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Abstract

Background: Autotaxin (ATX) is an emerging biomarker for liver fibrosis. Achievement of sustained virological
response (SVR) by direct-acting antivirals (DAAs) results in hepatic fibrosis regression in chronic hepatitis C (CHC)
patients. In this context, the clinical implications of ATX have not yet been well-defined. In this study, we aimed to
assess the impact of achieving SVR with DAA therapy on serum ATX levels and whether these levels can reflect the
regression of hepatic fibrosis in CHC patients. We evaluated serum ATX levels at baseline and 12 weeks post-DAA
therapy in 48 CHC patients. We compared ATX with FIB4 score and AST-to-Platelet Ratio Index (APRI) as regards the
detection of grade F3–4 fibrosis.

Results: Serum ATX levels were significantly declined in 47 patients after the achievement of SVR12 (p < 0.001). The
diagnostic ability of ATX for the detection of grade F3–4 fibrosis was inferior to FIB4 and APRI scores at baseline and SVR12.

Conclusion: Achievement of SVR with DAA therapy causes a significant decline in serum autotaxin concentrations,
suggesting early regression of hepatic fibrosis in CHC patients. However, its diagnostic capability for routine patient
monitoring and follow-up is still under debate.
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Background
Hepatitis C virus (HCV) infection causes chronic hepa-
titis and ultimately progresses to cirrhosis and hepato-
cellular carcinoma (HCC) [1]. Persistent chronic
hepatitis C (CHC) causes the transition of hepatic stel-
late cells to myofibroblasts, which results in excessive
extracellular matrix synthesis [2].
The disease progression into cirrhosis, hepatic cell fail-

ure, and HCC was positively correlated with the hepatic
histological features [3]. Hence, the estimation of hepatic
fibrosis stage in CHC patients is essential for the

determination of therapeutic modalities and surveillance
interval [4].
Liver biopsy is recommended as the golden method for

the diagnosis of liver fibrosis [5]. However, it is an invasive
procedure [6]; besides, it is not an optimal method for the
detection of hepatic fibrosis due to the sampling errors,
inter- and intra-observer variability, the risk of complica-
tions, and its cost [7]. These limitations have motivated
the evolution of serum markers for the non-invasive
evaluation of hepatic fibrosis. Serum markers are classified
into direct and indirect markers whether they reflect the
turnover of extracellular matrix [8].
Autotaxin (ATX) has been identified as a direct

marker for hepatic fibrosis. It is also known as ectonu-
cleotide pyrophosphatase/phosphodiesterase 2 (ENPP2),
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a lysophospholipase D that hydrolyses lysophosphatidyl-
choline to lysophosphatidic acid (LPA) [9], a lipid medi-
ator that stimulates G protein-coupled receptors to elicit
numerous cellular functions such as cell migration,
angiogenesis, neurogenesis, platelet aggregation, smooth
muscle contraction, and wound healing [10].
Physiologically, ATX circulates in the serum and is

metabolized by hepatic sinusoidal endothelial cells [11].
Moreover, chronic hepatitis has been reported to induce
ATX secretion from hepatocytes, and LPA has been
shown to trigger hepatic stellate cells, promote their
contraction, and inhibit their apoptosis [12]. Therefore,
ATX metabolism is thought to be compromised in pa-
tients with hepatic fibrosis leading to higher serum ATX
levels [11, 13].
It has been reported that ATX disrupts lipid homeo-

stasis and contributes to the progress of both fibrosis
and cancer [14]. Subsequently, raised serum ATX con-
centrations were identified in patients with CHC [15,
16], hepatitis B virus [17], non-alcoholic fatty liver dis-
ease [18], and primary biliary cholangitis [19], suggesting

ATX as a biomarker for chronic liver diseases regardless
of the initiating insult. Moreover, ATX expression was
increased in HCC [12], and it was associated with an in-
creased cellular invasion [20] and poor prognosis [21].
Additionally, increased serum ATX concentrations

were correlated with the histological grade of hepatic fi-
brosis [15] and the Child-Pugh score, demonstrating the
linkage of ATX and disease severity in cirrhotic patients
[13]. Furthermore, low serum ATX concentrations were
significantly correlated with longer survival time, further
proposing ATX as a prognostic marker of the severity of
hepatic disease [13].
Therefore, ATX is a new participant in the patho-

logical process of hepatic fibrosis and HCC and a pos-
sible novel target for therapy. Hence, a substantial effort
has been dedicated to creating synthetic ATX inhibitors
as adjuvant therapy in hepatic fibrosis and HCC [22].
For HCV eradication, direct-acting antivirals (DAAs)

achieved sustained virological response (SVR) in over
90% of treated patients [23]. However, in spite of viral
eradication, the risk of the progression of hepatic fibrosis
to cirrhosis and HCC remains [24]. Hence, hepatic fibro-
sis should be monitored after DAA therapy.
Several reports suggested that the achievement of SVR

with DAA therapy improves hepatic fibrosis in CHC pa-
tients [23, 25]; however, the changes of serum ATX
levels have been investigated in scarce studies in this
context [16, 26–28] and its ability to reflect the regres-
sion of hepatic fibrosis remains uncertain. Therefore, we
aimed to investigate the impact of achieving SVR with
DAA therapy on serum ATX levels and whether these
levels can reflect the regression of hepatic fibrosis in
CHC patients.

