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Summary To assess liver ﬁbrosis, we evaluated automated serum hyaluronic acid (HA) measurement alone or included in the Hepascore in 130 patients with different chronic liver diseases
(CLD). We confronted HA with Fibrotest, and, when available, with transient elastography
(Fibroscan) and liver biopsy used for liver ﬁbrosis diagnosis. HA was the only biomarker showing difference between ‘‘advanced ﬁbrosis’’ and ‘‘cirrhosis’’, Hepascore and Fibrotest being
signiﬁcantly different only between the groups ‘‘cirrhosis’’ and ‘‘lack of ﬁbrosis’’ deﬁned by
Fibroscan or by biopsy. For cirrhosis, HA less than 65 ng/mL correctly identiﬁed non-cirrhotic
patients in 96% of the cases while HA greater than 175 ng/mL correctly identiﬁed cirrhotic
patients in 81% of the cases. For ﬁbrosis, the cut-off of 115 ng/mL showed a positive predictive
value of 90%. Here we demonstrate that HA alone or included in Hepascore reveals a good
ability to detect all stages of CLD, especially to exclude cirrhosis from advanced ﬁbrosis. HA
assay might be used to evaluate liver ﬁbrosis in complement to other non-invasive diagnostic
markers.
© 2011 Elsevier Masson SAS. All rights reserved.
Résumé Aﬁn d’évaluer le degré de ﬁbrose hépatique, nous avons testé la détermination
automatisée quantitative de l’acide hyaluronique (AH) seul ou inclus dans l’Hépascore chez
130 patients atteints de différentes hépatopathies chroniques. Nous avons confronté les données obtenues avec les résultats du Fibrotest, du Fibroscan et de la biopsie hépatique
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disponibles. L’AH était le seul biomarqueur qui montrait une différence signiﬁcative entre le
groupe « cirrhose » et celui de « ﬁbrose avancée » ; les autres biomarqueurs donnaient une différence signiﬁcative uniquement entre les groupes « cirrhose » et « sans ﬁbrose », déﬁnies par le
Fibroscan ou la biopsie. Pour la cirrhose, une détermination d’AH inférieur à 65 ng/mL identiﬁe
correctement les patients non cirrhotiques dans 96 % des cas. En revanche, l’AH supérieur à
175 ng/mL identiﬁe correctement les patients cirrhotiques dans 81 % des cas. Pour la ﬁbrose, le
cut-off de 115 ng/mL donnait une valeur prédictive positive de 90 %. Dans cette étude nous
montrons que l’AH seul ou inclus dans l’Hepascore possède de bonnes performances diagnostiques pour les différents stades des maladies hépatiques chroniques, spécialement pour
différentier la cirrhose de la ﬁbrose avancée. Le dosage de l’AH a sa place comme un test non
invasif d’évaluation de la ﬁbrose en complément d’autres tests biologiques diagnostiques des
hépatopathies chroniques.
© 2011 Elsevier Masson SAS. Tous droits réservés.

Introduction
Chronic liver diseases (CLDs) represent a major factor of
morbidity and mortality worldwide. These diseases are most
frequently caused by chronic viral infection (HCV, hepatitis
C virus, and HBV, hepatitis B virus), alcoholic abuse, and
metabolic disturbances (NAFLD, non-alcoholic fatty liver
disease) [1,2]. Life-threatening complication of most CLD
is the hepatic ﬁbrosis. The end stage consequence of ﬁbrosis is cirrhosis with symptoms like portal hypertension, liver
failure and a ﬁnal evolution to hepatocellular carcinoma.
Liver ﬁbrosis is deﬁned by excessive non-speciﬁc accumulation of altered extracellular matrix (ECM). Fibrosis leading
to cirrhosis can accompany any CLD that is characterized
by the presence of hepatobiliary inﬂammation. There are
major achievements in the understanding of its pathogenesis, with the hepatic stellate cell activation and proliferation
playing a central role in the response to a tissue injury [3],
and contributing to the misbalance between ﬁbrogenesis
and ﬁbrolysis. This, combined with the decreased clearance from the circulation as a consequence of perisinusoidal
ﬁbrosis, leading to blood shunting bypassing the liver, are
the major pathways to elevate the blood concentration of
ECM components, e.g. collagen fragments, hyaluronan and
laminin, in CLD. A clear diagnosis and staging of liver ﬁbrosis
is of paramount importance, as it is directly connected to
the prognosis and the subsequent management of the CLD.
Liver biopsy has long been considered the gold standard for liver ﬁbrosis assessment although its limitations are
largely known (potential morbidity and mortality, sampling
error, inter-observer variability, and higher cost) [4—8].
Recently, non-invasive serum biomarkers and measurement
of liver stiffness by transient elastography [9] have been proposed and investigated as non-invasive assessment methods
for liver ﬁbrosis diagnosis. Several groups [10—12] have studied these non-invasive methods for their ability not only to
diagnose liver ﬁbrosis but also to differentiate its stages and
to monitor the response of the ﬁbrotic changes to treatment.
Serum markers are generally divided into two main
groups, i.e. indirect and direct [13,14]. Indirect biomarkers are correlated to the functional alterations of the
liver; they are biochemical parameters measurable in the
peripheral blood that indirectly reﬂect liver damage (e.g.
clotting factors, platelets, cholesterol, bilirubin, transaminases, triglycerides, haptoglobin). In order to increase their
diagnostic performances, a combination of different indirect

