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ABSTRACT

Background: Lately, several studies have utilized non-invasive serological markers to assess liver fibrosis and some are
currently being validated as potential tools to determine liver damage. Purpose: Our aim was to investigate the diagnostic
performance of AFP, autotoxin and collagen IV as non-invasive biomarkers of hepatic fibrosis. Patients and methods: 45
males and 15 females with chronic hepatitis C were enrolled in the current study. Laboratory assessment was done for all
subjects in form of complete blood picture, liver function test, alpha fetoprotein (AFP), collagen IV and autotaxin. Patients
were grouped according to the stage of fibrosis into F1, F2 and F3. Results: Mean serum values of AFP, autotaxin and
collagen IV were elevated in all patients compared to healthy controls. Surprisingly, with increasing fibrosis stage AFP
showed non-significant change while collagen IV and autotoxin showed significant increase (P<0.01 and P<0.0001,
respectively). Autotaxin and collagen IV were significantly (P<0.01 and P<0.05, respectively) lower in F1 patients than
those with F2-F3 but AFP level showed non-significant change. Autotaxin had the highest area under ROC curve and the
highest accuracy for discrimination of F1 from F2-F3 patients and for discrimination of patients with F3 from F1-F2.
Different combinations between AFP, collagen IV and autotoxin showed improvement in the accuracy. Conclusion: It was
concluded that serum autotaxin may at least serve as a new clinical non-invasive alternative in patients who are not
candidates for liver biopsy for diagnosis of liver damage. Autotaxin combination with collagen IV and AFP addition make

them more useful.
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INTRODUCTION

The liver is typically inflamed and shows signs of injury in
hepatocellular diseases®. Hepatocellular injury may be
related to variable pathologic conditions like exposure to
different toxicants®“, obesity®, diabetes®’ and even
cancer®1%, Even though, viral infection still the most
common cause™ results in hepatocellular damage
manifested by fatty infiltration (steatosis), inflammation
(hepatitis) or cell death. In mild attack, the liver will
recover and overall liver function will remain normal.
Persistent injury will lead to fibrosis and cirrhosis and
potentially severe liver dysfunction??. Liver damage and
liver diseases are frequently monitored by liver function
tests®13, Lately, several studies have utilized non-invasive
serological markers to assess liver fibrosis and some are
currently being validated as potential tools to determine
liver damage?™.

Liver fibrosis is scarring through excessive deposition of
extracellular matrix (ECM) components as a result of
liver’s response to repair injury. One of the main causes of
liver fibrosis is chronic viral hepatitis!!. Hepatitis C virus
(HCV) represents the chief cause of viral hepatitis** and
consequently it is the chief cause for liver associated

diseases™. It is more likely to end up in cirrhosis and
hepatocellular carcinoma (HCC) that represents the third
cause for tumor-related deaths globally?®.

Internationally, 171 million persons are HCV-infected and
this chronic infection results in about 390,000 deaths per
year due to linked cirrhosis and HCC. Indirectly,
detection of HCV specific antibodies is used to screen and
diagnose infection. However, this assay does not
distinguish active and resolved infections. So, detection of
viral components (e.g., the core antigen or the viral
genome) is greatly now used to directly diagnose HCV-
infected patients®’.

Fibrosis staging is of great significance for patients with
HCV related liver disease to indicate antiviral treatment, to
monitor the response and to predict the prognosis.
Liver biopsy (LB) is still considered the gold standard in
assessment of the fibrosis stage!®. However, LB is
invasive, expensive and difficult to be repeated so it is non-
acceptable by most patients. It also showed sampling
errors, observer related variability of histo-pathological
interpretation, and risk of rare but life-threatening
complications®.

Serum markers may present precious efficient alternative
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Table 1: Demographic data of control and patients groups.

Variables Healthy (n=20) Fibrosis (n=60) P value
F1(n=19) F2(n=23) F3(n=18)
Gender Male 15 45 -
Female 5 15 -
Age (years) Mean + SD 425+94 44.7+8.1 >0.05
HCYV infection anti-HCV negative positive -
PCR - positive -
HBYV infection HBsAg negative negative -

F1, moderate fibrosis stage; F2, intermediate fibrosis; and F3, extensive fibrosis stage. P>0.05 is considered non

significant.

Table 2: Routine laboratory data of control and fibrosis patients groups.

Variables Healthy Fibrosis P value F1 (n=19) F2 (n=23) F3 (n=18) P value
(n=20) (n=60)

Liver Function Tests

ALT (U/L) 122+46 446+376 <0.0001 30.6+25.1 51.7+£50.3 50.3+25.6  0.147

AST (U/L) 16.1+49 41.2+37.4  0.004 30.5+28.3 470+£51.0 452+209  0.317

T.bilirubin 061+014 0.79+033 0.019 0.76 £ 0.38 0.85+0.28 0.75+0.32  0.557

(mg/dL)

D.bilirubin 0.16 £0.04 0.22+0.08 0.003 0.19 £ 0.06 0.23+0.08 0.23+0.10 0.202

(mg/dL)

ALP (U/L) 728+16.3 89.2+354  0.048 82.8£22.7 86.9+ 349 99.1+454  0.355

Albumin (g/dL) 4.7 £0.38 4.1+0.53 <0.0001 4.11+041 407+059 4.14+058 0.940

P.T (Second) 129+23 146 £.9 <0.0001 14.1+0.7 146+07 152+09 <0.0001

Haematological parameters

Hemoglobin 141+063 12.0%1.9 <0.0001 112+12 124+18 124 +24 0.062

(g/dL)