Methods
This prospective study included 48 CHC patients, all of
whom were eligible for DAA therapy. For 12 weeks, 35
patients were treated with sofosbuvir/daclatasvir, and 13
patients were treated with sofosbuvir/daclatasvir and a
weight-based dose of ribavirin, between September 2018
and Mars 2019, at Damanhour Medical National Insti-
tute, Beheira, Egypt.
Inclusion criteria were treatment-naïve CHC patients

who were older than 18 years. The diagnosis of CHC
was based on the existence of serum HCV antibodies
and detectable HCV RNA. Exclusion criteria were

Table 1 Patients’ characteristics at baseline and SVR12

Baseline (n = 48) SVR12 (n = 47) p value

ATX (pg/mL) 500.5 (399.5–667.5) 404 (331–518) < 0.001

ALT (IU/L) 42 (28–54) 21 (17–25) < 0.001

AST (IU/L) 36.50 (29–49) 21 (19–25) < 0.001

Albumin (mg/dL) 4.31 ± 0.60 4.47 ± 0.48 0.005

Creatinine (mg/dL) 0.86 ± 0.21 0.94 ± 0.14 < 0.001

Total bilirubin (mg/dL) 0.80 (0.6–1) 0.85 (0.7–1) 0.088

WBC (×103/μL) 6.48 (5.4–8) 5.60 (4.68–6.50) 0.007

Platelets (g/dL) 203.7 ± 82.83 204.9 ± 53.67 0.860

Hemoglobin (g/dL) 13.37 ± 1.63 13.15 ± 1.55 0.331

INR 1.07 ± 0.14 1.05 ± 0.11 0.009

AFP (ng/mL) 5.20 ± 1.0 4.52 ± 0.71 < 0.001

MELD score 7.45 ± 1.76 7.12 ± 1.43 0.045

Child-Pugh score 5.20 ± 0.41 5.10 ± 0.31 0.095

APRI score 0.46 (0.28–0.92) 0.25 (0.21–0.34) < 0.001

FIB4 score 1.63 (1.13–3.22) 1.29 (1.03–1.69) < 0.001

LS (kPa) 10.30 (7.15–14.45) 8.80 (6.70–11.60) < 0.001

AFP alpha-fetoprotein, ALT alanine aminotransferase, APRI AST-to-Platelet Ratio
Index, AST aspartate aminotransferase, ATX autotaxin, INR international
normalized ratio, LS liver stiffness, MELD Model for End-Stage Liver Disease,
WBC white blood cell count

Table 2 Serum ATX levels at baseline and SVR12 according to gender

Males (n = 23) Females (n = 24) p value

Serum ATX level (pg/mL), median (IQR) Baseline 500 (419.50–691) 501.50 (390–637.5) 0.798

SVR12 393 (343–588) 406 (329–510.75) 0.881

p value < 0.001 < 0.001

ATX autotaxin, IQR interquartile range
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patients who had another etiology of hepatic disease
(autoimmune hepatitis, primary biliary cirrhosis, alco-
holic liver disease, or non-alcoholic fatty liver disease),
decompensated hepatic disease (bilirubin > 3mg/dL,
serum albumin < 2.8 mg/dL, INR > 1.8, platelets < 50 ×
103), HCC, renal impairment, previous anti-HCV-viral
therapy, liver transplantation, and HBsAg or HIV-
positive patients.
For all patients, we evaluated serum samples and

non-invasive methods for liver fibrosis assessment at
baseline and 12 weeks post-treatment. SVR12 was de-
fined as undetectable serum HCV RNA at 12 weeks
post-treatment.
The study protocol conformed to the ethical guidelines

of the 1975 Declaration of Helsinki and its appendices
and was approved by the Ethics Committee of the Fac-
ulty of Medicine, Ain Shams University (FWA

000017585). Written informed consent was obtained
from each patient included in the study.

Detection of ATX
We estimated serum ATX concentrations by a sandwich
ELISA detection method (Cat No. SG-10887, SinoGeneClon
Biotech Co., Ltd., China), with a detection range of 60–2200
pg/mL and sensitivity of 5 pg/mL, and intra- and inter-assay
coefficients of variation were < 8% and < 10%, respectively.

