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ABSTRACT
Background: To evaluate the usefulness of biochemical markers for prediction of fibrosis in chronic hepatitis B.
Materials and methods: This study was carried out on 133 patients with chronic hepatitis B. The diagnostic accuracy of four noninvasive liver
fibrosis markers; matrix metalloproteinase-2 (MMP-2), hyaluronic acid (HA), aspartate aminotransferase (AST) to platelet ratio index (APRI)
and FIB-4 was evaluated.
Results: The levels of HA and MMP-2 were increased along with the severity of fibrosis. The cutoff value for HA was 265 ng/ml for predicting
liver cirrhosis, whereas cutoff value for MMP-2 was 860 ng/ml. The cutoff value for APRI for detecting severe fibrosis (F3 and F4) was ≥ 0.9.
Finally, cutoff value for FIB-4 was ≥ 0.9 for assessment of severe fibrosis in chronic hepatitis B.
Conclusion: HA, MMP-2, APRI and FIB-4 could be clinically useful as noninvasive markers for detection of severe fibrosis in chronic hepatitis B.
Abbreviations: HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B; HDV: Hepatitis delta
virus; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; APRI: AST to platelet ratio index;
PLT: Platelet; ULN: Upper limit of normal; HA: Hyaluronic acid; MMP-2: Matrix metalloproteinase-2; ROC: Receiver operating curve.
Keywords: APRI, CHB, FIB-4, HA, Hepatic fibrosis, MMP-2.

INTRODUCTION
Hepatitis B virus (HBV) and hepatitis C virus (HCV), the
major causes of chronic liver diseases, are responsible for
hepatic inflammation, liver fibrosis, liver cirrhosis and
hepatocellular carcinoma (HCC). 1-3 Several recent
progresses have been accomplished in the diagnosis and
treatment of chronic liver diseases. However, it seems that
conventional biochemical and serological tests are of limited
value in the diagnosis of the degree of fibrosis.4 Liver biopsy
is currently the gold standard of determining the severity of
necroinflammation and staging of fibrosis,5,6 but it has been
well-documented that complications like pain, bleeding and
rarely death may occur during liver biopsy. In addition, interand intraobserver error may lead to incorrect staging of up
to 33% of biopsies.7 In addition, the metavir staging system
may not reflect a linear increase in fibrosis. In particular,
the increase in the degree of fibrosis between F1 (enlarged
portal tract) and F2 (enlarged portal tract with rare septae)
may not be as great as the increase between F2 and F3
(enlarged portal tract with numerous septae). Indeed, in
early-stage disease, there is poor correlation between degree
of liver fibrosis as detected by digital image analysis and
staging by a pathologist.8 The appropriateness of repeating