RBCs (x10%L) 4.2 +0.4 43 +1.0 0.957 41 +0.9 42 07 44 14 0.627

TLC (x10%L) 6.7 £1.6 48 +1.38 <0.0001 43 +18 50 £15 49 %20 0.396

PLT (x10°L) 252.8+65.5 1726+66.3 <0.0001 1944+66.4 164.7+73 159.6+53.7 0.218

Continuous variables were expressed as mean + SD. Reference values: Alanine aminotransferase (ALT) up to 45 U/L;
aspartate aminotransferase (AST) up to 32 U/L; total bilirubin (T.bilirubin) up to 1.2 mg/dL; direct bilirubin (D.bilirubin)
up to 0.25 mg/dL; alkaline phosphatase (ALP) 35 - 130 U/L; albumin 35-55 (g/L); hemoglobin (male 11-16 g/dL); red
blood cells (RBCs) 3.5-5.5 (x10%L); total leucocytic count (TLC) 6-11(x10%L); platelet count (PLT) 150-400
(10%L); prothrombin time (P.T) 10 - 14 Second. P>0.05 is considered non-significant; P<0.05 is considered significant.
P<0.01 is considered highly significant, P<0.001 is considered very significant and P<0.0001 is considered extremely

significant.

to LB for patients and clinicians allowing continual
monitoring of fibrosis as they are non-invasive, repetitive,
and mostly inexpensive with low risk of sampling errors
and small observer-related variability®®. Thus, the aim of
this study was to investigate the diagnostic performance of
AFP, autotoxin and collagen IV as non-invasive serum
biomarkers of fibrosis.

MATERIALS AND METHODS

Subjects

This study was carried out on 80 subjects who signed
informed consents. Of them, 60 chronic hepatitis C (CHC)
patients  with  liver  fibrosis, collected from
Gastroenterology and Tropical Department and Outpatient
Clinic at Al-Homiatte Hospital, Damietta, Egypt during
the period from November 2014 to August 2016, of ages
ranged between 25-59 years (44.7 + 8.1 years) were used
as the fibrosis group in this study. 75% of them were males
(n=45) and 25% of them were females (n=15). All patients
were positive for anti-HCV antibodies and HCV infection

was confirmed via the presence of HCV-RNA using
guantitative PCR assay. Regarding the distribution of liver
fibrosis stages, CHC patients according to METAVIR
scoring system were classified into 32% (n=19) portal
fibrosis without septae (mild; F1), 38% (n=23) portal
fibrosis with a few septae (moderate; F2) and 30% (n=18)
septal fibrosis without cirrhosis (advanced; F3). On the
other hand, 20 healthy individuals negative for anti-HCV
antibodies (75%, n=15 males and 25%, n=5 females) were
used as a control group. Their age ranged between 20-55
years (425 + 9.4 years). All subjects (patients and
controls) were free from HBV infection (Table 1).

All subjects were submitted to full history taking;
including personal history (name, age, sex, residence,
occupation, special habits of medical importance as
smoking), and the present history and past history of HCV
and HBV.

This study was performed in accordance with the
Declaration of Helsinki of World Medical Association and
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Table 3: Routine laboratory data of patients at fibrosis stages F1 versus F2-F3 and F3 versus F1-F2.

Variable F1 (n=18) F2-F3 (n=41) P value F3 (n=18) F1-F2 (n=42) P value
Liver Function Tests

ALT (U/L) 30.6+25.1 51.0+40.9 0.050 50.3+25.6 4211418 0.447
AST(U/L) 30.5+28.3 46.2 £40.2 0.130 452+209 39.5+42.6 0.593
T.bilirubin (mg/dL) 0.76 £0.38 0.81+0.3 0.594 0.75+0.32 0.81+0.3 0.544
D.bilirubin (mg/dL) 0.19 £ 0.06 0.23+0.1 0.074 0.23+0.10 0.21+0.1 0.526
ALP (U/L) 82.8 +22.7 92.3+39.8 0.342 99.1+454 85.1+29.7 0.162
Albumin (g/dL) 411+041 4.10 £0.58 0.973 414+058 4.09+0.51 0.765
P.T (Second) 14.1+£0.7 149+ 0.9 0.001 152+09 14308 <0.0001
Haematological parameters

Hemoglobin (g/dL) 112+1.2 124+2.1 0.018 124 +24 119+17 0.331
RBCs (x10%L) 41+09 43+1.1 0.463 44+14 42+0.8 0.371
TLC (x10°/L) 43+1.8 496 +1.7 0.181 49+20 47+1.7 0.735
PLT (x10%L) 194.4+66.4 1625+645 0.082 159.6+3.7 178.2+70.8 0.324

Continuous variables were expressed as mean = SD. Reference values: Alanine aminotransferase (ALT) up to 45 U/L;
aspartate aminotransferase (AST) up to 32 UJ/L; total bilirubin (T.bilirubin) up to 1.2 mg/dL; direct bilirubin
(D.bilirubin) up to 0.25 mg/dL; alkaline phosphatase (ALP) 35 - 130 U/L; albumin 35-55 (g/L); hemoglobin (male 11—
16 g/dL); red blood cells (RBCs) 3.5-5.5 (x10%L); total leucocytic count (TLC) 6-11(x10%L); platelet count (PLT)
150-400 (10%L); prothrombin time (P.T) 10 - 14 Second. P>0.05 is considered non-significant; P<0.05 is considered
significant. P<0.01 is considered highly significant, P<0.001 is considered very significant and P<0.0001 is considered

extremely significant.

