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Abstract 

Background: HCV infection is a major health concern. Disease progression to fibrosis, cirrhosis, and HCC is aided by 
the persistence of inflammatory reactions and cellular damage. Moreover, angiogenesis was found to have a sub-
stantial pathogenic role in disease progression. Serum Angiopoietin-2 appears to be correlated with liver stiffness in 
chronic HCV and its elevation is linked to disease progression from chronic hepatitis to cirrhosis. The aim of this study 
was to evaluate the role of serum Angiopoietin-2 in the prediction of regression of fibrosis in chronic HCV patients 
receiving direct-acting antiviral agents. Forty Egyptian chronic HCV patients for whom direct-acting antiviral agent 
(DAA) therapy was planned were included. All patients underwent assessment twice, at baseline and at SVR12, for 
standard laboratory tests, measurement of fibrosis using FibroScan, FIB-4 and APRI scores, and Angiopoietin-2 level.

Results: Statistically significantly higher levels of baseline Ang-2 were detected with the progression of fibrosis 
stages with a p-value of <0.001. The best cutoff value of baseline Ang-2 in discrimination of liver cirrhosis (F4) from 
F0-F3 was > 630 pg/ml with 85.71% sensitivity and 84.85% specificity. A statistically significant decline of Ang-2 (from 
464.3±237.2 pg/ml to 401.3±277.1 pg/ml) was noted after the achievement of SVR12 with a p-value < 0.001. Regres-
sion of liver fibrosis in this study is defined as a decrease of more than or equal to one stage in liver fibrosis. Lower 
baseline fibrosis stages and other non-invasive scoring systems (FIB-4 and APRI scores) were associated with regres-
sion of fibrosis following successful DAAs treatment. However, higher baseline Ang-2 levels were significantly associ-
ated with non-regression of fibrosis, and at a cutoff of >680 pg/ml, it might predict non-regression of fibrosis after 
successful eradication of HCV with DAAs with 93.33% sensitivity and 70% specificity.

Conclusions: Angiopoietin-2 can be a useful predictor of fibrosis regression in chronic HCV patients receiving direct-
acting antiviral agents. Elevated baseline Angiopoietin-2 and advanced fibrosis stages may predict non-regression of 
liver fibrosis.
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Background
Hepatitis C virus (HCV) is a global health concern. It is 
thought to infect 130–170 million people worldwide [1], 
and about 70 million have chronic hepatitis C (CHC) [2].

The main triggering factor of CHC advancement is 
HCV persistence within the liver tissue, which maintains 

the inflammatory reactions and disrupts healing mecha-
nisms, leading to angiogenesis, fibrosis, cirrhosis, and 
hepatocellular carcinoma (HCC) [3].

Direct-acting antiviral agents (DAAs) have revolu-
tionized HCV treatment with a sustained virological 
response (SVR) exceeding 95% [4]. Most patients achiev-
ing SVR experience a reduction in liver fibrosis and have 
a lower risk of developing HCC [5].

However, some patients may develop liver fibrosis 
deterioration and/or HCC following successful HCV 
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eradication with IFN or DAAs. Thus, predicting changes 
in liver fibrosis following HCV treatment is a crucial clin-
ical concern [6].

Angiogenesis has been linked to CHC liver injury, with 
elevated levels of angiogenetic markers such as vascular 
endothelial growth factor (VEGF) and Angiopoietins in 
CHC patients [7].

Angiopoietins are a group of vascular growth factors, 
with Angiopoietin-1 (Ang-1) and Angiopoietin-2 (Ang-
2) being the most well-studied. These are tyrosine kinase 
receptor Tie-2 legends [8]. Ang-1 helps to sustain vas-
cular networks by acting as a preservation factor for the 
endothelium and boosting pericytes and smooth muscle 
cell recruitment, thereby stabilizing vascular networks. 
Ang-2 is a biological Ang-1 antagonist that is highly 
expressed at vascular remodeling sites. It lowers vascular 
stability and makes VEGF more accessible to endothelial 
cells [9].