biopsy is increasingly questionable; accordingly, accurate
noninvasive markers have been now validated.7-9 Liver
biopsy cannot be performed universally in all patients with
impaired homeostasis of any cause.10
Hence, noninvasive markers for the prediction of liver
fibrosis and cirrhosis become essential. Therefore, there is
a growing tendency to use noninvasive measures instead of
histopathological analysis of liver tissue for the evaluation
of disease progression in patients with chronic liver
diseases.11 Because serum markers are likely to reflect the
quantity of fibrotic matrix/tissue, they may correlate better
with fibrosis as detected by image analysis than stage as
determined by a pathologist. Up to date, several laboratory
tests, scores and indices have been proposed for noninvasive
prediction of hepatic fibrosis in chronic hepatitis B (CHB)
patients. 11,12 In this study, we evaluated the clinical
usefulness of biochemical markers for invasive diagnosis
of fibrosis in Egyptian patients with CHB.
MATERIALS AND METHODS
Patients
Study was carried out on 133 patients with CHB and 35
healthy controls. The study was conducted in accordance
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with the declaration of Helsinki, and all patients gave
informed consent. Exclusion criteria were chronic liver
disease due to other causes or coinfection with hepatitis C
virus or HCV, previous or concomitant anti-HBV therapy.
Chronic HBV infection was diagnosed based on positive
hepatitis B surface antigen (HBsAg) and levels of alanine
aminotransferase (ALT). Full blood counts including
platelet counts (PLT), prothrombin time, liver function tests
(ALT, aspartate aminotransferase (AST), alkaline
phosphatase and total bilirubin), HBsAg and anti-HCV Ab
were evaluated by commercially available assays. APRI was
calculated by the equation: [(AST/ULN, upper limit of
normal)×100]/PLT (109/L)].13 FIB-4 was estimated from
the formula; FIB-4 = [age (yr) × AST (U/L)]/{[PLT (109/
L)] × (ALT (U/L)]1/2}.14 HA was estimated by enzymelinked immunosorbent assay (Corgenix Inc. CO, USA) and
MMP-2 by Amersham Biosciences (GE Healthcare, Filial
Sverige, Björkgatan, Uppsala, Sweden).
Liver biopsies were obtained by ultrasound-guided
techniques. Liver specimens were fixed, paraffin-embedded,
and stained with hematoxylin and eosin. Biopsy specimens
with at least four portal fields were considered representative
and scored by a pathologist. Fibrosis was staged as no (0),
mild (1), moderate (2), severe (3) and cirrhosis (4), using
the metavir score. Hepatic inflammatory activity was also
scored.15
Statistical Analysis
Statistical analysis was done by using SPSS program version
10. The data were parametric by using Kolmograv-Smirnov
test. The qualitative data were presented in the form of number
and percentage. Chi-square test was used for qualitative data.
The quantitative data were presented in the form of mean,
standard deviation and range. Student t-test was used for
comparison of two groups. Pearson correlation coefficient
was used to study the relation between each two items in every
group. ROC (receiver operating curve) was done to determine
a cutoff point; sensitivity and specificity were calculated for
this cutoff point. Significance was considered when p-value
less than 0.05.
RESULTS
Patient Characteristics
Table 1 has shown the baseline characteristics of all patients.
The age of the patients was 45.8 ± 9.1 years. The numbers
of male were 84 (63.16%) and 49 patients were female
(36.84%). No or mild liver fibrosis (stages F0, F1 and F2)
was observed in 38 patients. Severe liver fibrosis of stage
F3 and F4 was detected in 46 and 49 patients, respectively.
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Taken together, severe degrees of liver fibrosis (F3 and F4)
were detected in a total of 95 patients. Almost no or minimal
grades of inflammation were seen in 41 patients (30.8%),
whereas, severe inflammation (A3 and A4) was seen in
92 (69.2%) patients.
Correlation between Noninvasive
Markers and Fibrosis Stage
To assess the clinical implications of noninvasive markers
of liver fibrosis we checked the levels of serum HA, MMP2, APRI and FIB-4 in patients with CHB (Table 2). AUROC
was used to evaluate the overall diagnostic performance of
scores (Figs 1A to D). The levels of HA were 135 ±
30, 230 ± 62, and 296 ± 150 ng/ml in patients with minimal
fibrosis (fibrosis F0+F1+F2), fibrosis level of F3 and fibrosis
level of F4, respectively. The levels of MMP-2 were 625 ±
57, 789 ± 85, and 1165 ± 89 ng/ml in patients with minimal
fibrosis (fibrosis F0+F1+F2), fibrosis level of F3 and fibrosis
level of F4, respectively. Thus, the serum levels of HA and
MMP-2 showed a significant upward tendency as the levels
of fibrosis became severe. The cutoff value for HA was
265 ng/ml for severe fibrosis of F4 (according to AUROC
curve at which sensitivity was 83%, specificity was 89.2%)
(Fig. 1). The cutoff value for MMP-2 was 860 ng/ml with a
sensitivity 84% and specificity 87.1%. HA was increased
with the severity grades of liver inflammation (minimal,
mild inflammation and moderate inflammation) (p < 0.001)
whereas this trend was not seen in MMP-2 (p = 0.21).
The mean APRI was ≥1.32 in patients with severe
fibrosis (F3 and F4) and < 0.72 in patients with no or mild
to moderate fibrosis (F0, F1 and F2). The APRI showed a
significant correlation with advanced liver fibrosis (p < 0.05)
with the cutoff value for detecting severe fibrosis (F3 and
F4) was > 0.9 according to AUROC curve at which
sensitivity was 71% and the specificity was 76.3%.
The mean FIB-4 was ≥1.47 in patients with severe
fibrosis (F3 and F4) and < 0.61 in patients with no or mild
to moderate fibrosis (F0, F1 and F2). The FIB-4 showed a
significant correlation with advanced liver fibrosis (p < 0.05)
with the cutoff value for detecting severe fibrosis (F3 and
F4) was ≥ 0.9 according to AUROC curve with a sensitivity
of 73.4% and specificity of 78.7%.
Correlation between different noninvasive serum
markers has been shown in Table 3.
DISCUSSION
In HBV-infected patients, noninvasive methods of
assessment of hepatic fibrosis are not as well validated as
in patients with CHC. Furthermore, the exact staging of
liver fibrosis is crucial for the therapeutic decision and
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Figs 1A to D: (A) ROC curve for HA which showed that cutoff value for HA was 265 ng/ml could predict cirrhosis (F4) according to
AUROC curve with a sensitivity 83% and specificity 89.2%, (B) ROC curve for MMP-2 which showed that cutoff value for MMP-2 was 860
ng/ml could predict cirrhosis (F4) according to AUROC curve with sensitivity of 84% and specificity of 87.1%, (C) ROC curve for APRI
which showed that cutoff value of APRI was set at 0.9 for detecting severe fibrosis (F3 and F4) with a sensitivity of 71% and specificity of
76.3% in CHB patients, (D) ROC curve for FIB-4 cutoff value of FIB-4 was set at 0.9 for detecting severe fibrosis (F3 and F4) at sensitivity
73.4% and specificity 78.7% in CHB patients

