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Abstract

Background: Factors associated with improvement of liver fibrosis after successful hepatitis
C virus (HCV) eradication by interferon (IFN)-free direct-acting antiviral agents (DAAS)
have been not clarified well. Angiopoietin-2 (Ang2) is reported to be associated with vascular
leak and inflammation observed in patients with advanced liver fibrosis.

Methods: In this retrospective study, patients treated with IFN-free DAAs who underwent
transient elastography before and at 24-weeks post-treatment and achieved sustained viral
response were enrolled. Baseline serum Ang2 was measured, and its relationship with other
clinical factors was analyzed. Liver fibrosis stage was defined based on liver stiffness
according to a previous report. Predictive factors for regression of liver fibrosis stage after
DAA therapy were evaluated.

Results: Overall, 116 patients were analyzed. Baseline serum Ang2 levels were significantly
associated with liver stiffness, spleen index, and liver stiffness-based liver fibrosis stage.
Moreover, 75% of patients experienced regression of liver fibrosis stage after DAA therapy.
Multivariate analysis revealed that advanced liver fibrosis stage and Ang2 levels were
significantly associated with regression of liver fibrosis stage after DAA therapy. In patients
with advanced liver fibrosis (F3/4), baseline Ang2 level alone could predict regression of
liver fibrosis stage. A baseline Ang2 cutoff value (354 pg/ML) could predict regression of
liver fibrosis stage after DAA therapy with high accuracy (sensitivity 0.882, specificity
0.733).

Conclusions: Evaluation of serum Ang2 levels before DAA therapy is important. Our results
provide a novel mechanistic insight into non-regression of liver stiffness after DAA therapy.

Long-term and larger studies are required.

Keywords: HCV, DAAs, angiopoietin-2, liver stiffness measurement
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Introduction

Hepatitis C virus (HCV) infection is the major cause of liver cirrhosis and
hepatocellular carcinoma (HCC); thus, effective and safe treatment is crucial. Recently
developed direct-acting antiviral agents (DAAs) revolutionized the treatment of
HCV-infected patients; thus, even HCV-infected patients with complications such as
advanced liver fibrosis, renal dysfunction, and co-infection of human immunodeficiency
virus could achieve sustained viral response (SVR) at a high rate [1-4].

Several studies on interferon (IFN)-based therapy for patients with HCV infection
revealed that a subset of patients who achieved successful HCV eradication experienced
improvement of liver fibrosis [5, 6]. Tachi et al. revealed that 45% of patients who
experienced HCV eradication by IFN experienced regression of liver fibrosis stage; however,
in 48% and 6% of the patients, the liver fibrosis stage did not change or worsened,
respectively [5]. Moreover, a study revealed that progressive liver fibrosis after successful
HCV eradication is an independent risk factor of HCC occurrence [5].

Similar to IFN-based therapy, Mauro et al. reported that after SVR by DAA therapy in
post-liver transplant recurrent hepatitis C, 43% of patients with liver cirrhosis experienced
liver fibrosis regression, that is, more than half of the liver-transplanted patients with liver
fibrosis did not improve or progressed even after successful HCV eradication [7].
Additionally, when sofosbuvir (SOF) and velpatasvir were used for HCV-infected patients
with decompensated liver cirrhosis, after successful HCV eradication, 42% and 11% of
patients experienced no change or had a worse Child-Pugh score [8]. Moreover, Takehara et
al. [1] reported that 21% of HCV-infected Japanese patients with decompensated liver

cirrhosis treated with SOF and velpatasvir experienced no change of the Child-Pugh score.
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Based on these previous reports, even after HCV eradication, some subsets of patients
with successful HCV eradication experience liver fibrosis progression, which could be a risk
factor for HCC after HCV eradication. However, risk factors of liver fibrosis progression
after HCV eradication have not been clarified. Recently, Seko et al. reported that the presence
of varices was an independent predictor of liver function after successful HCV eradication by
DAA therapy [9]. Thus, we hypothesized that portal hypertension-induced hypoxia might be
involved in non-regression of liver fibrosis stage after HCV eradication.