The aim of this study is to evaluate the role of serum 
Angiopoietin-2 in the prediction of fibrosis regression in 
chronic hepatitis C virus patients receiving direct-acting 
antiviral agents.

Methods
This prospective study was carried out on 40 Egyp-
tian chronic HCV patients for whom DAA therapy was 
planned by the National Committee for Control of Viral 
Hepatitis (NCCVH) conforming to the ethical guidelines 
of the Declaration of Helsinki, during the period from 
April 2019 to December 2019.

Chronic HCV patients had positive HCV Ab for at 
least 6 months, and detectable quantitative HCV RNA. 
During the study, they were offered an individually cus-
tomized DAA regimen of sofosbuvir 400mg + daclatasvir 
60mg ± ribavirin 1000–1200mg for 3 months according 
to the Egyptian NCCVH protocol [10].

Co-infection with HBV or HIV, HCC, or extra-hepatic 
malignancies (except after 2 years of disease-free inter-
val); pregnancy; severe renal impairment; previous or 
current heavy alcohol consumption; failure to achieve 
SVR; Child C cirrhosis; or previous DAAs treatment 
experience were all considered exclusion criteria.

 I- Before enrollment in the study, all patients under-
went the following:

▪ Full history taking
▪ Thorough clinical examination for stigmata of 
chronic liver disease.
▪ Laboratory assessment including:

○ Full hepatic profile
○ Alpha-fetoprotein

○ Complete blood count
○ HCV quantitative RNA via polymerase chain 
reaction (PCR)
○ HBsAg, HCVAb, and HIVAb
○ Serum creatinine level

○ Angiopoietin-2 (Ang-2) measured by ELISA, Cat. 
No:E1221Hu, Human Angiopoietin-2 Quantikine 
Kit according to manufacturer instructions.

▪ Abdominal ultrasound: with an emphasis on 
liver size and echogenicity, splenic bi-polar diam-
eter, ascites, focal lesions, and portal vein diameter.
▪ Calculating APRI score: The AST to Platelet 
Ratio Index (AST (IU/L)/AST upper normal level 
(IU/L)) /platelet count  (109/L) × 100 [11].
▪ Calculating FIB-4 index: The Fibrosis-4 index is 
calculated as: [Age (years)×AST(IU/L)]/ [platelet 
count  (109/L) ×ALT1/2 (IU/L)] [12].

▪ Transient elastography: FibroScan® (Echosens, 
Paris, France). Liver stiffness measurement (LSM) 
was expressed in kilopascal (kPa) as F0–F1, 2.5–
6.9 kPa; F2, 7.0–9.4 kPa; F3, 9.5–12.4 kPa; and F4, 
greater than or equal to 12.5 kPa [13].

 II- All participants were followed up and evaluated 
by HCV RNA quantitation, Angiopoietin-2, FIB-4 
index, APRI score, and LSM by FibroScan before 
and 12 weeks after end of treatment (EOT).

Data were analyzed using the IBM SPSS V20. Descrip-
tive statistics were computed for quantitative data as 
mean and standard deviation. For qualitative data, chi-
square and marginal homogeneity tests were used. The 
paired t-test, Mann-Whitney U, Wilcoxon rank, and 
Kruskal-Wallis tests were used for quantitative data. Sig-
nificance level was as follows: p-value < 0.05 is significant 
and < 0.01 is highly significant, otherwise is insignificant.

Results
This study included forty chronic HCV patients, com-
prising 26 (65%) males and 14 (35%) females. Their mean 
age was 52.35±6.08. The median of their HCV-RNA was 
6.20 (5.30–6.65) log 10 IU/ml.

All patients experienced treatment with a personally 
tailored DAA regimen, with successful HCV eradication 
12 weeks after DAA termination, There had been a sig-
nificant improvement in most laboratory tests except for 
the hemoglobin and platelet count (Table 1).