Table 4: Fibrosis biomarkers [alpha fetoprotien (AFP), autotoxin and collagen IV] in control and patients groups.

Group/Biomarker Collagen IV (ng/mL)  Autotaxin (ng/mL) AFP (U/L)
Healthy (n=20) 0.71£0.59 0.63+£0.49 48+1.6
Fibrosis (n=60) 19+1.1 237+18 8.0+6.2

P Value <0.0001 <0.0001 0.023
F1 (n=19) 1.4+0.82 13+1.1 7076
F2 (n=23) 1.8+0.9 2.13+1.67 6.6+4.2
F3 (n=18) 26+13 38+18 10.95+6.0

P Value 0.002 <0.0001 0.055

P Value (F1 vs. F2) 0.143 0.075 0.828

P Value (F1 vs. F3) 0.001 <0.0001 0.091

P Value (F2 vs. F3) 0.018 0.004 0.01
F1-F2 (n=42) 1.63+£09 1.76+15 6.8+5.9
F2-F3 (n=41) 217+1.1 287+1.9 85+55

P Value (F1 vs. F2-F3)  0.001 <0.0001 0.016

P Value (F3 vs. F1-F2) 0.011 0.002 0.388

Continuous variables were expressed as mean + SD.

Reference values: Alpha fetoprotein (AFP) up to 8.2 (U/L); autotaxin 0.16 - 10 ng/mL and Collagen IV 0.78 - 50 ng/mL.
P>0.05 is considered non-significant; P<0.05 is considered significant. P<0.01 is considered highly significant, P<0.001
is considered very significant and P<0.0001 is considered extremely significant.

it was approved by Al-Homiatte Hospital, Damietta,
Egypt.

Subjects exclusion criteria

Cases not fulfilling the above-mentioned inclusion criteria
were excluded in addition to patients with the following
conditions were also excluded from this study: co-
infection with hepatitis B virus, prior antiviral or
immunosuppressive therapy and decompensated liver
disease (ascites, jaundice, variceal bleeding or
encephalopathy). Moreover, patients with reduced
production of platelets other than hepatic infection with
HCV such as typhoid, deficiency of vitamin B12 and
leukemia were excluded as well.

Samples

Needle LB specimens were obtained with an 18-gauge or
larger needle. They were processed, investigated and
blindly interpreted according to METAVIR scoring
system at Clinical Pathology Department Research
Laboratory, Al-Homiate Hospital, Damietta, Egypt.

Directly after staging of liver fibrosis, venous blood
samples were taken on citrated (1:9), EDTA and plain
tubes. Samples in plain tubes were centrifuged and serum
was separated and divided into 2 aliquots, one for liver
function tests (alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
albumin, total & direct bilirubin) on the day of blood
collection. The other aliquot serum was stored at —70 °C
for alpha fetoprotein, collagen IV and autotaxin
assessment. Samples in EDTA tubes were used for
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Table 5: Diagnostic performance of individual fibrosis biomarkers for discrimination between F1 versus F2-F3 and for
discriminating between F3 versus F1-F2.

F1 versus F2-F3

F3 versus F1-F2

AFP Collagen IV  Autotaxin AFP Collagen IV Autotaxin
(U/L) (ng/mL) (ng/mL) (U/L) (ng/mL) (ng/mL)
AUC 0.63 0.67 0.77 0.72 0.75 0.84
Cut-off >6.5 >1.7 >14 >7.9 >1.8 >1.9
Sensitivity (%) 63% 68% 83% 2% 72% 88.9%
Specificity (%) 74% 53% 60% 67% 67% 74%
PPV (%) 84% 76% 81% 48% 48% 59%
NPV (%) 48% 44% 61% 85% 85% 94%
Accuracy (%) 67% 63% 75% 68% 68% 78%
AUC; Area under ROC curve, PPV; Positive predictive value, NPV; Negative predictive value.
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Figure 1: Receiver operator characteristic (ROC) curve of AFP, autotaxin, collagen IV (collagen 4) for discrimination
of patients with F1 from F2-F3 (left) and for discrimination of patients with F3 from F1-F2 (right). The true positive
rate (sensitivity) is plotted as a function of the false rate (1—specificity). Each point on the ROC plot represents a
sensitivity/specificity pair corresponding to a particular decision threshold. Area under ROC curve (AUC) value
represents the combined effects of both sensitivity and specificity of fibrosis markers in diagnosis of patients.

complete blood count (CBC) on the day of blood
collection. Samples in citrated tubes were centrifuged and
citrated plasma was separated and used for prothrombin
time (P.T) measurement immediately.

Biochemical measurements

Al subjects were screened for HBsAg (Dia. Pro, Milan,
Italy) and for anti-HCV antibodies (Biomedica, Sorin,
Italy). Patients were then confirmed for the presence of

HCV-RNA using quantitative PCR assay (COBAS
Ampliprep/COBAS  TagMan, Roche Diagnostics,
Pleasanton, USA). Liver function tests (ALT, AST, ALP,
albumin, total & direct bilirubin) were routinely measured
in serum by the available commercial kits using the
Automatic Analyzer (Hitachi 902). Complete blood count
(CBC) was done using Cell-Dyn® 1800 Hematology
Analyzer. P.T was measured using blood coagulometer
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Table 6: Diagnostic performance of combined fibrosis biomarkers for discrimination of patients with F1 from F2-F3 and

for discrimination of patients with F3 from F1-F2.

