monitored and receive early treatment to prevent
the development of liver fibrosis. After six months
of treatment with interferon, adefovir or lamivu-
dine, the LN concentration in serum was observed
to decrease (46). The treatment stimulates the re-
generation of endothelial cells in the liver allowing
new cells to metabolize laminin more effectively.
This research illustrates the potential of employing
laminin as a biomarker to effectively monitor treat-
ment progression.

The majority of studies primarily focus on the di-
agnostic performance of LN in HBV infected pa-
tients. There is a high level of variation across these
studies as regards cut-off values and other statisti-
cal parameters such as NPV and PPV. As is the case
with studies of HA, none of the LN studies provide
95% confidence intervals.

Collagen type Il N-peptide (PIIIP N-P)

In 1979, Rojkind et al. found that in cirrhotic liver
the collagen content is elevated by 4 to 7 times
that found in a healthy liver, with two main types
of collagen present (types | and Ill) (47). Collagen
type Ill N-peptide is one of the largest ECM com-
ponents in the liver. Via the type Ill collagen syn-
thesis, the N-terminal propeptide of procollagen
type Il is removed from procollagen type lll, re-
sulting in the release of this molecule into the
blood (48). This molecule is a component of con-
nective tissue and its concentration in serum rises
in hepatic fibrogenesis.

In early 1988, Zanten et al. evaluated the diagnos-
tic application of PIIIP N-P in alcoholic liver disease
and found that this marker was significantly ele-
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vated in patients with AC (49). Hasan et al. evaluat-
ed the diagnostic accuracy of the PIIIP N-P marker
in patients with chronic HBV (50). The authors eval-
uated biomarker specificity and sensitivity and
concluded that PIIIP N-P could be used to differen-
tiate patients with chronic HBV from healthy indi-
viduals. Tang et al. conducted a clinical trial on se-
rum biomarkers of liver fibrosis in infants with
cholestasis (51). They confirmed that PIIP N-P val-
ues were significantly higher (P < 0.010) in infants
with cholestasis than in healthy individuals. This
study indicated the effectiveness of utilizing PIIIP
N-P in differentiating healthy individuals from
those with hepatic fibrosis. However, Kader et al.
study (with a small sample size) revealed that there
was no significant difference in PIIIP N-P concen-
tration between mild, moderate and severe fibro-
sis in patients with chronic hepatitis B and C (52).
As a consequence, the authors concluded that this
biomarker cannot replace liver biopsy and cannot
be used in differentiating the stage of fibrosis.

In addition, long-lasting methotrexate (MTX) ther-
apy can cause fatty liver, hepatic fibrosis and cir-
rhosis development. Usually, fatty liver and hepat-
ic fibrosis are asymptomatic until cirrhosis is pre-
sent and routine laboratory liver function tests do
not indicate abnormal or significant elevation. Lot-
fy et al. stated that the serum PIIIP N-P biomarker
can detect liver fibrosis and could be used in
screening patients on long term MTX (53). Notably,
the British Association of Dermatologists recom-
mend the use of PIIIP N-P in adults before starting
the MTX treatment for moderate-to-severe psoria-
sis and at 3-month intervals throughout the treat-
ment. Therefore, PIIIP N-P can be used as screen-
ing non-invasive marker for MTX induced hepatic
fibrosis (54).

The expression of PIIIP N-P is restricted to soft tis-
sues and correlates with the number of myofibro-
blasts in fibrotic tissue. Crucially, this marker is not
liver specific; its presence increases with the prog-
ress of other diseases, such as lung fibrosis, acro-
megaly, rheumatoid diseases and chronic pancre-
atitis (55, 56). Recognizing these limitations is im-
portant to understanding this biomarker’s diag-
nostic utility.

Biochem Med (Zagreb) 2022;32(3):020501

Type IV collagen (CIV)

Another molecule, which has aroused interest as
regards the evaluation of liver injury is type IV col-
lagen. This type of collagen is a basement mem-
brane component and reflects its regeneration.
The collagen family is a group of proteins consist-
ing of 28 different types, with a highly stable triple
helix structure including three constituent chains
that have a repetitive core amino acid sequence
(glycine-proline-hydroxyproline) (57). Type IV col-
lagen is present in healthy livers, supporting spe-
cialized polarized cells. It forms a low-density
basement membrane-like matrix along the sinu-
soid, bile ducts and vessels of the portal tract. In
comparison to types | and lll collagens, which are
partly processed proteolytically, CIV remains intact
in the matrix and is composed of six alpha chains
al-6, which form heterotrimers alala2, a3a4a5,
and a5a5a6 (58).

There is limited research on this biomarker’s per-
formance in hepatic fibrosis. In patients with HCV
or HBV infection, the concentration of CIV in-
creased significantly with the stage of fibrosis,
compared with the traditional markers ALT, alka-
line phosphatase (ALP) and bilirubin, which did
not differ significantly (41,59). A 2021 study con-
firmed that CIV has the potential to be used in the
clinical laboratory for the detection of fibrosis in
patients with HBV (50). Mizuno et al. showed that
the expression of the CIV marker is significantly in-
creased in patients with NASH and that it can be a
useful marker in the evaluation of NASH severity
(26).

Cholylglycine (CG)

Another molecule of interest for the evaluation of
liver fibrosis is cholyglycine. Of all markers de-
scribed here, the use of this molecule for the as-
sessment of hepatic fibrosis is the least studied,
with only limited research undertaken. Cholylgly-
cine is synthesized in the liver cells as cholic acid
which is conjugated with glycine and then trans-
ported to the gallbladder for storage via the bile
duct (60). After every meal the gallbladder starts
to contract and CG goes along with the bile into
the small intestine, where it takes part in fat diges-

https://doi.org/10.11613/BM.2022.020501

6



Aleknaviciaté-Valiené G., Banys V.