On evaluation of LSM by FibroScan and calculating 
FIB-4 and APRI scores, there were statistically significant 
improvement of their values 12 weeks after EOT indicat-
ing regression of hepatic fibrosis (Tables 2 and 3).
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Statistically significantly higher levels of baseline Ang-2 
were noted with progression of fibrosis stages by FibroS-
can with p value <0.001 (Table 4).

A statistically significant decline of Ang-2 (from 
464.3±237.2 to 401.3±277.1 pg/ml) was noted 
after achievement of SVR12 with p value < 0.001 
(Table  5), with significant reduction in its levels among 

F0–F3 patients, while F4 patients experienced insignifi-
cant reduction (Table 6).

Different correlations between Ang-2 levels before 
and 12 weeks after treatment termination are shown in 
Table 7.

The best cutoff value of baseline Ang-2 in discrimina-
tion of liver cirrhosis (F4) from F0–F3 was >630 pg/ml 

Table 1 Comparison between different laboratory parameters before and 12 weeks after EOT

t paired t-test, Z Wilcoxon signed-ranks test, *significant

Variables Before treatment 12 weeks after 
treatment

Test of significance P-value

Hemoglobin (g/dL) Mean ± SD 13.39 ± 1.49 13.28 ± 1.50 t= 1.713 0.095

Range 10.80–16.40 10.70–16.40

TLC (×103/mL) Mean ± SD 5.46 ± 1.46 5.52 ± 1.51 t=3.028* 0.004*

Range 2.50–8.80 2.50–9.0

Platelets
(×103/mL)

Mean ± SD 254.9 ± 91.45 252.1 ± 87.51 t= 1.657 0.106

Range 84.0–426.0 103.0–420.0

AST
(IU/L)

Mean ± SD 37.25 ± 13.95 33.10 ± 13.74 Z= 5.102* <0.001*
Range 22.0–70.0 20.0–65.0

ALT
(IU/L)

Mean ± SD 38.33 ± 10.52 34.30 ± 9.99 t= 5.801* <0.001*
Range 25.0–65.0 20.0–58.0

Albumin (g/dL) Mean ± SD 3.88 ± 0.35 4.05 ± 0.33 t= 9.837* <0.001*

Range 3.0–4.60 3.30–4.70

Total bilirubin (mg/dL) Mean ± SD 0.85 ± 0.44 0.73 ± 0.32 Z= 5.520* <0.001*

Range 0.30–2.0 0.28–1.80

INR Mean ± SD 1.12 ± 0.18 0.97 ± 0.15 t= 6.376* <0.001*

Range 0.89–1.60 0.79–1.50

Table 2 Comparison between patients before and 12 weeks after EOT regarding APRI score, FIB-4 index, and FibroScan

t paired t-test, Z Wilcoxon signed-ranks test, *significant

Variables Before treatment 12 w after treatment Test of significance P

FibroScan (kPa) Mean ±SD. 8.96±3.38 7.21±3.57 t = 9.937* <0.001*

Range 2.50–16.30 1.0–15.40

FIB-4 Mean ±SD. 1.51±1.11 1.31±0.90 Z = 4.995* <0.001*

Range 0.47–5.16 0.44–4.14

APRI Score Mean ±SD. 0.47±0.40 0.38±0.32 Z = 4.445* <0.001*

Range 0.20–1.90 0.10–1.50

Table 3 Comparison between patients before and 12 weeks after EOT regarding FibroScan stages

MH marginal homogeneity test, *significant

Fibrosis staging Before treatment 12 weeks after treatment MH p

No. % No. %

F0/1 14 35.0 23 57.5 32.0* <0.001*

F2 11 27.5 8 20.0

F3 8 20.0 3 7.5

F4 7 17.5 6 15.0
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with 85.71% sensitivity and 84.85% specificity (Table  8, 
Fig. 1).