biomarkers in sequential algorithms have been developed
and validated, among which FibrotestTM [15—17] is the most
popular one.
Direct biomarkers are deﬁned as serum components having a direct relation to the mechanism of ﬁbrogenesis,
either as secreted matrix-related components of activated
hepatic stellate cells and ﬁbroblasts or as mediators of
ECM synthesis or turnover (e.g. hyaluronan, laminin, type
IV collagen, matrix metalloproteinase-2, tissue inhibitor of
metalloproteinase-1, and amino-terminal peptide of procollagen III) [18—22]. They reﬂect primarily the metabolism of
ECM and the speed of ﬁbrogenesis. Most of them, however,
are parameters that are not routinely determined in the
laboratory.
One of the most investigated direct biomarker is
the hyaluronic acid (HA). Hyaluronan is an unbranched
glycosaminoglycan, a single chain of polymers of disaccharide units containing N-acetylhexosamine and hexose,
with molecular weight of 104 —106 daltons. HA is widely
distributed in the ECM of different tissues, and is physiologically degraded by the hepatic sinusoidal endothelial cells; in
the liver it is mostly synthesized by the stellate cells [22,23].
HA is one of the direct markers of liver ﬁbrosis along with
other glycoproteins, the collagen family, the collagenases
and their inhibitors and a number of cytokines. Serum levels
of HA are directly linked to the modiﬁcations in ECM turnover
during ﬁbrogenesis due to higher production by the activated
stellate cells, and reduced degradation by the sinusoidal
endothelial cells as a consequence of perisinusoidal ﬁbrosis
and blood shunting bypassing the liver [22,23].
HA serum determination can be used alone or in combination with other direct or indirect markers of liver
ﬁbrosis. It is included in different logarithmic scores like
European Liver Fibrosis (ELF) [21], Fibrometer [22] and
Hepascore [24]. HA has been extensively studied in viral
hepatitis [25—28] while few studies are available in other
etiologies. Serum concentration of HA was found consistent with stage of ﬁbrosis and with a response to interferon
therapy.
The main disadvantage of the direct ﬁbrosis serum markers is that the methods for their measurement are diverse
and all very laborious (radioimmunoassay, RIA or immuneenzyme methods, ELISA) and that it is difﬁcult to investigate
the inter-laboratory reproducibility.
Recently, a new HA detection reagent (HA LT detection
reagent, Wako, Osaka, Japan) was developed using the latex

Automated quantiﬁcation of serum hyaluronic acid
agglutination method that made it possible its application to
general clinical chemistry analyzers.
For several years now, an algorithm for liver ﬁbrosis
evaluation in CLD is established in our hospital; it consists
of non-invasive serum biomarkers determination, i.e. the
Fibrotest score, and liver stiffness measurement by transient
elastography, Fibroscan. Fibroscan is a patented device composed of an ultrasound transducer detecting the transmitted
vibrations through the underlying hepatic tissue. The measurement of the wave propagation and its velocity is directly
linked to the liver stiffness which reﬂects the liver ﬁbrosis. Results range from 2.5 to 75 kPa and there are already
established cut-off values for presence of signiﬁcant ﬁbrosis (> 7.6 kPa) and cirrhosis (> 14.1 kPa) [10—12]. When the
two non-invasive techniques give a discordant result, a liver
biopsy is performed.
The aim of this study was to evaluate serum HA level
alone or included in Hepascore in different CLD. These biochemical markers were confronted with the Fibrotest, and,
when available, with transient elastography (Fibroscan) and
liver biopsy.