Angiopoietin-2 (Ang2) is a context-dependent antagonist of the Tie2-mediated
signaling which is associated with vessel stabilization [10, 11]; thus, increased Ang2 level
causes vascular leak and inflammation. Moreover, elevated serum Ang2 level was observed
in patients with advanced liver fibrosis and HCC [12]. Importantly, portal
hypertension-induced slow blood flow could increase Ang2 expression [13, 14]. Recently,
several studies revealed that high Ang2 expression could predict de novo or recurrent HCC
after DAA therapy, mortality, and worse kidney outcomes in decompensated cirrhosis and
nonalcoholic steatohepatitis (NASH) [12, 14, 15].

The gold standard for liver fibrosis diagnosis is liver biopsy. However, liver biopsy
occasionally causes severe complications and is prone to sampling error. Recently, several
non-invasive methods for the evaluation of liver fibrosis have been developed. FibroScan
(Echosens, Paris, France) can perform liver stiffness measurement (LSM) for liver fibrosis
assessment with great accuracy [16]. Thus, in this study, we hypothesized that serum Ang2
might predict non-regression of liver fibrosis stage after successful HCV eradication by

DAAs and, by evaluating liver fibrosis using LSM, we aimed to analyze this hypothesis.
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Methods
Patients and study design

In this retrospective study at Hokkaido University Hospital conducted between
October 2014 and July 2016, a total of 206 patients with HCV infection who received
IFN-free DAA therapy were screened. Patients were included if they had complete clinical
information, preserved serum samples, and paired FibroScan LSM for liver fibrosis
assessment at baseline and had achieved SVR at week 24 (SVR24). Patients were excluded if
they did not achieve SVR, had a history of liver transplantation, had missing clinical
information, were co-infected with human immunodeficiency virus or hepatitis B virus, had
another liver disease, had severe renal dysfunction with hemodialysis, did not undergo paired
FibroScan examination at baseline and SVR24, and had a history of HCC.

Patients were assessed via physical examinations and blood tests at baseline and every 2
weeks during the treatment, and every 3 months after treatment termination. In this study,
data were collected at baseline, SVR24, and end of treatment (EOT).

Serum Ang?2 levels were measured by a commercial enzyme-linked immunosorbent
assay according to the manufacturer’s protocol (R&D Systems, Minneapolis, MN, USA).

The study was approved by the ethics committee of Hokkaido University Hospital. The
protocol of this study conformed to the ethical guidelines of the Declaration of Helsinki and

was registered at the UMIN Clinical Trials Registry as UMIN000031091.

LSM and controlled attenuation parameter
FibroScan 502 (Echosens, Paris, France) was utilized for LSM and controlled
attenuation parameter (CAP) evaluation with the M-probe and XL-probe. As described

previously, each patient was placed in the supine position with the right hand at the most
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abducted position during the procedure [17]. At least 10 valid measurements were obtained,

and effective measurements were defined as those >60% with an interquartile range of <30%.

Definition of liver fibrosis stage according to transient elastography data
In this study, fibrosis stage was defined using transient elastography data (Fibroscan;
Echosens, Paris, France); cut-off values were 7.1 kPa for F > 2, 9.5 kPa for F > 3, and 12.5

kPa for F4, according to a previous report [18].

Regression of liver fibrosis stage

In this study, we defined regression of liver fibrosis stage as follows: in patients with
liver fibrosis F2 to F4 stage based on FibroScan data, after successful HCV eradication, liver
fibrosis stage decreased more than 1 stage, and in patients with liver fibrosis F0/1, liver

fibrosis stage did not worsen.

Spleen index
Spleen size was evaluated by ultrasonography according to the spleen index: transverse

diameter X vertical diameter % 0.9 [19].

Statistical analyses

Continuous variables were analyzed with the paired Mann-Whitney U-test, Wilcoxon
test, or one-way analysis of variance, as appropriate. Categorical data were analyzed by the
chi-squared test. Cutoff point was based on the receiver operating characteristic (ROC) curve
by maximizing the Youden index. The relationship between two variables was analyzed by
Spearman’s rank correlation. A multivariate logistic regression analysis with stepwise

forward selection was performed with variables regarded significant at P<0.001 in the
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univariate analyses. All P-values were two-tailed, and the level of significance was set at P
<0.05. Statistical analyses were performed using SPSS version 24.0 (IBM Japan, Tokyo,

Japan) and Prism 7.03 (GraphPad Software, Inc., La Jolla, CA).