Regression of liver fibrosis stage in this study is defined 
as a decrease of more than or equal one stage in liver 
fibrosis for patients with stages from F2 to F4 data, and 
in patients with liver fibrosis F0/1, liver fibrosis stage did 
not worsen.

Subsequently, we analyzed different laboratory parame-
ters associated with non-regression of LSM after success-
ful HCV eradication by DAAs as lower baseline platelets 
and albumin and higher baseline AST, ALT, bilirubin, and 
INR (Table 9).

Lower baseline fibrosis stages and other non-invasive 
scoring system parameters (FIB-4 and APRI scores) were 
associated with regression of fibrosis following successful 
DAAs treatment (Table 9).

In evaluating Ang-2 as a possible predictor for regres-
sion of fibrosis after successful DAAs treatment, baseline 
higher levels were significantly associated with non-
regression of fibrosis (Table 10).

Ultimately, baseline Ang-2 at a cutoff of >680 pg/ml 
might predict non-regression of fibrosis after successful 
eradication of HCV with DAAs with 93.33% sensitivity 
and 70% specificity (Table 11, Fig. 2).

Discussion
HCV infection is a major health concern because it 
causes persistent liver damage. Disease progression to 
fibrosis, cirrhosis, and HCC is aided by the persistence 
of inflammatory reactions and cellular damage [14]. 

Table 4 Relation between Angiopoietin-2 and fibrosis staging 
before treatment

H Kruskal-Wallis test, U Mann-Whitney test, *significant

Fibrosis staging 
before treatment

N Angiopoietin-2 
before treatment

H or U p

Mean ± SD.

F0/1 14 300.7±45.31 29.006* 0.001*

F2 11 314.6±41.08

F3 8 605.0±125.9

F4 7 908.571±91.365

Table 5 Comparison between levels of Angiopoietin-2 before and 12 weeks after EOT

Z Wilcoxon signed-ranks test, *significant

Variable Before treatment 12 weeks after 
treatment

Z P

Angiopoietin-2 pg/ml Mean ± SD. 464.3±237.2 401.3±277.1 5.157* <0.001*

Range 240.0–1080.0 110.0–1000.0

Table 6 Comparison between levels of Angiopoietin-2 before and 12 weeks after EOT according to fibrosis stages

*significant

Angiopoietin-2 Differences Paired Test

Before treatment 12 weeks after treatment Mean SD t P-value

F0-F3 Range 240–720 110–700 77.879 76.598 5.841 <0.001*

Mean ±SD 375.455±140.492 297.576±171.647

F4 Range 830–1080 820–1000 18.571 28.536 1.722 0.136

Mean ±SD 908.571±91.365 890.000±65.574

T-Test t −9.565 −8.917

P-value <0.001* <0.001*

Table 7 Correlation between Angiopoietin-2 and different 
parameters

rs Spearman coefficient, *significant

Angiopoietin-2

Before treatment After treatment

rs p rs p

WBC -0.402 0.010* -0.260 0.105

Hb -0.262 0.103 -0.259 0.106

PLT -0.245 0.128 -0.256 0.110

AST 0.541 <0.001* 0.562 <0.001*

ALT 0.600 <0.001* 0.502 0.001*

Bilirubin 0.624 <0.001* 0.666 <0.001*

INR 0.557 <0.001* 0.039 0.812

Albumin -0.429 0.006* -0.361 0.022*

LSM 0.825 <0.001* 0.614 <0.001*

FIB-4 0.620 <0.001* 0.689 <0.001*

APRI 0.635 <0.001* 0.704 <0.001*

PV 0.379 0.016* 0.254 0.114
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As a result, accurate assessment of hepatic fibrosis has 
emerged as a fundamental priority during management 
of CHC progression [15].