219

Statistical analysis
Graphpad Prism® software was used for data analysis with
one-way ANOVA and Bonferroni’s Multiple Comparison test
and non-parametric correlation (Spearman test). The sensitivity of the test is deﬁned as its ability to identify the
patients with cirrhosis, the speciﬁcity as the ability of the
test to identify the patients without cirrhosis, the positive
predictive value (PPV) is the value of a given measurement
or higher to indicate cirrhosis, the negative predictive value
(NPV) is the value of a measurement or lower than that
shown to exclude the presence of cirrhosis.

Results
Analytical performances of the hyaluronan
measurement by immunoturbidimetry
The analytical performances of the method of latex agglutination that are declared by the manufacturer and those
found in our laboratory are summarized in Table 1.

Patients and methods
Correlation between HA, HS and FT
Patients and study design
Criteria of inclusion: 131 patients with different CLD at
different disease stages were included over the period of
October 2009 to February 2010. The ﬁbrosis stage was
assessed by Fibrotest and Fibroscan; when these two noninvasive techniques gave a discordant result or when liver
stiffness measurement failed, a liver biopsy was performed.
The patients had a regular follow-up for a CLD in the Clinic
of Gastroenterology and Hepatology, Erasme Hospital, Brussels. One patient was excluded because of a multiple organ
failure. Sixty-six patients presented a viral hepatitis (59 HCV,
8 HBV and 5 co-infections) and 57 suffered from a non-viral
CLD (alcoholic liver disease, non-alcoholic fatty liver disease or mixed pathology). Ninety-eight had a concomitant
transient elastography (Fibroscan) performed and 69 had a
concomitant liver biopsy.

Laboratory measurements
Serum HA levels were measured by latex-sensitized immunoturbidimetry (Hyaluronic acid LT, Wako Chemicals GmbH,
Neuss, Germany) using a Hitachi 917s.
An analytical study, including evaluation of the imprecision from between-run CV and interference with
hemoglobin, free bilirubin and triglycerides were conducted. For the other test performances, the analytical
results from the manufacturer were taken into consideration.
The following direct and indirect hepatic biomarkers are
included in the scores calculated in this study:
• Hepascore: bilirubin, ␥ glutamyl transferase (␥GT),
␣2macroglobulin, HA, age, sex;
• Fibrotest: bilirubin, ␥GT, haptoglobin, ␣2macroglobulin,
apolipoprotein A-I, age, sex.

The correlation between HA, HS and FT calculated according to Spearman analysis for every data pair is presented in
Table 2. The correlation between HS and FT for all patients
(n = 130) was better than that between HA and FT (r = 0.764
vs r = 0.605). The correlation between HS and FT analyzed
separately for viral CLD (n = 66) and non-viral CLD (n = 57)
was not signiﬁcantly different (r = 0.706 for viral CLD vs
r = 0.740 for non-viral CLD).

Correlation between HA alone or included in HS
and FT
Relationship between plasma HA concentration (alone or
included in HS) and FT was evaluated. Different cut-offs for
Fibrotest were used according to the literature [15—17] to
divide the patients in different disease stages that correspond to the histological classiﬁcation of Metavir (Table 3).
The distribution of the obtained results for HA and HS is
shown in Fig. 1. There was a signiﬁcant difference between
the results of HA in patients with ‘‘cirrhosis’’ (FT > 0.75) and
‘‘mild ﬁbrosis’’ (0.15 < FT < 0.5) or ‘‘no ﬁbrosis’’ (FT < 0.15).
When data obtained with Hepasore were analyzed, there
was a statistically signiﬁcant difference between all pairs of
groups.