Results

Patients

A total of 206 HCV-infected patients who received IFN-free DAA therapy between October
2014 and January 2016 were screened. Of these 206 patients, 116 who had paired FibroScan
examination data at baseline and SVR24, complete clinical information, and preserved serum
were included in this study (Figure S1). The baseline characteristics of the enrolled patients
are shown in Table 1. Mean age was 66 (range, 22—87) years, and 43 (37.1%) were male.
Overall, 20, 49, 42, and 5 patients were treated with daclatasvir plus asunaprevir (ASV), SOF
plus ledipasvir, SOF plus ribavirin, and ombitasvir plus paritaprevir boosted with ritonavir,
respectively. In LSM-based liver fibrosis evaluation, 64, 20, 9, and 23 patients were classified
as having FO-1, F2, F3, and F4, respectively. The baseline median HCV-RNA titer was 6.3
Log IU/mL (3.6-7.2), aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
levels were 39 IU/L (range, 14—180) and 38 IU/L (range, 6-273), respectively, and the spleen

index was 25.9 (11.1-59.1).

Correlation between baseline Ang2, LSM, and liver fibrosis stage based on FibroScan

data or spleen index
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Because previous studies showed that portal hypertension-induced slow blood flow
could cause increased Ang2 expression [13, 14], we evaluated the relationship between
baseline serum Ang2 level and factors related to portal hypertension, namely, LSM, spleen
index, and LSM-based liver fibrosis stage. As shown in Figure 1A, baseline LSM and serum
Ang? levels were significantly correlated (r =0.35, P=0.01). Additionally, as shown in Figure
1B, this correlation became stronger in patients with advanced liver fibrosis (r =0.56,
P<0.001). Similar to LSM, baseline spleen index and serum Ang2 level were significantly
correlated (r =0.22, P=0.02; Figure 1C), and this correlation was stronger in patients with
advanced liver fibrosis (r =0.41, P =0.03; Figure 1D).

Moreover, baseline Ang2 levels were significantly different among LSM-based
fibrosis stages and were significantly higher in patients with F3/4 than in those with FO to F2
(Figure 1E and 1F). Additionally, we analyzed the relationship between the existence of
esophageal varices and baseline serum Ang?2 level in patients who underwent endoscopy
before DAA therapy (n=10). As shown in Figure S2, Ang2 level had a tendency to be higher
in patients with esophageal varices than in those without esophageal varices. These results
indicated that serum Ang2 level is associated with portal hypertension-induced clinical
features.

On the contrary, as shown in Supplementary Figure 3, Ang2 level did not show

significant correlation with liver steatosis (CAP value).

Changes in liver fibrosis stage based on FibroScan data after successful HCV
eradication by DAA therapy
As shown in Table 2, 87 (75%) patients experienced regression of LSM-based liver

fibrosis stage, and 29 (25%) patients experienced non-regression of liver fibrosis stage.
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Factors associated with non-regression of LSM-based liver fibrosis stage after successful
HCYV eradication
Subsequently, we analyzed the factor associated with regression of LSM-based liver

fibrosis stage after successful HCV eradication by DAAs. Univariate analysis revealed that
baseline fibrosis stage (P<0.001), baseline platelet count (P<0.001), AST (P<0.001), Ang2
level (P<0.001), FIB-4 index (P<0.001), albumin level (p=0.013), and spleen index (P=0.017)
were significantly associated with progression of liver fibrosis stage after successful HCV
eradication by DAAs.

Then, we carried out a multivariate logistic regression analysis using the factors with
p value <0.001 in the univariate analysis (fibrosis stage (P<0.001), baseline platelet count
(P<0.001), AST (P<0.001), FIB-4 index (P<0.001), and Ang?2 level (P<0.001)). Multivariate
analysis revealed that baseline fibrosis stage (odds ratio 4.474; 95% confidence interval,
1.651-12.125; P=0.003) and Ang?2 level (odds ratio 1.004; 95% confidence interval, 1.001—
1.007; P=0.006) were significantly associated with regression of liver fibrosis stage based on
FibroScan data after DA A therapy (Table 3). Because baseline fibrosis stage affects
regression of liver fibrosis stage, we conducted stratified analysis according to baseline
fibrosis stage (FO to F2 and F3/4). As shown in Table S1, in patients with baseline fibrosis
stage of FO to F2, fibrosis stage, white blood cell count, FIB-4 index, and platelet count are
significantly associated with regression of liver fibrosis stage after DAA therapy.