assessing the prognosis of CHB patients.11,16,17 Conversely,
in HBV inactive carriers or immunotolerant patients, in
whom liver biopsy is not indicated, noninvasive methods
could be useful to strengthen the diagnosis by confirming
the absence of significant fibrosis. Conventional
biochemical and serological tests are of little value in the
diagnosis of the degree of fibrosis and the activity of
fibrogenesis, and percutaneous liver biopsy is therefore used
to assess the extent of liver fibrosis and fibrogenesis.4,11
However, a liver biopsy is sometimes of questionable value
because of the heterogeneous distribution of pathological
changes in the liver. For instance, even a 25 mm long liver
biopsy has a 25% rate of discordance for fibrosis staging.18
Also, when the specimen size is adequate, the level of
experience (specialization, duration and location of practice)
of the pathologist may even be more important. As a result,
noninvasive biochemical markers for assessing liver fibrosis
in chronic hepatitis are being actively sought to help evaluate
histologic damage and monitor the progression of fibrosis.11

In this study, noninvasive markers are mainly based on
two kinds of serum markers, direct and indirect. Direct serum
markers are directly linked to the modifications in
extracellular matrix (ECM) metabolism (HA and MMP-2).
Indirect serum markers have no direct link with liver fibrosis
but reflect liver dysfunction or other phenomena caused by
fibrosis (APRI and FIB-4).14 The present study showed that
HA was significantly elevated in CHB and patients with
increased fibrosis than the control group (p < 0.001). HA
was linearly increased significantly with the different stages
of fibrosis (p < 0.001) and the highest concentration being
seen in patients with fibrosis of F4. Cutoff value for HA
was 265 ng/ml could predict cirrhosis (F4) according to
AUROC curve with a sensitivity 83% and specificity 89.2%.
This was in accordance with Murawaki et al and Xu et al,19,20
who reported that serum HA levels correlated with degree
of fibrosis and Child-Pugh score. This may be explained by
the impaired elimination of HA by the sinusoidal
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Table 1: Clinical characteristics of patients with chronic
hepatitis B (CHB)

Patient characteristics

CHB patient

Age (years)

45.8 ± 9.1

Sex
Male
Female

Number (%)
84 (63.16%)
49 (36.84%)

Stage of fibrosis
F0 + F1 + F2
F3
F4

Number (%)
38 (28.57%)
46 (34.59%)
49 (36.84%)

Grade of inflammation
A0 + A1 + A2
A3
A4

Number (%)
41 (30.8%)
52 (39.1%)
40 (30.1%)

Platelet counts (×1000/cu mm)
INR
AST (U/L)
ALT (U/L)
Alkaline phosphatase (mg/dl)
Total bilirubin (mg/dl)

158.3
1.21
56.9
64.3
132.4
0.7

±
±
±
±
±
±

76.3
0.13
39.2
42.5
59.6
0.4

Table 2: Comparison of noninvasive serum markers among
different stages of liver fibrosis in patients with chronic
hepatitis B (CHB)

Patient characteristics

CHB (mean ± SD)