F1 versus F2-F3

F3 versus F1-F2

AFP AFP Autotaxin  AFP AFP Autota AFP AFP

+ + + + + Xin + +

Collagen  Autotaxin  Collagen  Autotaxin Collagen  + Autotaxi  Autotaxin

v v + v Collag n +

Collagen IV en v Collagen
v

AUC 0.68 0.76 0.78 0.79 0.797 0.88 0.895 0.93
Cut-off >0.24 >0.17 >0.19 >0.2 >0.32 >31 >0.35 >0.35
Sensitivity (%) 66% 81% 73% 73% 72% 88.9% 94% 88.9%
Specificity (%) 63% 58% 63% 63% 76% 79% 83% 86%
PPV (%) 79% 80% 81% 81% 57% 54% 71% 73%
NPV (%) 46% 57% 52% 52% 87% 94% 97% 95%
Accuracy (%)  65% 73% 70% 70% 75% 82% 87% 87%

AUC; Area under ROC curve, PPV; Positive predictive value, NPV; Negative predictive value.

(SEAC S2) with the available kit (Biostec Liquiplstin,
Egypt). Alpha fetoprotein (AFP) was estimated using
a compact automated immunoassay system based on the
Enzyme Linked Fluorescent Assay (ELFA) with mini-
VIDAS® AFP kit (Biomerieux, Marcy-L’Etoile, France).
Serum autotoxin, collagen IV levels were assayed using

the human ENPP2 (Ectonucleotide
Pyrophosphatase/Phosphodiesterase) and the human
COL4 (Collagen Type IV) Enzyme Linked
Immunosorbent  Assay (ELISA) Kkits respectively

(Guandong Science and Technology Industry Park,
WuHan, China) according to the recommendations of the
manufacturer. Measurements were performed on a Tecan
SLT Rainbow Plate Reader (Tecan, Maénnedorf,
Switzerland). Assays were done in duplicate and when
results showed a difference with more than 10% the tests
were repeated again.

Statistical analysis

All statistical analyses were done by the Statistical
Package for Social Sciences (SPSS) version 15.0 for
Microsoft Windows. Results were expressed as mean *
SD. Differences in continuous variables were assessed
using Student’s t-test or analysis of variance (ANOVA).
All tests were two-tailed and statistical significance was
assessed at the 0.05 level. Receiver operating characteristic
(ROC) curves were created and areas under the ROC
curves (AUC) were calculated. Diagnostic accuracy was
also assessed using sensitivity, specificity, positive
predictive value (PPV) and negative predictive value
(NPV).

RESULTS

As expected, patients with liver fibrosis were associated
with significant (P<0.0001) lower platelets (PLT) count,
total leucocytic count (TLC), hemoglobin and albumin
levels, and with significant (P<0.05-P<0.0001) higher
ALT, AST, total and direct bilirubin (T. and D.bilirubin),
ALP, and P.T than those of healthy individuals. There was
no significant difference in red blood cells (RBCs)
(P>0.05, Table 2).

Comparison of the baseline characteristics of patients
according to the stage of liver fibrosis is shown in Table 2.

Statistically there were no significant difference between
F1, F2 and F3 liver fibrosis stages in all studied
haematological indices and liver function tests (P>0.05)
except for P.T that increased significantly (P<0.0001) with
increasing in fibrosis stage.

There was a significant difference between patients with
F1stage and patients with F2-F3 in hemoglobin (P<0.05)
and in P.T (P<0.01, Table 3). On the other hand, the
laboratory data of patients with F3 stage were compared
with those of patients with F1-F2 and the results show a
highly significant difference in P.T (P<0.0001, Table 3).
There are significant elevations in AFP (P<0.05), in
autotoxin (P<0.0001) and in collagen 1V (P<0.0001) levels
in patients with fibrosis were found when compared with
their corresponding levels in healthy controls (Table 4).
Regarding differences between the 3 fibrosis stages (F1,
F2 and F3), AFP levels showed non-significant change
(P>0.05) while collagen IV and autotoxin levels showed
significant (P<0.01 and P<0.0001, respectively) increase
with increasing fibrosis stage (Table 4).

Autotaxin and collagen IV levels were significantly
(P<0.01 and P<0.05, respectively) lower in patients with
F1 stage than those with higher stages (F2-F3) but AFP
level showed non-significant change (P>0.05). On the
other side, all of them showed significant (P<0.05-
P<0.0001) elevations in patients with F3 stage as
compared to patients with lower stages (F1-F2) (Table 4).
Diagnostic performance of individual biomarkers
Discriminating non-significant  fibrosis (F1)
significant fibrosis (F2-F3)