Importantly, in patients with baseline fibrosis stage of F3/4, as shown in Table 4,
baseline Ang2 alone is significantly associated with regression of liver fibrosis stage after
DAA therapy.

Additionally, because the baseline LSM-based liver fibrosis stage might be affected
by inflammation due to HCV infection and the transient elastography data were affected by

HCYV eradication, we conducted additional analysis to minimize the effect of decreased
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inflammation due to HCV eradication. We compared the regression of liver fibrosis stage at
EOT, SVR24, and SVR96. In this study, a total of 24 patients were evaluated by transient
elastography at baseline, EOT, and SVR24. Of those, 22 patients were evaluated by transit
elastography data at baseline, EOT, SVR24, and SVR96. Then, we evaluated the regression
of LSM-based liver fibrosis stage in those patients at EOT, SVR24, and SVR96. As shown in
Supplementary Table 2, regression of LSM-based liver fibrosis stage between EOT and
SVR24 was significantly associated with AST level, FIB4 index, and Ang?2 level at EOT.
Importantly, as shown in Supplementary Table 3, regression of LSM-based liver fibrosis
stage between EOT and SVR96 was significantly associated with only the Ang2 level and
liver fibrosis stage 3/4 at EOT. Although the number of patients was limited, after
minimization of inflammation due to HCV infection, Ang2 level was still significantly

associated with LSM-based liver fibrosis stage regression after DAA therapy.

Ang?2 level between patients with or without regression of liver fibrosis stage and
changes in Ang2-level between baseline and EOT

Subsequently, we compared the baseline Ang2 level stratified according to liver
fibrosis stage with or without regression of liver fibrosis stage after DAA therapy. As shown
in Figure 2A and 2B, in patients with fibrosis stages F3, F4, and F3/4, the mean Ang2 levels
were significantly higher in patients with liver fibrosis non-regression than in patients with
liver fibrosis regression. Then, we analyzed changes in Ang2 level before and after DAA
treatment. As shown in Figure S4A, overall, the mean Ang?2 levels significantly decreased
after DAA therapy; however, in patients with baseline advanced liver fibrosis (F3/4), the
mean Ang2 levels were similar between before and after DAA treatment (Figure S4B). In the
subgroup analysis stratified according to fibrosis stage (FO—F2 and F3/4) with or without

regression of liver fibrosis stage after DAA therapy, patients with non-regression of liver

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

fibrosis stage after DAA therapy and baseline fibrosis stage F3/4 had a tendency to show an
increased Ang2 level in contrast to those with regression of liver fibrosis stage and baseline

fibrosis stage F3/4 (Figure S4C).

Baseline Ang?2 levels as predictive factors of progression of liver fibrosis stage after

successful HCV eradication by DAA therapy

Subsequently, we conducted ROC analysis to determine the cutoff baseline Ang2
level associated with non-regression of liver fibrosis stage after successful HCV eradication
by DAA therapy. As shown in Figure 3A, the cutoff value was set at 354 pg/mL (sensitivity,
0.882; specificity, 0.733; ROC-AUC, 0.855). As shown in Figure 3B and 3C, in patients
with baseline advanced liver fibrosis (F3/4), 59.4% (19/32) had baseline Ang?2 level more
than 354 pg/mL. Of those, 79% (15/19) experienced non-regression of liver fibrosis stage
(Figure 3B). A total of 40.6% (13/32) had baseline Ang2 level <354 pg/mL, of which 85%

(11/13) experienced regression of liver fibrosis stage (Figure 3C).

Discussion

Recent development in DAAs has dramatically change anti-HCV therapy with high
SVR rate and safety, even in patients with other complications and advanced liver fibrosis,
including decompensated liver cirrhosis [1, 4, 20-26]. After successful HCV eradication, the
risks of HCC occurrence and liver fibrosis progression have generally decreased; however, a
definite number of patients experienced liver fibrosis progression even after successful HCV
eradication by DAAs [5, 6]. Liver fibrosis progression after successful HCV eradication is a
clinically important issue because it predicts HCC occurrence [5], and in patients with

decompensated liver cirrhosis, it could cause fatal hepatic failure. Therefore, predicting HCC
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and liver fibrosis progression is clinically crucial; however, the prediction methods have not
been clarified.