HA (ng/ml)
F0 + F1 + F2
F3
F4

185 ± 30
230 ± 62
296 ± 150

MMP-2 (ng/ml)
F0 + F1 + F2
F3
F4

625 ± 57
789 ± 85
1165 ± 89

APRI
F0 + F1 + F2
F3
F4

0.51 ± 0.24
0.72 ± 0.21
1.91 ± 0.35

FIB-4
F0 +F1 + F2
F3
F4

0.61 ± 0.12
0.82 ± 0.51
2.12 ± 0.24

Table 3: Correlation between noninvasive serum markers
in all patients

HA and MMP-2
HA and APRI
HA and FIB-4
MMP-2 and APRI
MMP-2 and FIB-4
APRI and FIB-4

74

0.63
0.71
0.27
0.33
0.45
0.64

< 0.001
0.002
0.018
0.004
< 0.001
0.006

capillarization and by the formation of basement membrane,
in addition to the increased production of HA within the
fibrotic liver, which occurs together with the accelerated
synthesis of extracellular matrix.21 Guéchot et al22 showed
that the sensitivity and specificity of serum HA at a cutoff
point of 110 µg/L for the diagnosis of hepatic fibrosis are
79% and 89%, respectively. Patel et al23 have reported that
as a noninvasive valuable marker, serum HA concentration
is correlated with hepatic fibrosis. Montazeri et al 24
demonstrated that serum HA is a preferred marker of severe
fibrogenesis and inflammation in CHB patients. HA at a
cutoff point of 126.4 µg/L can detect severe fibrosis with a
sensitivity of 90.9% and a specificity of 98.1%. This
difference in cutoff point could be due to the relatively
smaller number of patients in this study, or the difference
in the studied subjects regarding the Egyptian population
(genetic and environmental factors or individual variation).
MMP-2 exhibits degradative activity against basementmembrane collagen, its release by activated hepatic stellate
cells in the space of Disse disrupts the normal subendothelial
liver matrix. Enhanced production of abnormal interstitial
collagens (type I and II) subsequently leads to an abnormal
basement-membrane collagen, which in turn, disrupts
hepatocellular function and may lead to further stellate cell
activation. The net effect of this activity seems to accelerate
the replacement of the normal subendothelial matrix.25
MMP-2 showed a significant difference between different
stages of fibrosis (p < 0.001). Cutoff value for MMP-2 was
860 ng/ml with sensitivity of 84% and specificity of 87.1%.
This was in agreement with Liu et al26 who reported that
TIMP-2 was well correlated with the levels of liver cirrhosis
indexes. However, this contrasted with Walsh et al27 and
Boeker et al28 who reported that there was no correlation
between fibrosis and levels of MMP-2. This difference could
be attributed to the nature of patients as they studied only
patients with CHC.27
The cutoff value of APRI was set at 0.9 for detecting
severe fibrosis (F3 and F4) with a sensitivity of 71% and
specificity of 76.3% in CHB patients. The sensitivity,
specificity was high for the detection of severe fibrosis
stages in CHB patients.
The cutoff value of FIB-4 was set at 0.9 for detecting
severe fibrosis (F3 and F4) at sensitivity 73.4% and
specificity 78.7% in CHB patients. The sensitivity,
specificity was high for the detection of severe fibrosis
stages in CHB patients. Zhang et al29 reported that both
APRI and FIB-4 do not involve a complicated formula, thus
allowing it to be quickly calculated. In addition, it uses two
laboratory tests and is not associated with the added expense
of a reference laboratory and does not contain subjective
parameter. The possibility for the variation of platelet count
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in patients with chronic liver disease was due to many
factors, such as platelet mean lifetime, thrombopoietin
production, myelotoxic effects, virus types, different
pathogenesis of liver fibrosis and sepsis.30 In addition, the
AST level was significantly increased in the patients with
liver fibrosis of F4 compared with the patients with stage
F3 fibrosis, but there was no significant correlation in the
prediction of liver fibrosis or cirrhosis. The elevation of
AST might be due to the reduction in the clearance of AST
and mitochondrial injury. 31 The performance of any
surrogates is classically evaluated by calculation of the area
under the receiver operating characteristic curve (AUROC)
using liver biopsy as the reference standard. Because liver
biopsy is an imperfect gold standard, a perfect surrogate
will never reach the maximal value (1.0).32 Taking into
account a range of accuracies of the biopsy and a range of
prevalence of significant disease (that influence the
AUROC), Mehta et al33 have shown that in the most
favorable scenario, an AUROC > 0.90 cannot be achieved
even for a perfect marker.
CONCLUSION
HA, MMP-2, APRI and FIB-4 parameters potentially could
be clinically useful as noninvasive markers for detection of
severe fibrosis (F3 and F4) and decrease the number of liver
biopsies in CHB patients.
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