AFP exhibited AUC of 0.63 at cut-off point of >6.5 U/L.
The diagnostic performance of AFP at this cut-off was
associated with sensitivity of 63%, specificity of 74%,
positive predictive value (PPV) of 84%, negative
predictive value (NPV) of 48% and 67% accuracy for
discrimination of patients with F1 from F2-F3. Autotaxin
showed AUC of 0.77 at cut-off point of >1.4 ng/mL. At
this cut-off, autotaxin exhibited high accuracy (75%),
sensitivity (83%), specificity (60%), PPV (81%) and NPV
(61%) in discrimination of patients with F1 from F2-F3.
Collagen IV showed AUC of 0.67 at cut-off point of >1.7
ng/mL. At this cut-off, sensitivity was 68%; specificity

from
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Figure 2: Receiver operator characteristic (ROC) curve of combined biomarkers (AFP, autotaxin, collagen IV (collagen
4)) for discrimination of patients with F1 from F2-F3 (left) and for discrimination of patients with F3 from F1-F2
(right). The true positive rate (Sensitivity) is plotted as a function of the false rate (1—specificity). Each point on the ROC
plot represents a sensitivity/specificity pair corresponding to a particular decision threshold. AUC value represents the
combined effects of both sensitivity and specificity of combined biomarkers in diagnosis of patients.

was 53%, PPV was 76%, NPV was 44% and accuracy was
63% for discrimination of patients with F1 from F2-F3
(Table 5 and Figure 1). Based on the above diagnostic
performances of the 3 biomarkers; autotaxin had the
highest AUC and the highest accuracy for discrimination
of patients with F1 from F2-F3.

Discriminating advanced fibrosis (F3) from non-advanced
fibrosis (F1-F2)

AFP showed AUC of 0.72 at cut-off point of >7.9 U/L with
sensitivity of 72%, specificity of 67%, PPV of 48%, NPV
of 85% and accuracy of 68% for discrimination of patients
with F3 from F1-F2. Autotaxin showed AUC of 0.84 at
cut-off point of >1.9 ng/mL, high accuracy of 78%,
sensitivity of 88.9%, and specificity of 74%, PPV of 59%
and NPV of 94% for discrimination of patients with F3
from F1-F2. Collagen IV displayed AUC of 0.75 at cut-off
point of >1.8 ng/mL. At this cut-off, sensitivity of 72%,

specificity of 67%, PPV of 48%, NPV of 85% and
accuracy of 68% were observed in discrimination of
patients with F3 from F1-F2 (Table 5 and Fig. 1). Among
these diagnostic performances; autotaxin had the highest
AUC (0.84) and the highest accuracy (78%) for
discrimination of patients with F3 from F1-F2.
Diagnostic performance of combined biomarkers
Discriminating non-significant fibrosis (F1) from
significant fibrosis (F2-F3)

Aiming to improve the performance of the variables for
discrimination of patients with F1 from F2-F3 diagnostic
performance of different combinations of the 3 biomarkers
(AFP, autotoxin and collagen 1V) was studied (Table 6 and
Fig. 2). ROC curve for combination of AFP and collagen
IV showed AUC of 0.68 and low accuracy (65%) while
combination of AFP and autotaxin resulted in increases in
both AUC (0.76) and accuracy (73%). Combination of
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autotaxin and collagen IV resulted in further increase in
AUC (0.78) with accuracy of 70% whereas combination of
the 3 blood markers (AFP, autotaxin and collagen IV)
exhibited the highest AUC (0.79) with accuracy of 70%.
Discriminating advanced fibrosis (F3) from non-advanced
fibrosis (F1-F2)

In a trial to improve the diagnostic performance of AFP,
autotoxin and collagen 1V in discrimination of patients
with F3 from F1-F2 different combinations of the 3
biomarkers were used (Table 6 and Figure 2). ROC curve
for combination between AFP and collagen IV showed
AUC of 0.797 with accuracy of 75% in discrimination of
patients with F3 from F1-F2. Combination of autotaxin
and collagen IV resulted in higher AUC (0.88) with
accuracy of 82%. Combination of AFP and autotaxin
displayed further increase in AUC (0.895) with accuracy
of 87% while combination of the three blood markers AFP,
autotaxin and collagen IV exhibited the highest AUC
(0.93) with the same accuracy (87%).

DISCUSSION

HCV is the main cause of chronic viral hepatitis and
represents the main cause of hepatic fibrosis'!. Our
country, Egypt, has the highest HCV incidence (14.7%)%
and it consequently has the highest CHC frequency. 10%-
20% of CHC cases develop cirrhosis and about 7% of
cirrhotic adults dewvelop HCC?. Therefore, precise
assessment of hepatic fibrosis become increasingly of
great importance for diagnosis, prognosis, treatment
decisions and following disease progression?. LB, the
gold standard for fibrosis diagnosing and staging, is
invasive method with associated morbidity; pain occurs in
20% and major complications (such as bleeding or
hemobilia) in 0.5% of patients?4. Less invasive, precise and
reproducible methods with lower limitations than LB to
assess the degree of liver fibrosis are therefore urgently
needed?. Consequently, more research has been directed
to search for non-invasive serum biomarkers of fibrosis?*.
Until now the developed non-invasive methods for liver
fibrosis showed great variability among varied studies.
AFP is known as an important diagnostic tool of HCC;
however increased AFP levels have also been noticed in
CHC?%. AFP was employed before in discriminating
patients with significant fibrosis with AUR=0.61%° and
with AUR=0.77% and also in discriminating patients with
advanced liver fibrosis with AUC= 0.75%. When
AST/ALT and PLT count were added to AFP the AUC was
lowered in patients with significant liver fibrosis whereas
it was improved (AUC=0.82) in patients with advanced
liver fibrosis®.