In the present study, 75% (87/116) of the patients experienced improvement of
LSM-based liver fibrosis stage (Table 2). The multivariate analysis revealed that baseline
liver fibrosis stage based on LSM and baseline serum Ang2 levels were significantly
associated with non-regression of liver fibrosis stage after successful HCV eradication by
DAA therapy (Table 3). The association between baseline advanced fibrosis stage and liver
fibrosis progression after DAA therapy is consistent with that in a previous report [5], which
showed that liver fibrosis stage (FO—F2 vs F3/4) was associated with progression of liver
fibrosis after IFN-based therapy. However, compared with the previous report [5], the rate of
improvement of liver fibrosis stage was high in the present study. These discrepancies might
be attributable to the different liver fibrosis diagnostic methods used for pathological
evaluation and LSM-based liver fibrosis staging. The LSM-based liver fibrosis stage could be
affected by inflammation due to HCV infection; thus, this should be considered when
comparing present with previous findings based on liver biopsy.

The multivariate analysis also revealed that baseline Ang2 levels significantly
predicted regression of liver fibrosis stage after successful HCV eradication. In the subgroup
analysis of patients with baseline advanced liver fibrosis (F3 and F4 stage), baseline Ang2
levels alone could predict progression of liver fibrosis stage after successful HCV eradication
(Table 4). Thus, baseline serum Ang?2 level might be a significant factor associated with liver
fibrosis non-regression after successful HCV eradication by DAAs, especially in patients
with advanced liver fibrosis. In the present study, as well as in a previous report [12], Ang2
levels were significantly correlated with LSM and spleen size, which are factors associated

with portal hypertension (Figure 1A-D) [27]. This result is consistent with those in previous
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reports that portal hypertension-induced slow blood flow could increase Ang2 expression [13,
14].

Recently, Seko et al. reported that the presence of varices was an independent predictor
of deterioration of the FIB-4 index after successful HCV eradication by DAAs [9].
Additionally, Mauro et al. revealed that pretreatment of high hepatic venous pressure gradient
and LSM are significant determinants of liver fibrosis non-regression after SVR by DAAs in
liver transplantation patients [7]. The results of those previous reports and the present study
support the hypothesis that baseline advanced portal hypertension causes non-regression of
liver fibrosis stage after successful HCV eradication by DAAs. In the present study, although
the overall Ang?2 level significantly decreased after DAA therapy (Supplementary Figure 4A,
P=0.01), as shown in a previous report [14], serum Ang2 levels were comparable between
baseline and EOT in patients with advanced liver fibrosis (Figure S4B). However, as shown
in Supplementary Figure 4C, in patients without liver fibrosis stage regression, Ang2 levels
tended to increase; on the contrary, in patients with liver fibrosis stage regression, Ang2
levels tended to decrease. Because portal hypertension-induced slow blood flow can enhance
Ang?2 expression [13, 14], in patients with liver fibrosis stage regression, portal hypertension
might be restored; on the contrary, in patients without liver fibrosis regression, portal
hypertension might tend to show no change or worsen. Additionally, increased Ang2 level
causes vascular leak and inflammation via the antagonistic effect of Tie2-mediated signaling
[10, 11]. Thus, continuously high Ang2 levels might cause progressive focal liver
inflammation, resulting in non-regression of LSM-based liver fibrosis stage. Further analysis
in this regard is required.

Recently, Ang2 was reported to predict de novo and recurrent HCC after successful

HCYV eradication by DAAs [14]. Faillaci et al. showed that Ang2 expression in HCC or in

cirrhotic liver tissue in patients with HCV infection was independently associated with risk of
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HCC recurrence or occurrence, and serum Ang?2 levels after DAA therapy were significantly
correlated with liver tissue Ang2 expression. In the present study, although Ang?2 levels were
similar between baseline and EOT in patients with advanced liver fibrosis (F3/4) (Figure
S4B), serum Ang?2 levels tended to increase in patients with liver fibrosis non-regression after
DAA therapy. As a result, compared with baseline Ang2 level, serum Ang2 level at EOT
could predict liver fibrosis progression after successful HCV eradication more accurately
(baseline Ang2 level, cutoff value, 354 pg/mL, sensitivity 0.882, specificity 0.733; EOT
Ang? level, cutoff value, 354 pg/mL, sensitivity 0.941, specificity 0.867) (Figure S5).
Taking together the results of the present and previous studies, high serum Ang?2 level might
predict liver fibrosis progression after successful HCV eradication by DAA therapy. However,
further analysis is required.