Liver fibrosis is caused by an inappropriate wound-
healing response to persistent injury, which results in 
excessive matrix deposition and scarring, altering the 
structure and function of the liver [16]. Angiogenesis 
is encouraged at the same time to provide oxygen and 
nutrients to the injured tissues. However, chronic dam-
age disrupts the repairing processes, resulting in restrict-
ing blood supply, exacerbating tissue injury, fibrogenesis, 
and angiogenesis [17].

Through antagonistic autophosphorylation of the 
tyrosine kinase receptor, Tie2, Ang-2 is a potent regulator 
of neovascularization, vascular remodeling, and matura-
tion; it is also one of the most important signaling path-
ways in HCC [18].

DAAs are ground-breaking anti-HCV medications, 
with effective elimination of HCV in most patients. 
Yet, sometimes even after successful HCV eradication, 

liver function deterioration and development of HCC 
are observed, which may be linked to the progression 
of fibrosis. Thus, evaluating liver fibrosis regression fol-
lowing successful HCV eradication is an important issue 
[19].

The aim of our study is to evaluate the role of Angi-
opoietin-2 in the prediction of regression of fibrosis fol-
lowing successful HCV eradication with DAAs.

Our study showed significant improvement in ALT, 
AST, and hepatic synthetic functions (albumin, bilirubin, 
and INR) at SVR12 with a P value of <0.001. This agreed 
with van der Meer et al. [20], who found that ALT, AST, 
and alkaline phosphatase significantly declined 12 weeks 
after successful DAA treatment.

On assessment of hepatic fibrosis with transient elas-
tography (FibroScan®), the current study revealed a sig-
nificant downstaging of fibrosis and LSM degree (from 
8.96±3.38 to 7.21±3.57) kPa after successful HCV eradi-
cation with a p value <0.001. These results agreed with 
Bachofner et al. [21] who detected a significant decline in 

Table 8 Agreement for pretreatment Angiopoietin-2 (pg/ml) in discrimination of F4 cirrhosis (n=7) from F0–F3 (n=33)

*significant

AUC p 95% CI Cut off Sensitivity Specificity PPV NPV

Angiopoietin-2 0.978 <0.001* 0.932–1.024 >630 85.71 84.85 54.5 96.6

Fig. 1 ROC curve for pretreatment Angiopoietin-2 in discrimination of F4 cirrhosis from F0–F3
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Table 9 Comparison between patients with and without fibrosis regression regarding different laboratory parameters, liver stiffness, 
and other fibrosis scoring systems

*significant

Group T-Test
Regression Non-regression t P-value

T-test t P-value
PLT Range 84–426 92–325 2.789 0.008*

Mean ±SD 276.367±86.146 190.400±78.543

AST Range 22–64 25–70 −3.648 0.001*

Mean ±SD 33.200±10.350 49.400±16.715

ALT Range 25–65 28–63 −2.771 0.009*

Mean ±SD 35.867±8.908 45.700±11.963

Bilirubin Range 0.3–1.4 0.53–2 −5.588 <0.001*

Mean ±SD 0.676±0.243 1.356±0.528

INR Range 0.89–1.4 1.05–1.6 −5.303 <0.001*

Mean ±SD 1.059±0.087 1.320±0.228

Albumin Range 3.4–4.6 3–4.1 3.148 0.003*

Mean ±SD 3.967±0.315 3.600±0.330

Chi-square N % N % χ2 P-value
Fibrosis staging F0–F3 29 96.67 4 40.00 16.681 <0.001*

F4 1 3.33 6 60.00

T-test t P-value
LSM Range 2.5–14.7 7.9–16.3 −4.255 <0.001*

Mean ±SD 7.863±2.829 12.240±2.776

FIB-4 Range 0.47–4.72 0.8–5.16 −3.958 <0.001*

Mean ±SD 1.172±0.751 2.541±1.404

APRI Range 0.2–1.9 0.2–1.6 −3.460 0.001*

Mean ±SD 0.360±0.311 0.810±0.472

Table 10 Comparison between pretreatment and 12 weeks after EOT Angiopoietin-2 levels in patients with and without fibrosis 
regression