Collagen IV is present in most connective tissue matrices.
It forms an elastic filamentous net to link matrix
macromolecules and cells?’. When compared against LB,
collagen IV showed 100% sensitivity and 68% specificity
for advanced (F3) fibrosis in alcoholic liver disease?. In
non-alcoholic steatohepatitis (NASH) collagen IV showed
superiority to hyaluronan in detecting the presence of
fibrosis?®. In a study on patients with CHC, collagen IV
was increased with progression of fibrosis. Used together

with P3NP, they showed a sensitivity of 87% and
specificity of 97% in detecting fibrosis®®.

Autotaxin is a secreted enzyme responsible for the
hydrolysis of lysophospholipids producing
lysophosphatidic acid (1- or 2-acyl-lysophosphatidic acid;
LPA) in blood®. Serum autotaxin concentration has been
assessed as a marker for liver fibrosis®. In this regard,
Ikeda and Yatomi® stated that serum autotaxin should be
evaluated as a possible liver fibrosis marker in not only
patients with CHC, but also patients with liver fibrosis in
general.

In the present study, serum concentrations of AFP,
collagen IV and autotoxin were significantly elevated
(P<0.05, P<0.0001 and P<0.0001, respectively) in CHC
patients with fibrosis compared to their corresponding
levels in healthy controls. High AFP levels indicate liver
inflammation and regeneration. Elevated serum collagen
IV may be related to portal hypertension degree. Increase
in serum autotoxin may be attributed to decreased
clearance occurs during hepatic fibrotic changes
development and progression. Regarding differences
between the 3 fibrosis stages (F1, F2 and F3), AFP levels
showed non-significant change (P>0.05) while collagen IV
and autotoxin levels showed significant (P<0.01 and
P<0.0001, respectively) increase with increasing fibrosis
stage. These results indicate autotoxin as the most efficient
serum marker in detecting presence of hepatic fibrosis in
this study. This was in consistence with Yamazaki et al.*2.
Moreover, when we studied the three biomarkers
diagnostic performances autotaxin not only showed the
highest AUC (0.77) and the highest accuracy (75%) for
discrimination of patients with non-significant fibrosis
(F1) from significant fibrosis (F2-F3) but also it showed
the highest AUC (0.84) and the highest accuracy (78%) for
discrimination of patients with advanced fibrosis (F3) from
mild to moderate fibrosis (F1-F2). These results reflect
autotoxin superiority to AFP and collagen IV in liver
fibrosis stages differentiation. It is preferable for fibrosis
staging markers to be capable of discrimination between
non-significant (METAVIR scores FO-F1) and significant
(score > F2) fibrosis®. This is actually the case here with
autotoxin as shown above. Our aforementioned findings
were also in the same line with Manning and Afdhal3* who
reported that serum autotaxin was correlated to liver
fibrotic stage in CHC patients and when compared to
serum hyaluronate and aminotransferase/platelet ratio
serum autotaxin concentration was the best parameter for
predicting advanced fibrosis. Yamazaki et al.*? reported
almost comparable AUC (0.861) to our AUC (0.84) for
autotaxin to diagnose advanced fibrosis (>F2) in CHC
male patients that was superior to those of FIB-4 and
Forn’s indices (P < 0.001) in their study.

In the present study, ROC curve for combination between
autotaxin and AFP showed increments in both AUC (0.76)
and accuracy (73%). Combination between autotaxin and
collagen 1V resulted in further increase in AUC (0.78) with
accuracy of 70% in detecting significant fibrosis in CHC
patients. While in discrimination of CHC patients with
advanced fibrosis, the ROC curve for combination
between autotaxin and collagen IV resulted in much higher
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AUC (0.88) with accuracy of 82% compared to autotoxin
alone. Combination between AFP and autotaxin displayed
further increase in AUC (0.895) with accuracy of 87%. In
addition, both AFP and collagen IV when added to
autotoxin the AUC was improved (0.77 versus 0.79) for
discrimination of CHC patients with non-significant (F1)
from those with significant (F2-F3) fibrosis. It was also
improved further from 0.84 with accuracy of 78% to 0.93
with accuracy of 87% for discrimination of CHC patients
with advanced fibrosis (F3). These findings confirm that
non-invasive methods accuracy can be improved when
they are combined in diagnostic algorithms?s.

We conclude that serum concentrations of AFP, collagen
IV and autotaxin changes in CHC disease and they were
affected by the severity of liver fibrosis. Serum autotaxin
may serve as a new clinical alternative to assess liver
fibrosis in CHC patients who are not candidates for liver
biopsy. Together when combined, serum AFP, collagen 1V
and autotaxin could be considered as a good marker for
non-invasive diagnosis of liver damage. It is worthy to
state that the combination of markers is more useful.

AUTHORS CONTRIBUTION
This work was done by all authors cooperatively.

CONFLICTS OF INTEREST AND SOURCE OF
FUNDING
none declared

REFERENCES

1. Khalili M, Liao CE, Nguyen TT. Liver disease. In:
McPhee SJ &Hammer GD, editors, Pathophysiology of
disease: An introduction to clinical medicine. 6" ed.
2010  McGraw-Hill ~ Companies, Inc. USA:
International edition: 373-412.

2. Saad EA. Curative and protective effects of I-arginine
on carbon tetrachloride-induced hepatotoxicity in mice.
Biochem Biophys Res Commun 2012;423(1): 147-51.
http://dx.doi.org/10.1016/j.bbrc.2012.05.102.