Recently, Lefere et al. reported that serum Ang?2 levels were significantly elevated in
patients with NASH than in those with simple liver steatosis [15]. Importantly, the authors
revealed that inhibition of Ang2 reduced hepatocyte ballooning and fibrosis in a NASH
mouse model. This report clearly revealed that Ang2-mediated signaling could be a
therapeutic target; thus, in patients with increased Ang2 level and liver fibrosis
non-regression after successful HCV eradication, inhibitors of Ang2 might be effective and
reduce liver fibrosis progressions and HCC occurrence.

This study has several limitations. First, as this was a retrospective study, some data
might be missing, including that regarding fibrosis markers, such as Mac2 binding protein
glycosylation isomer and autotaxin. Second, the gold standard for liver fibrosis stage
diagnosis is liver biopsy; however, because biopsy may cause various complications and
prone to sampling error, we evaluated the LSM-based liver fibrosis stage, and this should be

considered when interpreting the present these. Third, the number of patients analyzed and
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observation period were relatively limited, especially in the analysis at EOT, SVR24, and
SVR96; therefore, a longer prospective study with a larger number of patients is required.

In conclusion, advanced LSM-based liver fibrosis stage and baseline Ang2 levels were
significantly associated with regression of liver fibrosis stage after DAA therapy.
Additionally, in patients with baseline advanced liver fibrosis, baseline Ang2 level alone
could predict non-regression of liver fibrosis stage. A baseline Ang2 cutoff value (354
pg/mL) could predict non-regression of liver fibrosis stage with high accuracy (sensitivity
0.882 and specificity 0.733) in patients with advanced liver fibrosis. Thus, the results of this
study might indicate the importance of the evaluation of serum Ang?2 levels before DAA
therapy and provide a novel mechanistic insight into non-regression of LSM-based liver
fibrosis stage after DAA therapy. A longer prospective study with a larger number of patients

is required to validate these results.
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Table legends

Table 1 Baseline characteristics of patients

Table 2 Changes in fibrosis stage based on LSM after direct-acting antiviral agent therapy

LSM, liver stiffness measurement

Table 3 Factors associated with non-regression of liver fibrosis stage after direct-acting

antiviral agent therapy

Table 4 Factors associated with non-regression of liver fibrosis stage after DAAs in patients

with advanced liver fibrosis (F3/4)

Figure legends

Figure 1  Relationship among baseline Ang2 levels, LSM, spleen index, and
LSM-based liver fibrosis grade

A. Baseline Ang2 level and LSM were significantly correlated in all patients (r=0.35, P
=0.01).

B. Baseline Ang?2 level and LSM were significantly correlated in patients with advanced liver
fibrosis (r=0.56, P <0.001).

C. Baseline Ang2 level and spleen index were significantly correlated in all patients (r=0.22,
P =0.02).

D. Baseline Ang2 level and spleen index were significantly correlated in patients with
advanced liver fibrosis (r=0.41, P =0.03).

E. Baseline Ang?2 levels were significantly different among each liver fibrosis stage based on

LSM (P<0.001).
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F. Baseline Ang2 levels were compared between patients with liver fibrosis stage FO-2 and
F3/4.
Baseline Ang?2 levels were significantly higher in patients with liver fibrosis stage F3/4
than those with FO-2 (P<0.01)

Ang2, Angiopoietin-2; LSM, liver stiffness measurement

Figure 2 Baseline Ang2 level according to liver fibrosis regression or non-regression

A. In patients with liver fibrosis stage FO—F2, baseline Ang2 levels were comparable between
patients with and without regression. In patients with liver fibrosis stage F3/4, baseline Ang2
levels were significantly higher in patients without regression than in those with regression.
B. In patients with liver fibrosis stage FO/1 and 2, baseline Ang2 levels were comparable
between patients with and without regression. In patients with liver fibrosis stage F3 and F4,
baseline Ang?2 levels were significantly higher in patients without regression than in those
with regression.