Correlation between HA serum concentration
(alone or included in HS), FT, and the results
obtained by Fibroscan, used as reference method
for ﬁbrosis assessment
A Fibroscan was realized for 98 patients and allowed us
to divide those patients in four categories according to
established cut-off values [10—12]: less than 7.6 kPa for
‘‘without ﬁbrosis’’, between 7.7 and 9.5 kPa for ‘‘mild ﬁbrosis’’, between 9.6 et 14.1 kPa for ‘‘advanced ﬁbrosis’’, and
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Table 1

Analytical performances of the automated quantitative latex method measurement of HA.

Expected normal values
Quality control set ready-for-use
Inferior detection limit
Linearity
Within-run precision
Between-run precision
Interference study in presence of
Hemoglobin

Wako Chemicals

Erasme

23 ± 17 ng/mL
Should produce ± 20% of target
value
5.8 ng/mL
Up to 1000 ng/mL
< 4.3%
< 5.3% (at three levels)

21.2 ± 12.1
Produced ± 2% of target value

97.9%

Bilirubin

95.5%

Triglycerides

ND

Other endogenous substances (ascorbic acid,
EDTA-2Na, sodium citrate, ammonium
oxalate, NaF)
Correlation between latex method and ELISA,
society ‘A’ (n = 133)
Correlation and comparison between serum and
plasma samples (n = 36)

NA
NA
ND
0.56 < CV < 2.66% (n = 10)
97% (Hemolysis index = 174,
n = 1)
99.4% (Icterus index = 27, n = 1
bilirubin 24 mg/dl)
98.6% (Lipemia index = 467,
n = 1 triglycerides 1031 mg/dl)
ND

93—105%

r = 0.995
y = 1.004x + 1.979
r = 0.998
y = 1.013x + 0.275

ND
ND

NA: not applicable; ND: not done.

greater than 14.1 for ‘‘cirrhosis’’. The distribution of the
results obtained for HA, HS, and FT is shown in Fig. 2. When
transient elastography was considered as the method of reference, HA was the only biomarker that showed difference
between ‘‘advanced ﬁbrosis’’ and ‘‘cirrhosis’’, Hepascore
and Fibrotest being signiﬁcantly different only between the
lowest, ‘‘without ﬁbrosis’’, and the highest, ‘‘cirrhosis’’,
Fibroscan score group.

Correlation between HA serum concentration,
alone or included in HS, FT, and the results
obtained by liver biopsy, used as reference method
for ﬁbrosis assessment
The distribution of the results obtained for HA, HS, and FT
in different ﬁbrosis groups deﬁned by the histology result
is shown in Fig. 3. When results were analyzed using the
biopsy as the reference method, a signiﬁcant difference
was demonstrated for HA for the group of cirrhosis compared with each of the other groups while the results of
HS and FT showed differences only between ‘‘cirrhosis’’
(F4) and ‘‘lack of ﬁbrosis’’ (F1) (Fig. 3A). When patients
were merged into two main groups: ‘‘no/mild ﬁbrosis’’

Table 3

Table 2

HS
FT

Correlation between HS and FT.
HA

HS

0.8 [95% CI
(0.8—0.9)]
0.605 [95% CI
(0.4791—0.7064)]

0.764 [95% CI
(0.6791—0.8292)]

(F0-F1) and ‘‘advanced ﬁbrosis/cirrhosis’’ (F2-F3-F4), signiﬁcant difference was observed with each of the three
methods studied, i.e. HA, HS, and FT. Nevertheless, the
results of HS and FT appeared more signiﬁcantly different
(P < 0.001) than HA alone (P < 0.05) (Fig. 3B).
The results of the measurement of HA, HS and FT in the
patients with NAFLD (Fig. 3C) showed the same trend as in
the patients with alcoholic or viral CLD.

Sensitivity, speciﬁcity, positive predictive value
(PPV) and negative predictive value (NPV)
In order to evaluate if HA level was able to predict the presence or the absence of cirrhosis we applied three cut-offs of

Patients distribution according to Fibrotest using Metavir classiﬁcation.

Metavir
Fibrotest
Number of patients

Without ﬁbrosis

Mild ﬁbrosis

Signiﬁcant ﬁbrosis (few septa: F2,
septal ﬁbrosis: F3)

Cirrhosis

F0
< 0.15
18

F1
< 0.5
48

F2-F3
< 0.75
34

F4
> 0.75
30

Automated quantiﬁcation of serum hyaluronic acid
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Figure 1 Results for HA and HS in function of ﬁbrosis stages deﬁned by FT values. The graphs represent the minimum, the maximum
and the line of mean. The tables below the graph show the mean per group.