3. Saad EA. Kidney response to L-arginine treatment of
carbon tetrachloride-induced hepatic injury in mice.
Nat Sci 2013;5(1):1-6. d0i:10.4236/ns.2013.51001

4. Toson EA, Habib SA, Saad EA, Harraz NH. Toxic and
anti-fertility effects of Alocasia macrorrhiza and
Calotropis procera ethanolic extracts on male mice. Int
J Biochem Photon 2014;195:328-38.

5. Habib S, Saad EA, Elsharkawy AA, Attia ZR. Pro-
inflammatory adipocytokines, oxidative stress, insulin,
Zn and Cu: Interrelations with obesity in Egyptian non-
diabetic obese children and adolescents. Adv Med Sci
2015;60(2):981-71.

6. Saad EA, Hassanien MM, El-Hagrasy MA, Radwan
KH. Antidiabetic, hypolipidemic and antioxidant
activities and protective effects of Punica Granatum
peels powder against pancreatic and hepatic tissues
injuries in streptozotocin induced iddm in rats. Int J
Pharm Pharm Sci 2015;7(7):397-402.

7. Saad EA, Habib SA, Refai WA, Elfayoumy AA.
Malondialdehyde, adiponectin, nitric oxide, C-reactive
protein, tumor necrosis factor-alpha and insulin

resistance relationships and inter-relationships in type
2 diabetes early stage. Is metformin alone adequate in
this stage?. Int. J. Pharm. Pharm. Sci. 2017; 9 (10):
Accepted.

8. Saad EA, Hassanien MM, Elneely EA. Iron(lIl)
diacetylmonoxime-2-hydrazinopyridine complex: A
new prospective antitumor drug. Appl Organomet
Chem 2016; doi:10.1002/a0c.3684.

9. Saad EA, Hassanien MM, El-lban FW. Nickel(ll)
diacetyl monoxime-2-pyridyl hydrazone complex can
inhibit Ehrlich solid tumor growth in mice: A potential
new antitumor drug. Biochem Biophys Res Commun
2017;484(3):579-85. d0i:10.1016/j.bbrc.2017.01.137

10. Saad EA, Hassanien MM, El-mezayen HA, ELmenawy
NM. Regression of murine Ehrlich ascites carcinoma
using synthesized cobalt complex. Med Chem
Commun 2017;8:1103-11. doi:10.1039/C6MD00618C

11.Saad EA. Non-invasive Assessment of Liver Fibrosis
Using Serum Markers. J Pharm Chem Biol Sci
2014;2(2):59-76. http://www.jpcbs.info

12.Kennedy P, Ocrady J. Liver disease. In: Walker R and
Whittlesera C, editors. Clinical pharmacy and
therapeutic. 4™ edition, China: Churchill Livingstone;
2007, p. 215-231.

13.Saad EA, Toson E, Ahmed G. Clove or green tea
administration antagonizes khat hepatotoxicity in rats.
Int J Pharm Pharm Sci 2015;7(6):72-76.

14.WHO. Hepatitis C (Fact sheet, Updated April 2017)
http://www.who.int/mediacentre/factsheets/fs164/en/;
2017.

15. Attallah A, El-Far M, Abdel Malak C, Omran M, Farid
K, Yahya R, et al. A simple diagnostic index
comprising epithelial membrane antigen and
fibronectin for hepatocellular carcinoma. Annals of
Hepatology 2015;14(6):869-80.
doi:10.5604/16652681.1171774.

16.El-Emshaty HM, EA Saad, EA Toson, CA Abdel
Malak, NA Gadelhak. Apoptosis and cell proliferation:
correlation with BCL-2 and P53 oncoprotein
expression in human hepatocellular carcinoma.
Hepato-gastroenterology 2014;61(133):1393-401.

17.Li H-C, Lo S-Y. Hepatitis C virus: Virology, diagnosis
and treatment. World J Hepatol 2015;7(10):1377-89.
doi:10.4254/wijh.v7.i10.1377.

18. Par A, Vincze A, Par G. Non invasive diagnosis of
fibrosis in HCV infection: Role in the treatment
indication, follow-up, and the assessment of the
prognosis. Z Gastroenterol 2015;53-A40. doi:
10.1055/5-0035-1551882.

19.Trifan S, Stanciu P. Noninvasive diagnosis of the
degree of hepatic fibrosis using ultrasonography in
patients with chronic liver disease due to hepatitis C
virus. Eur J Clin Invest 2012;31:528-35.

20.Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan
SH, et al. Performance of the aspartate
aminotransferaseto-platelet ratio index for the staging
of hepatitis C-related fibrosis: an updated meta-
analysis. Hepatology 2011;53:726-36.

21.Cuadros DF, Branscum AJ, Miller FD, Abu-Raddad
LJ. Spatial epidemiology of hepatitis C virus infection

UPQA, Volume 8, Issue 4, October 2017 — December 2017

Page 172


http://dx.doi.org/10.1016/j.bbrc.2012.05.102
http://www.jpcbs.info/
http://www.who.int/mediacentre/factsheets/fs164/en/
http://europepmc.org/search?query=JOURNAL:%22Hepatogastroenterology%22&page=1

Entsar et al. / Diagnostic Performance of...

in Egypt: analyses and implications. Hepatology
2014;60(4):1150-9.