Ang2, Angiopoietin-2

Figure 3 Cutoff value of baseline serum angiopoietin-2 (Ang2) level for predicting
non-regression of liver fibrosis stage after direct-acting antiviral agent therapy

A. Receiver operating characteristics (ROC) curve analysis for baseline Ang2 level in
patients with advanced liver fibrosis (F3/4). The cutoff baseline Ang2 level associated with
non-regression of liver fibrosis stage is 354 pg/mL (ROC-AUC=0.855; sensitivity, 0.882;
specificity, 0.733).

B. Rate of regression and non-regression of liver fibrosis stage in patients with baseline Ang2
with >354 pg/mL and advanced liver fibrosis.

C. Rate of regression and non-regression of liver fibrosis stage in patients with baseline Ang2

<354 pg/mL and advanced liver fibrosis. Ang2, Angiopoietin-2
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Supplementary Table 1
Factors associated with non-regression of liver fibrosis stage after direct-acting antiviral

agent therapy in patients with F0/1 and 2

Supplementary Table 2
Factors associated with non-regression of liver fibrosis stage after direct-acting antiviral

agent therapy between end of treatment and SVR24

Supplementary Table 3
Factors associated with non-regression of liver fibrosis stage after direct-acting antiviral

agent therapy between end of treatment and SVR96

Figure S1. Study design

Figure S2. Relationship between baseline serum angiopoietin-2 (Ang2) and esophageal
varices in patients with advanced liver fibrosis (F3/4)

In patients in whom varices were evaluated before direct-acting antiviral agent treatment and
had advanced liver fibrosis, the relationship between the presence of varices and baseline

Ang? levels were evaluated.

Figure S3 Relationship between baseline angiopoietin-2 (Ang2) levels and controlled
attenuation parameter (CAP) values

A. Baseline Ang2 level and CAP were not significantly correlated in all patients

B. Baseline Ang?2 level and CAP were not significantly correlated in patients with advanced

liver fibrosis
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Figure S4. Change in serum angiopoietin-2 (Ang2) levels after direct-acting antiviral
agent therapy in patients with or without liver fibrosis regression

A. Comparison between serum Ang?2 levels at baseline and at end of treatment.

B. Comparison between serum Ang2 levels at baseline and at end of treatment in patients
with liver fibrosis stage FO—F2 and F3/4.

C. Comparison of changes in Ang2 level between baseline and at end of treatment in patients

with liver fibrosis stage FO—F2 and F3/4

Figure S5 Cutoff value of angiopoietin-2 (Ang2) levels at end of treatment point for
predictive of liver non-regression after direct-acting antiviral agent therapy

Receiver operating characteristics (ROC) curve analysis for Ang2 level at end of treatment in
patients with advanced liver fibrosis (F3/4). The cutoff baseline Ang2 level associated with

non-regression of liver fibrosis stage is 354 pg/mL (sensitivity, 0.941; specificity, 0.867).
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Table 1

Baseline patients' characteristics

All FO-2 F3-4 P value
Number 116 84 32
Age (years) 66(22-87) 65(22-83) 66(33-87) 0.595
Sex (male/female) 43/73 29/55 14/18 0.358
HCV-RNA (log IU/mL)" 6.3(3.6-7.2) 6.3(3.6-7.2) 6.3(4.7-7.2) 0.625
DCV/ASV, SOF/LDV, SOF/RBV, OBV/PTV/r 20/49/42/5 10/39/31/4 10/10/11/1 0.09
FO-1/2/3/4 64/20/9/23 64/20/0/0 0/0/9/23
White blood cell count (/uL) " 4800(1900-10800) 4800(2700-10800) 4800(1900-10000) 0.834
Hemoglobin level (g/dL)" 13.5(8.9-16.8) 13.5(10.1-16.8) 13.3(8.9-16.6) 0.897
Platelet count (X 104) ‘ 15.9(2.2-37.3) 17.8(2.6-37.3) 11.3(2.2-24.7) *<0.001
Albumin (g/dL)" 4.3(2.7-5.0) 4.3(2.7-5) 4(3-4.7) *<0.001
AST (IU/L)" 39(14-180) 34(14-180) 57(31-175) *<0.001
ALT (IU/L)" 38(6-273) 31(6-273) 58(22-211) *<0.001
yGTP (IU/L)" 29.5(9-559) 24(9-276) 40(14-559) *<0.001
FIB-4 index * 2.83(0.54-23.55) 2.41(0.54-13.51) 5.58(0.91-23.55) *<0.001
Angiopoietin-2 (pg/mL) " 305.5(131.9) 293.9(131.9) 415(155.5) *0.002
CAP (dB/m) ? 214(100-386) 210(100-343) 225(106-386) 0.432
Spleen index (sz) ‘ 25.9(11.1-59.1) 23.9(11.1-56.5) 30.7(16.4-59.1) *<0.001