Figure 2 HA, HS and FT results in function of Fibroscan results and following ﬁbrosis stages. The graphs show ‘‘Box & Whisker
plot’’ with [10—90] percentile and the line of median. The points outside the boxes represent the outliners.

values between 65 and 175 ng/mL according to other published data [20,26] and determined the predictive values
for these various HA levels (Table 4). For example, each
value of HA greater than 65 ng/mL was considered as ‘positive’ (presence of cirrhosis) and each value of HA less than
65 ng/mL was considered as ‘negative’ (absence of cirrhosis). As seen in Table 4, a negative determination for serum
HA (< 65 ng/mL) correctly identiﬁed non-cirrhotic patients
96% of the time. In contrast, a positive determination of
HA greater than 175 ng/mL correctly identiﬁed cirrhotic
patients in 81% of the cases, the other assessed cut-offs giving an insufﬁcient VPP. The best sensitivity (90%), deﬁned
as the ability of the test to correctly identify patients with
cirrhosis, was obtained when the cut-off of 65 ng/mL was
applied. The best speciﬁcity (96%), deﬁned as the ability of
the test to correctly identify patients without cirrhosis, was
found with the cut-off of 175 ng/mL. When the cut-off of
115 ng/mL was applied, the speciﬁcity was 92%. Finally, the
accuracy of HA measurement was calculated to be 77% for
the cut-off of 65 ng/mL, and 88% for both of the other two
cut-offs.
We also aimed at ﬁnding out what is the capacity of
hyaluronan measurement to predict the presence or the
absence of signiﬁcant ﬁbrosis. We merged the results into

two groups, F0-F1 and F2-F3-F4, following Metavir classiﬁcation and Fibrotest distribution that have already been
validated [15—17]. The cut-off of 115 ng/mL showed better
performances to correctly identify the absence of ﬁbrosis
than its presence; 90% of the patients with HA value greater
than 115 ng/mL had signiﬁcant ﬁbrosis but within the ﬁbrotic
patients only 43% showed HA level greater than 115 ng/mL.
The same analysis was performed for Hepascore. Following recently published data [29], three cut-offs were
applied. Hepascore less than 0.75 could exclude cirrhosis
with a sensitivity of 86% and a NPV of 96%. For signiﬁcant
ﬁbrosis diagnostic, the optimal cut-off was 0.5, with a sensitivity of 78%, a speciﬁcity of 82%, a PPV and a NPV of 80%.
Furthermore, when Hepascore was less than 0.25 signiﬁcant
ﬁbrosis could be excluded with a sensitivity of 95% and a NPV
of 93%.

Discussion
With the present study, our objective was to evaluate the
analytical and diagnostic performances of the HA measurement by the automated latex method of Wako Chemicals in
different chronic hepatic diseases.
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Figure 3 HA, HS and FT in viral or alcoholic liver disease patients (n = 55) and in patients with NAFLD (n = 13) with biopsy. The
graphs show the mean ± SEM for every group. The table shows the mean per group. A. Mean hyaluronic acid (HA) concentration
(ng/mL) in log10 , Hepascore, HS and Fibrotest, FT for the ﬁve groups of patients according to the stage of ﬁbrosis (F0 ‘‘no ﬁbrosis’’,
F1 ‘‘mild ﬁbrosis’’, F2 ‘‘portal ﬁbrosis’’, F3 ‘‘bridging ﬁbrosis’’, and F4 ‘‘cirrhosis’’). B. The same patients as in (A) merged into
two main groups, ‘‘no/mild ﬁbrosis’’ (F0-F1) and ‘‘advanced ﬁbrosis/cirrhosis’’ (F2-F3-F4). C. HA, HS and FT according to ﬁbrosis
stages of Brunt’s histological classiﬁcation: G1S0-S1 (focal ﬁbrosis), G1S2-S3 (focal and periportal ﬁbrosis with or without bridging),
S4 (steatocirrhosis).