Liver stiffness evaluation
The liver stiffness (LS) was estimated using Fibroscan®
(Echosens, 502 Touch, Paris, France). The median LSM
in kilopascals (kPa) was reported. According to Tsochat-
zis et al. [29], the following fibrosis staging cutoff values
were used: F0–F1 < 7 kPa, F2 = 7–9.4 kPa, F3 = 9.5–
11.9 kPa, and F4 > 12 kPa.

Fig. 1 Serum autotaxin levels in male and female patients at baseline and SVR12

Fig. 2 The sequential changes in serum autotaxin levels according to the grade of fibrosis after achieving SVR12.
SVR, sustained virological response
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Liver fibrosis scores
The Aspartate-to-Platelet Ratio Index (APRI) and Fibro-
sis 4 (FIB4) scores were evaluated using the following
formulas:
APRI score = (AST/upper limit of normal AST [IU/L])

× (100/platelet count [109/L]) [30].
FIB4 score = [Age (years) × AST (IU/L)]/[platelet

count (109/L) ×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ALT ðIU=LÞp

] [31].

Statistical analysis
Data were analyzed using IBM SPSS Statistics for Win-
dows, version 20 (IBM Corp., Armonk, NY, USA). Quali-
tative data were described using numbers and
percentages. Quantitative data were described using the
mean ± standard deviation (SD) or median and interquar-
tile range (IQR). The McNemar test was used to analyze
paired nominal variables. A paired t test was used for nor-
mally distributed quantitative variables. The Mann-
Whitney test, Wilcoxon signed-rank test, or Kruskal-
Wallis test with post hoc Dunn’s test was used for abnor-
mally distributed quantitative variables, as appropriate.
The trends in the serum ATX concentrations in accord-
ance with the fibrosis stage were assessed using the
Jonckheere-Terpstra test. Spearman’s rank correlation co-
efficient was used for the correlation between two abnor-
mally distributed quantitative variables. The sensitivities
and specificities of ATX and the fibrosis scores were esti-
mated using receiver operating characteristic curve (ROC)
analysis. A value of p < 0.05 was considered significant.

Results
We enrolled 48 CHC patients, 23 (47.9%) males and 25
(52.1%) females, with a mean age of 54.92 ± 10.72 years.

All the patients completed the treatment regimen and
follow-up. Forty-seven (97.7%) patients achieved SVR12.
Thirty-eight (79.2%) and 10 (20.8%) patients had Child-
Pugh score A5 and A6 at baseline, while 42 (87.5%) and
6 (12.5%) patients had Child-Pugh score A5 and A6 at
12 weeks post-treatment.
Serum ATX concentrations were significantly decreased

in the 47 patients who achieved SVR12 [404 (331–518) vs.
500.5 (399.5–667.5) pg/mL; p < 0.001] (Table 1). The
same significant decrease in serum ATX levels after treat-
ment was also reproduced by patient stratification accord-
ing to gender (p < 0.001) (Table 2 and Fig. 1). Female
patients had higher, but not significantly, serum ATX
levels compared to male patients at baseline and SVR12
(Table 2 and Fig. 1). The non-SVR patient had the highest
ATX value at baseline and 12 weeks post-treatment (6028
and 5128 pg/mL, respectively).
We observed that serum ATX levels increased con-

comitantly with the grade of liver fibrosis (Fig. 2). In
addition, those levels were significantly decreased in
each fibrosis grade at SVR12 (Table 3).
LS, FIB4, and APRI scores were also significantly

decreased at SVR12 (Table 1 and Table S1). Addition-
ally, there were statistically significant differences in
ALT, AST, albumin, creatinine, white blood cell
count, international normalized ratio, alpha-
fetoprotein (AFP), and MELD score at SVR12 com-
pared with baseline (Table 1).
No significant correlations were detected between

serum ATX levels and patients’ characteristics (Table S2).
The diagnostic performance of ATX for the differenti-

ation of grade F3–4 hepatic fibrosis was inferior to FIB4
and APRI scores at baseline and SVR12 (Tables 4 and 5
and Figures S1&S2).

Table 3 Serum ATX levels according to the fibrosis grade at baseline and SVR12

F0–1 F2 F3 F4 p value

Serum ATX level (pg/mL), median
(IQR)

Baseline 420 (371.25–595) 501 (444–547) 512 (390–1443) 549 (393.75–
1552.25)

0.389a,
0.043b

SVR12 361.50 (334–
445.75)

404.50 (322–
489)

417.50 (371.50–
1260.25)

451 (320–1275) 0.569a,
0.083b

p value 0.003 < 0.001 0.031 < 0.001

ATX autotaxin, IQR interquartile range
aKruskal-Wallis test
bJonckheere-Terpstra test

Table 4 The diagnostic performance for the detection of grade F3–4 fibrosis at baseline

Criterion Cutoff
value

AUC Se
(%)

Sp
(%)