Biomarkers of liver fibrosis

tion and absorption. Then 95% of the bile is reab-
sorbed by the small intestinal mucosa into the
blood and transported back to the liver. Enterohe-
patic circulation occurs 6-10 times per day (61). The
CG concentration in peripheral blood is normally
very low (< 2.65 mg/L), while in cases of liver dam-
age, CG concentration in blood will increase. In a
cirrhotic liver, the CG concentration in serum is
about 10 to 100 times higher (61).

One of the few studies on CG’s performance as a
biomarker, Tanggo et al., revealed that CG concen-
tration is elevated in patients with acute hepatitis
and liver cirrhosis and could be used in screening
individuals for cirrhosis (62). In a 2020 study, Liu et
al., showed that a reusable optofluidic point-of-
care testing platform could be successfully adapt-
ed for the measurement of CG concentration in se-
rum, with the authors noting that it can offer
quick, easy and early diagnosis (63).

Simultaneous measurement of biomarkers

Li et al. studied the use of simultaneous measure-
ments of HA and LN for identifying significant fi-
brosis (12). They discovered that this approach re-
sulted in better PPV (100%) than when a single bi-
omarker was measured. Seven et al. reported that
simultaneous measurement of HA and TIMP-1
proves a reliable tool for the identification of ad-
vanced stage liver fibrosis induced by HBV, and
can be used to complement information obtained
from a liver biopsy (64). The enhanced liver fibrosis
(ELF) test, measures three direct markers for the
presence and stage evaluation of fibrosis, and pre-
sents a score calculated according to an algorithm.
The markers are HA, PIIIP N-P, and TIMP-1, and
while this test retains the same title, there are
three different formulas of this algorithm (Guha
and two Siemens), which produce highly correlat-
ed results (65). The ELF test enables the detection
of fibrosis and rules out significant fibrosis for a
wide range of etiologies including: NAFLD, HCV,
HBV, MTX induced liver fibrosis, and AC (66,67).
While the ELF test is prognostic and disease-moni-
toring, it is recommended by the National Institute
for Health and Care Excellence for the manage-
ment of non-alcoholic fatty liver disease (68). How-

https://doi.org/10.11613/BM.2022.020501

ever, a recent study shows that while the ELF test is
highly sensitive, it offers limited specificity to ex-
clude advanced and significant fibrosis at low cut-
off values in patients with NAFLD (65). The authors
therefore, concluded that it is important to adopt
suitable test thresholds to achieve the desired per-
formance.

Comparison of five biomarkers

Five hepatic markers of fibrosis - HA, LN, PIINP, CIV
and CG - are new and rarely utilised in routine clin-
ical practice. Snibe Diagnostic is one of the few
manufacturers who offer all five tests of biomark-
ers on one analyser, with the chemiluminescence
immunoassay (CLIA) system — Maglumi.

In 2018, Jothimani et al. performed a comparison
study of these five biomarkers using the Snibe Ma-
glumi analyzer (69). The results indicated that all
the markers’ concentration in serum were statisti-
cally significantly higher in the cirrhosis group
than in the control one (P < 0.001) (Table 2). How-
ever, which biomarker showed the best diagnostic
values is impossible to state since this research is
missing the 95% Cl - a crucial parameter that could
prove that. Moreover, it is important to note that
the lack of 95% Cl is critical since no proper valida-
tion of the results cannot be conducted without it
and no plausible and reliable conclusions could be
obtained. A study by Stefano et al., published in
2021, evaluated all five biomarkers using the Snibe
analyser in patients with NAFLD (70). The study re-
vealed that a CIV concentration above 30 ng/mL
indicated a greater possibility of significant and
advanced fibrosis. It was the only marker with a
statistically significant result, while for other mark-
ers — HA, PlIIP N-P, HA, LN - the chosen cut-off val-
ues did not detect the presence of significant and
advanced fibrosis. Therefore, it appears that CIV
can identify the presence of significant and ad-
vanced fibrosis in patients with NAFLD. Neverthe-
less, in order to employ this approach as part of
routine clinical practice further research is re-
quired.

Biochem Med (Zagreb) 2022;32(3):020501
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Conclusion

Liver fibrosis is an increasingly common global
health problem and its diagnostics remain highly
invasive for patients as there are no biomarkers
with good diagnostic performance for early
screening or even stage evaluation. This review
surveys the analyses of five emerging direct bio-
markers of liver fibrosis, which could potentially re-
place liver biopsy. The main advantages of these
biomarkers are that: drawing blood is less invasive
than a liver biopsy, laboratory tests are easy appli-
cable, tests for biomarkers have good reproduci-
bility and could be performed in most of the labo-
ratories, and allow for the evaluation of the patho-
physiologic progress and processes. However,
there are several disadvantages: most of these
markers do not differentiate between the interme-
diate stages, none of the biomarkers are liver-spe-
cific, results can be affected by comorbidities, and
often they have limited analytical accuracy (10).

There is still no general agreement as to which sin-
gle biomarker or simultaneous measurement of
biomarkers is most suitable for screening or stag-
ing of liver fibrosis. To begin using these biomark-
ers in accurate diagnostics, treatment and preven-
tion of fibrosis in the patients with liver disease,
would require clarity on which biomarker is the
most effective and consensus on cut-off values. At
the moment, HA shows promising results in fibro-
sis stage evaluation and screening, especially in
patients with HBV, HCV and NAFLD. The LN bio-
marker could be effectively used in staging of liver
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