Our investigation of the analytical performances of Wako
immunoturbidimetry assay was not exhaustive; nevertheless, we agree with the declared performances by the
manufacturer and with a recent publication over a greater
patients’ cohort [30].
There are several studies investigating the diagnostic
value and clinical utility of serum HA [20—29,31—33]. These
studies, focusing on different pathologies, showed interesting perspectives; however, some of them gave no precision
over the prospective or retrospective character of the study,
the result of the hepatic biopsy, or the patients cohort

(consecutive or not). Furthermore, these studies used
different non-automated methods for hyaluronan measurement, various cut-offs, and the diagnostic performances
found were variable, which could be explained by a interlaboratory variability. A recent multicentric study [29] in
512 chronic HCV patients based on automated HA measurement and Hepascore calculation has demonstrated that from
one serum sample, a non-invasive index of liver ﬁbrosis that
accurately predicts liver ﬁbrosis can be totally automated
using a single analyzer. We also conﬁrm, even if our cohort
is heterogeneous and smaller, that this immunoturbidimetric

Automated quantiﬁcation of serum hyaluronic acid
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Table 4 Predictive values for cirrhosis and ﬁbrosis for different values of HA and HS applying FT (n = 130) or biopsy (n = 55) as
reference methods.
Cut-off

PPV
a

Hyaluronic acid (ng/mL)
Cirrhosis
65
115
175
Fibrosisb
65
115
Hepascore
Cirrhosis
0.75
Fibrosisb
0.25
0.50

NPV
a

Sensitivity

Speciﬁcity

Accuracy

FT (%)

LB (%)

FT (%)

LB (%)

FT (%)

LB (%)

FT (%)

LB (%)

FT (%)

LB (%)

50
72
81

30
41
54

96
93
90

96
95
95

90
75
61

89
78
78

73
92
96

59
78
87

77
88
88

64
78
85

74
90

70
78

70
64

53
51

64
43

59
44

79
96

65
83

72
70

62
60

61

35

96

97

86

89

84

67

85

71

70
80

65
67

93
80

67
57

95
78

87
72

61
82

35
52

77
80

65
63

PPV: positive predictive value of a given HA value or higher to indicate cirrhosis or ﬁbrosis; NPV: negative predictive value of a given HA
value lower than the cut-off to exclude the presence of cirrhosis or ﬁbrosis.
a Performances calculated separately using FT (n = 130) or liver biopsy, LB (n = 55) method as reference.
b Patients were separated into two groups: ‘‘no/mild ﬁbrosis’’ (F0-F1) and ‘‘advanced ﬁbrosis/cirrhosis’’ (F2-F3-F4) and the predictive
values were recalculated.

method of HA measurement is easily applicable to a general
chemistry analyzer.
The correlation between the Fibrotest score and the
histological classiﬁcation of Metavir has already been
demonstrated in various studies [15—17]. With the present
study we show that HA alone or included in Hepascore has
very good diagnostic performances for different stages of
CLD. In our patients’ group, the correlation between HS and
FT was satisfying, i.e. 0.764 [95% CI (0.6791—0.8292)].
There is already an established cut-off for FT to exclude
ﬁbrosis, that is FT less than 0.15. With our preliminary data
it seems that with HA measurement it would be possible to
discriminate ‘‘cirrhosis’’ (F4) from ‘‘advanced ﬁbrosis’’ (F2F3) which is not applicable either for FT nor for HS. A cut-off
of 65 ng/mL could exclude cirrhosis, a cut-off of 175 ng/mL
could conﬁrm it. We agree [29] that the respective cut-off
for HS is 0.25 to exclude cirrhosis, and 0.75 to conﬁrm it.
To differentiate ‘‘no/mild ﬁbrosis’’ from ‘‘advanced ﬁbrosis/cirrhosis’’, all three methods, i.e. HA, HS and FT, were
very efﬁcient.
When transient elastography was realized and used as a
reference method, HA was the only biomarker that showed
differences between advanced ﬁbrosis and cirrhosis, Hepascore and Fibrotest being different only between the lowest
and the highest Fibroscan score group.
This is a preliminary study that aimed at testing the
feasibility and the diagnostic capacities of automated
hyaluronan measurement. Our patient cohort was very heterogeneous with chronic liver disease of different etiologies
or combinations of them. In order to validate what we
demonstrated with this one-center study, our cohort should
be enlarged in view of separate analysis of the various
pathologies. The NAFLD group of patients is of special

interest as metabolic diseases increase in their incidence
and only few studies on liver ﬁbrosis have investigated these
pathologies.