 *significant

Group T-test

Regression Non-regression t P-value

Ang-2 before treatment Range 240–1080 260–960 −4.102 <0.001*

Mean ±SD 391.667±184.112 700.000±263.944

Ang-2 12 weeks after treatment Range 120–1000 110–940 −3.554 0.001*

Mean ±SD 322.333±203.888 638.000±340.353

Differences Mean ±SD 69.333±63.893 62.000±102.285

Paired test P-value <0.001* 0.088

Table 11 Best cut off for pretreatment Angiopoietin-2 in predicting fibrosis regression

Cutoff Sens. Spec. PPV NPV Accuracy

Ang-2 ≤680 93.33 70.00 90.3 77.8 81%
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fibrosis degree during and shortly after DAAs termina-
tion from 12.65 to 8.55 kPa.

While using biomarker-based fibrosis methods, 
APRI and FIB-4 scores showed a statistically significant 
improvement of fibrosis at SVR12. These results agreed 
with previous studies by Knop et al. [22] and Elsharkawy 
et  al. [23], revealing significant improvement of such 
scores on achieving SVR.

A possible explanation for the decline in liver stiff-
ness in cirrhotic HCV patients who achieved SVR is that 
healing comprises two phases. The first phase is stiffness 
decline, which is influenced by a reduction in necro-
inflammatory activity, while the second phase may be 
more influenced by the regression of fibrosis [24].

Angiogenesis and fibrosis are critical phenomena in 
the pathogenesis of chronic liver disease and hepatocar-
cinogenesis. However, it is unclear whether angiogenesis 
occurs concurrently with the onset of fibrosis or plays 
a causal role in fibrosis. Angiogenesis causes collagen 
fibril condensation, which results in mechanical force-
mediated activation of hepatic stellate cells (HSCs) [25]. 
Angiogenic factors, such as Ang-2, are secreted by liver 
sinusoidal endothelial cells (LSECs), which may contrib-
ute to angiogenesis and the activation of HSCs, as well as 
the advancement of liver fibrosis [26].

In this study, elevated levels of baseline Ang-2 were 
detected at advanced stages of liver fibrosis with a p value 
of 0.001. Its levels were also significantly higher in F4 
patients compared to F0-F3 collectively with a p value of 
< 0.001. These findings agreed with those of Hernández-
Bartolomé et al. [15], who discovered that Ang-2 serum 
levels increased progressively with the advancement of 
fibrosis stages, and that Ang-2 was accurate in differen-
tiating between different fibrosis stages (F1, F2, and F3) 
in 107 CHC patients. It also agreed with Makhlouf et al. 
[27], who discovered that Ang-2 serum levels had an 
independent, significantly positive relationship with liver 
fibrosis stages.

Consequently, significantly positive correlations were 
noted between baseline Ang-2 and AST, ALT, total bili-
rubin, and INR, whereas a negative correlation was noted 
with serum albumin.

These results were in conformity with previous data 
from Osawa et al. [28], who noted that Ang-2 was posi-
tively correlated with prothrombin time, LSM, and 
albumin bilirubin score but negatively correlated with 
platelets and albumin, which indicates that Ang-2 reflects 
the degree of liver fibrosis and function. Therefore, Ang-
2, angiogenesis, and fibrosis were all linked in CHC 
patients.

Fig. 2 ROC curve of pretreatment Angiopoietin-2 value in prediction of fibrosis regression
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Moreover, regarding fibrosis degree measurement, sig-
nificantly positive correlations between baseline Ang-2 
and LSM, FIB-4, APRI, and portal vein diameter were 
noted, and these agreed with Hernández-Bartolomé et al. 
[3] and Kawagishi et  al. [29], who reported that Ang-2 
levels were substantially correlated with LSM and spleen 
size, which are parameters associated with portal hyper-
tension, implying that portal hypertension-induced slow 
blood flow may enhance Ang-2 expression.