22.Blachier M, Leleu H, Peck-Radosavijevic M, Valla
DC, Roudot-Thoraval F. The burden of liver disease in
Europe: a review of available epidemiological data. J
Hepatol 2013;58(3):593-608.

23.Papastergiou V, Tsochatzis E, Burroughs AK. Non-
invasive  assessment  of liver  fibrosis. Ann
Gastroenterol 2012;25(3):218-31.

24.Huang H, Wu T, Mao J, Fang Y, Zhang J, Wu L, et
al. CHI3L1 Is aLiver-Enriched,  Noninvasive
Biomarker That Can Be Used to Stage and Diagnose
Substantial Hepatic Fibrosis. OMICS 2015;19(6):339-
45.

25.0mran MM, Farid K, Emran TM, Attallah AA. Fibro-
a score as a simple and useful non-invasive test for
predicting significant liver fibrosis inchronic hepatitis
C patients. Arab J Gastroenterol 2011;12(2):74-9.

26.Said M. Evaluation of routine biochemical indices and
a-fetoprotein versus histology in chronic hepatitis C
patients. Arab J Gastroenterol 2009;10(3):87-91.

27.Nielsen  MJ, Kazankov K, Leeming DJ, Karsdal
MA, Krag A, Barrera F, et al. Markers
of Collagen Remodeling Detect Clinically
Significant Fibrosis in Chronic  Hepatitis C

Patients. PLoS One 2015;10(9): e0137302.
28.Ueno T, Inuzuka S, Torimura T, Oohira H, Ko H, Obata
K, et al. Significance of serum type- IV collagen levels

in various liver diseases. Measurement with a one- step
sandwich enzyme immunoassay using monoclonal
antibodies with s pecificity for pepsin-solubilized type-
IV collagen. Scand J Gastroenterol 1992;27(6):513-20.

29.Yoneda M, Mawatari H, Fujita K, Yonemitsu K, Kato
S, Takahashi H, et al. Type IV collagen 7s domain is
an independent clinical marker of the severity of
fibrosis in patients with nonalcoholic steatohepatitis
before the cirrhotic stage. J Gastroenterol
2007;42(5):375-81.

30.lkeda H, Yatomi Y. Autotaxin in liver fibrosis. Clin
Chim Acta 2012;413(23-24):1817-21.

31.Nakagawa H, Ikeda H, Nakamura K, Ohkawa
R, Masuzaki R, Tateishi R, et al. Autotaxin as a novel
serum marker of Liver fibrosis. Clin Chim Acta
2011;412:1201-6.

32.Yamazaki T, Joshita S, UmemuraT, Usami Y, Sugiura
A, Fujimori N, et al. Association of Serum Autotaxin
Levels with Liver Fibrosis in Patients with Chronic
Hepatitis C. Scientific Reports 7,
Article number: 46705 (2017). doi:10.1038/srep46705

33.Saludes V, Gonzélez V, Planas R, Matas L, Ausina
V, Martré E. Tools for the diagnosis of hepatitis C
virus infection and hepatic fibrosis staging. World J
Gastroenterol 2014; 20(13):3431-42.

34.Manning DS, Afdhal NH. Diagnosis and quantitation
of fibrosis. Gastroenterology 2008;134(6):1670-81.

UPQA, Volume 8, Issue 4, October 2017 — December 2017

Page 173


http://www.ncbi.nlm.nih.gov/pubmed/?term=Blachier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23419824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leleu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23419824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peck-Radosavljevic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23419824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valla%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23419824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valla%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23419824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roudot-Thoraval%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23419824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papastergiou+V%2C+Tsochatzis+E%2C+and+Burroughs+AK+(2012).+Non-invasive+assessment+of+liver+fibrosis.+Ann+Gastroenterol.%2C+25+(2)%3A+218-231.+Review.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papastergiou+V%2C+Tsochatzis+E%2C+and+Burroughs+AK+(2012).+Non-invasive+assessment+of+liver+fibrosis.+Ann+Gastroenterol.%2C+25+(2)%3A+218-231.+Review.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26415140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26415140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26415140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26415140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26415140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26415140
http://www.ncbi.nlm.nih.gov/pubmed/26415140
http://www.ncbi.nlm.nih.gov/pubmed/26415140
http://www.ncbi.nlm.nih.gov/pubmed/26415140
http://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nielsen%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kazankov%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leeming%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karsdal%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karsdal%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krag%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barrera%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26406331
https://www.ncbi.nlm.nih.gov/pubmed/?term=Type+VI+Collagen%3A+Its+Biology+and+Value+as+a+Biomarker+of+Hepatic+Fibrosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ikeda%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22820036
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yatomi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22820036
https://www.ncbi.nlm.nih.gov/pubmed/22820036
https://www.ncbi.nlm.nih.gov/pubmed/22820036
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohkawa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21419756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohkawa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21419756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masuzaki%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21419756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tateishi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21419756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saludes%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Planas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Matas%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ausina%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ausina%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martr%C3%B3%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24707126
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saludes+V%2C+Gonz%C3%A1lez+V%2C+Planas+R%2C+Matas+L%2C+Ausina+V%2C+Martr%C3%B3+E+(2014).
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saludes+V%2C+Gonz%C3%A1lez+V%2C+Planas+R%2C+Matas+L%2C+Ausina+V%2C+Martr%C3%B3+E+(2014).