Conclusions and perspectives
We conﬁrm that the latex immunoturbidimetry method for
HA measurement is precise and applicable to general clinical chemistry analyzer. HA alone or included in Hepascore
showed a good ability to detect all stages in chronic liver
disease. The correlation between HA, HS and FT was good.
With these preliminary data for HA it appears that it could
exclude cirrhosis from advanced ﬁbrosis which is not the
case with either FT or HS. Therefore, the developed HA
assay can be used in clinical laboratories to evaluate liver
ﬁbrosis in complement to other non-invasive diagnostic
markers.
As novel therapies for liver ﬁbrosis evolve, non-invasive
measurement of liver ﬁbrosis will be required to help to
manage patients with chronic liver disease. Although liver
biopsy is the current and time-honored gold standard for
measurement of liver ﬁbrosis, it is poorly suited to frequent
monitoring because of its expense and morbidity, and its
accuracy suffers from sampling variation. At the current
writing, serum markers and imaging methods are available
and increasingly in use as alternatives to biopsy. However,
many questions remain about their indications, accuracy,
and cost-effectiveness, and more investigation is required
before they are put into widespread use. The development of safe, inexpensive, and reliable non-invasive ﬁbrosis
measurement tools remains a research priority in clinical
hepatology.

224

E.G.M. Lazarova et al.

Disclosure of interest
The authors declare that they have no conﬂicts of interest
concerning this article.

[18]

References
[1] Albanis E, Friedman SL. Hepatic ﬁbrosis. Pathogenesis and principles of therapy. Clin Liver Dis 2001;5(2):315—34.
[2] Bonnis PA, Friedman SL, Kaplan MM. Is liver ﬁbrosis reversible?
N Engl J Med 2001;344(6):452—4.
[3] Friedman SL. Evolving challenges in hepatic ﬁbrosis. Nat Rev
Gastroenterol Hepatol 2010;7(8):425—36 [Epub 2010 Jun 29].
[4] The French METAVIR Cooperative Study Group. Intraobserver
and interobserver variations in liver biopsy interpretation in
patients with chronic hepatitis C. Hepatology 1994;20:15—20.
[5] Poynard T, Bedossa P, Opolon P. Natural history of liver ﬁbrosis progression in patients with chronic hepatitis C. The
OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups. Lancet
1997;349:825—32.
[6] Nousbaum JB, Cadranel JF, Bonnemaison G, et al. Clinical practice guidelines on the use of liver biopsy. Gastroenterol Clin Biol
2002;26:848—78.
[7] Maharaj B, Maharaj RJ, Leary WP, Cooppan RM, Naran AD, Pirie
D, et al. Sampling variability and its inﬂuence on the diagnostic yield of percutaneous needle biopsy of the liver. Lancet
1986;1(8480):523—5.
[8] Bedossa P, Dargere D, Paradis V. Sampling variability of liver
ﬁbrosis in chronic hepatitis C. Hepatology 2003;38:1449—57.
[9] Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier
C, Mal F, et al. Transient elastography: a new noninvasive
method for assessment of hepatic ﬁbrosis. Ultrasound Med Biol
2003;29(12):1705—13.
[10] Saito H, Tada S, Nakamoto N, Kitamura K, Horikawa H, Kurita S,
et al. Efﬁcacy of noninvasive elastometry on staging of hepatic
ﬁbrosis. Hepatol Res 2004;29(2):97—103.
[11] Castera L, Forns X, Alberti A. Non-invasive evaluation of
liver ﬁbrosis using transient elastography. J Hepatology
2008;48:835—47.
[12] Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F, Kasemi F,
et al. Noninvasive assessment of liver ﬁbrosis by measurement
of stiffness in patients with chronic hepatitis C. Hepatology
2005;41:48—54.
[13] Angulo P. Noninvasive assessment of ﬁbrosis and steatosis in
NASH and ASH. Gastroenterol Clin Biol 2009;33(10—11):940—8
[Epub 2009 Oct 1].
[14] Sebastiani G, Gkouvatsos K, Plebani M. Non-invasive assessment of liver ﬁbrosis: it is time for laboratory medicine. Clin
Chem Lab Med 2011;49(1):13—32.
[15] Poynard T, Morra R, Halfon P, Castera L, Ratziu V, Imbert-Bismut
F, et al. Meta-analyses of Fibrotest diagnostic value in chronic
liver disease. BMG Gastroenterol 2007;7:40.
[16] Ratziu V, Massard J, Charlotte F, Messous D, Imbert-BismutF,
Bonyhay L, et al. Diagnostic value of biochemical markers
(Fibrotest-FibroSURE) for the prediction of liver ﬁbrosis in
patients with nonalcoholic fatty liver disease. BMC Gastroenterol 2006;6:6.
[17] Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup
E, Haaser M, et al. Prospective comparison of transient