As a result, Osawa et  al. [28] compared the perfor-
mance of Ang-2 in the prediction of liver fibrosis to 
that of the well-known fibrosis prediction indices, FIB-4 
index, APRI score, and LSM, where Ang-2 discriminated 
F2–F4 patients from F1 patients with a superior perfor-
mance to that of FIB-4 and APRI. However, LSM showed 
superior predictive ability.

In the current study, we found that the best cutoff value 
of baseline Ang-2 in the discrimination of liver cirrhosis 
(F4) from F0–F3 was >630 pg/ml with 85.71% sensitivity 
and 84.85% specificity.

On achievement of SVR12, Ang-2 levels significantly 
declined in all patients in comparison to baseline. With 
a significant reduction among F0–F3 patients (p value 
<0.001), yet the reduction in F4 patients yielded insig-
nificant (p value 0.136). These results are in conformity 
with Osawa et  al. [28] who explained this reduction by 
that improvement in inflammation by DAAs can reduce 
the angiogenic response of LSECs, resulting in decreased 
Ang-2 secretion.

In the present study, 75% (30/40) of patients experi-
enced regression of the LSM based liver fibrosis stage 
and 25% (10/40) experienced non-regression. Compari-
son of both groups revealed that higher AST, ALT, INR, 
and bilirubin, and lower albumin and platelet count were 
significantly associated with non-regression of fibro-
sis after successful HCV eradication. This agreed with 
Hernández-Bartolomé et al. [15] who demonstrated that 
age, platelet count, INR, AST, and GGT are significant 
independent variables linked to liver fibrosis.

The present results demonstrated that baseline 
advanced fibrosis stage (F4) and Ang-2 levels are signifi-
cant determinants of non-regression after DAAs therapy. 
And this was in agreement with Kawagishi et  al. [29], 
who reported the same results at SVR24. Also, Kawagi-
shi et al. [19] followed patients for a longer duration and 
confirmed such results at SVR96.

Furthermore, Mauro et al. [6] discovered that pretreat-
ment high hepatic venous pressure gradient and LSM are 
significant predictors of non-regression of liver fibrosis 
after SVR by DAAs in liver transplantation patients.

Ultimately, our results showed a significant reduc-
tion in Ang-2 levels after DAAs therapy among those 

who experienced regression of liver fibrosis (p value < 
0.001), yet, insignificant reduction in non-regression 
patients (p value 0.088).

Taking together the results of the current study, high 
baseline serum Ang-2 might predict non-regression 
in liver fibrosis after successful HCV eradication with 
DAAs. At a cut of > 680 pg/ml, it showed 93.33% sensi-
tivity and 70% specificity.

Interestingly, Lefere et  al. [30] found that serum 
Ang-2 levels were significantly higher in NASH patients 
than in those with simple liver steatosis. Furthermore, 
in a NASH mouse model, inhibiting Ang-2 reduced 
hepatocyte ballooning and fibrosis.

Thus, Ang-2 inhibitors may be effective in reduc-
ing liver fibrosis progression and HCC occurrence in 
patients with elevated Ang-2 levels and non-regression 
of liver fibrosis after successful HCV eradication.

The limitations of this study are the small number of 
patients evaluated and the limited monitoring duration.

Therefore, further studies with a larger number of 
patients and a longer follow-up period after treatment 
are needed to validate the role of Angiopoietin-2 as a 
useful predictor of fibrosis regression after successful 
HCV eradication.

Conclusions
Angiopoietin-2 can be a useful predictor of fibrosis 
regression in chronic HCV patients receiving direct-
acting antiviral agents.

Elevated baseline Angiopoietin-2 and advanced fibro-
sis stages may predict non-regression of liver fibrosis.
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