PPV NPV 95% confidence limits p
valueUpper Lower

ATX ≥ 448 pg/mL 0.520 65.3 42.8 0.586 0.500 0.331 0.668 0.407

FIB4 ≥ 1.26 0.895 96.1 61.9 0.757 0.928 0.766 0.955 < 0.001

APRI ≥ 0.32 0.858 96.1 61.9 0.757 0.928 0.705 0.934 < 0.001

ATX autotaxin, APRI AST-to-Platelet Ratio Index, AUC area under the curve, NPV negative predictive value, PPV positive predictive value, Se sensitivity, Sp specificity
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Discussion
CHC patients manifest persistent inflammatory changes
and fibrogenesis throughout the clinical course of the
disease even after the progression to cirrhosis [32]. DAA
therapy achieved extremely high SVR rates, consequently
suppressing the hepatic inflammation and hindering the
progress of fibrosis. However, the extent of hepatic fi-
brosis regression should be assessed to decide which in-
dividuals remain at a high risk of HCC. Therefore,
simple and reliable non-invasive methods are required
to achieve this goal [16]; however, the value of serum
biomarkers for the evaluation of liver fibrosis following
DAA therapy has not been well evaluated [27].
We detected that serum ATX concentrations were sig-

nificantly decreased in CHC patients after achieving
SVR12. This is supported by the findings of other studies
[16, 26–28]. This significant difference was reproduced
when classifying the patients according to gender, as
previously proposed [16, 17, 27, 33].
ATX levels were higher in females than in males at

baseline and SVR12; however, the exact rationale for this
difference remains under debate. Ferry et al. [34] con-
cluded that there is excess ATX expression in, and release
from, adipocytes, which occupy a more significant volume
in adipose tissues in females than in males [35], suggesting
that as the reason for gender difference. However, this hy-
pothesis should be investigated in further studies.
It was reported that serum ATX concentrations correlate

with the hepatic fibrosis grade [15], that is, the progression
of fibrosis leads to impaired ATX clearance through the
dysfunction of endothelial cells [13]. Consistent with this
hypothesis, we observed an increasing trend of serum ATX
with the progression of hepatic fibrosis grade.
Our results partially agree with Ando et al. who con-

cluded that serum ATX levels significantly declined from
baseline to SVR12 in patients with F4 fibrosis grade,
while no changes were detected in patients with F2 and
F3 fibrosis grades [27].
In accordance with previous reports [16, 28], serum

ALT and AFP levels were also significantly decreased at
SVR12. Based on the fact that elevated ALT and AFP
levels reflect hepatic inflammatory changes and regener-
ation, and ATX is linked to the promotion of hepatic fi-
brosis [12, 15], these findings may indicate an
improvement of necroinflammatory changes and

possibly early regression of hepatic fibrosis that occurred
after DAA therapy.
Contrary to previous studies [13, 26–28, 33], no corre-

lations were detected between serum ATX concentra-
tions and LS, fibrosis indices, or laboratory
investigations in our study cohort. This discrepancy
could be attributed to the fact that all our patients are
Child-Pugh class A and unequal sample size.
We detected that the diagnostic performance of ATX

in predicting grade F3–4 hepatic fibrosis was inferior to
FIB4 and APRI scores at baseline and SVR12. In con-
trast, in Yamazaki et al.’s study [15], the AUC of ATX
(0.788) was comparable to those of FIB4 score (0.814)
and APRI (0.780).
The limitations of the current study are the lack of a paired

histological evaluation due to the invasiveness of hepatic bi-
opsy and the small number of patients who failed to achieve
SVR12. Further large-scale studies with a long-term follow-
up should be performed to determine whether the changes
in serum ATX concentrations can reflect the regression of
liver fibrosis and the incidence rates of HCC in CHC patients
after achieving SVR with DAA therapy.

Conclusion
Achievement of SVR with DAA therapy causes a signifi-
cant decline in serum autotaxin concentrations, suggest-
ing early regression of hepatic fibrosis in CHC patients.
However, its diagnostic capability for routine patient
monitoring and follow-up is still under debate.
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Table 5 The diagnostic performance for the detection of grade F3–4 fibrosis at SVR12

Criterion Cutoff
value

AUC Se
(%)

Sp
(%)

PPV NPV 95% confidence intervals p
valueUpper Lower

ATX ≥ 381 pg/mL 0.579 52.9 36.6 0.344 0.578 0.378 0.728 0.186

FIB4 ≥ 1.11 0.715 70.5 36.6 0.406 0.687 0.517 0.840 0.003

APRI score ≥ 0.24 0.645 76.4 50 0.464 0.789 0.458 0.778 0.035

ATX autotaxin, APRI AST-to-Platelet Ratio Index, AUC area under the curve, NPV negative predictive value, PPV positive predictive value, Se sensitivity, Sp specificity
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