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

elastography, Fibrotest, APRI, and liver biopsy for the assessment of stiffness in patients with chronic hepatitis C.
Hepatology 2005;128:343—50.
Walsh KM, Timms P, Campbell S, et al. Plasma levels of matrix
metalloproteinase-2 (MMP-2) and tissue inhibitors of metalloproteinases -1 and -2 (TIMP-1 and TIMP-2) as noninvasive
markers of liver disease in chronic hepatitis C: comparison
using ROC analysis. Dig Dis Sci 1999;44:624—30.
Leroy V, Monier F, Bottari S, et al. Circulating matrix metalloproteinases 1, 2, 9 and their inhibitors TIMP-1and TIMP-2 as
serum markers of liver ﬁbrosis in patients with chronic hepatitis C: comparison with PIIINP and hyaluronic acid. Am J
Gastroenterol 2004;99:271—9.
Guéchot J, et al. Diagnostic accuracy of hyaluronan and type III
procollagen amino-terminal peptide assays as markers of liver
ﬁbrosis in chronic viral hepatitis C. Clin Chem 1996;42:558.
Rosenberg WM, Voelker M, Thiel R, et al. Serum markers detect
the presence of liver ﬁbrosis: a cohort study. Gastroenterology
2004;127(6):1704—13.
Calès P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet MC,
Konaté A, et al. A novel panel of blood markers to assess the
degree of liver ﬁbrosis. Hepatology 2005;42:1373—81.
Fraser JR, Laurent TC, Laurent UB. Hyaluronan: its
nature, distribution, functions and turn-over. J Intern
Med 1997;242(1):27—33.
Adams LA, et al. Hepascore: an accurate validated predictor of liver ﬁbrosis in chronic hepatitis C infection. Clin Chem
2005;51:1867—73.
Wong VS, et al. Serum hyaluronic acid is a useful marker of
liver ﬁbrosis in chronic hepatitis C virus infection. J Viral Hepat
1998;5(3):187—92.
McHutchison JG, et al. Measurement of serum hyaluronic acid
in patients with chronic hepatitis C and its relationship to liver
histology. J Gastrol Hepatol 2000;15(8):945—51.
Guéchot J, et al. Prognostic value of serum hyaluronan
in patients with compensated HCV cirrhosis. J Hepatol
2000;32:447—52.
Halfon P, et al. Accuracy of hyaluronic acid level for predicting
liver ﬁbrosis stages in patients with hepatitis C virus. Comp
Hepatol 2005;4:6.
Guéchot J, Lasnier E, Sturm N, Paris A, Zarski JP. Automation
of the Hepascore and validation as a biochemical index of liver
ﬁbrosis in patients with chronic hepatitis C from the ANRS HC
EP 23 Fibrostar cohort. Clin Chim Acta 2010;411(1—2):86—91
[Epub 2009 Oct 19].
Veillon P, Gallois Y, Moal V, Fouchard-Hubert I, Charles
I, Larcher F, et al. Assessement of new hyaluronic acid
assays and their impact in FibroMeter scores. Clin Chim Acta
2011;412:347—52.
Suzuki A, Angulo P, Lymp J, Li D, Satomura S, Lindor K.
Hyaluronic acid, an accurate serum marker for severe hepatic
ﬁbrosis in patients non-alcoholic fatty liver disease. Liver Int
2005;25:779—86.
Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA,
Bacon BR. Nonalcoholic steatihepatitis: a proposal for grading and staging the histological lesions. Am J Gastroenterol
1999;94:2467—74.
Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schuppan
D, et al. Serum markers detect the presence of liver ﬁbrosis: a
cohort study. Gastroenterology 2004;127(6):1704—13.