Abbreviations: HCV, Hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; yGTP, y-glutamyl transpeptidase; FIB-4, fibrosis 4; CAP,

a
Controlled Attenuation Parameter. Data are shown as median (range) values. *Statistically significant difference, P <0.05



Table 2 Changes in fibrosis stage based on LSM after direct-acting antiviral agent

At SVR 24 Disease Activity
F0-1 F2 F3 F4 Regressed Non-regression
n n/n (%)
Baseline
F0-1 60 4 0 0 60/64 (93) 4/64 (6)
F2 12 5 3 0 12/20 (60) 8/20 (40)
F3 5 1 3 0 6/9 (67) 3/9 (33)
F4 3 1 5 14 9/23 (39) 14/23 (61)
Total 87/116 (75) 29/116 (25)

LSM, liver stiffness measurement, SVR, sustained viral response;



Table 3 Factors associated with non-regression of liver fibrosis stage after direct-acting antiviral agent therapy

Regression Non-regression Univaljiate Multiv.ariate Odds ratio
analysis analysis
Number 87 29
Age (years) 64(22-87) 68(44-81) 0.104
Sex (male/female) 31/56 12/17 0.579
HCV-RNA (log IU/mL) ! 6.3(3.6-7.2) 6.2(4.4-7.1) 0.257
DCV/ASV, SOF/LDV, SOF/RBV, OBV/PTV/r 11/41/32/3 9/8/10/2 0.076
F0-2/3-4 72/15 12/17 *<0.001 *0.003 4.474(1.651-12.125)
White blood cell count (/L) ¢ 4900(2700-10800)  4400(1900-10000) 0.103
Hemoglobin level (g/dL)a 13.6(10.1-16.8) 13.1(8.9-16.4) 0.173
Platelet count ( X 10%) ? 17.4(2.2-37.3) 12.9(4.7-24.7) *<0.001 0.158
Albumin (g/dL) ’ 4.2(2.7-5.0) 4(3-4.7) *0.013
AST (IU/L)" 35(14-180) 55(24-125) *<0.001 0.229
ALT (IU/L)" 36(11-273) 44(6-107) 0.103
yGTP (IU/L)" 26(9-275) 40(11-559) *0.012
FIB-4 index * 2.42(0.54-23.55) 4.88(2.13-9.12) *<0.001 0.257
Angiopoietin-2 (pg/mL) ! 274.8(131.9-864.5) 434.1(205.6-1545.6) *<0.001 *0.006 1.004(1.001-1.007)
CAP (dB/m) * 215(100-386) 214(100-280) 0.747
Spleen index (sz)a 24.8(11.1-59.1) 28.6(12.5-53.4) *0.017

Abbreviations: HCV, Hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; yGTP, y-glutamyl transpeptidase; FIB-4, fibrosis 4. ; CAP, Controlled

a
Attenuation Parameter. Data are shown as median (range) values. *Statistically significant difference, P <0.05.



Table 4

Factors associated with non-regression of liver fibrosis stage after DAAs in patients with advanced liver fibrosis (F3/4)

Regression Non-regression P value
Number 15 17
Age (years) 64(33-87) 68(44-79) 0.35
Sex (male/female) 6/9 8/9 0.688
HCV-RNA (log IU/mL)" 6.5(4.9-7.2) 6.3(4.7-7.1) 0.628
DCV/ASV, SOF/LDV, SOF/RBV, OBV/PTV/r 3/5/7/0 7/5/4/1 0.347
F3/4 6/9 3/14 0.243
White blood cell count (/uL)" 4800(3200-7700) 4500(1900-10000) 0.794
Hemoglobin level (g/dL)" 13.6(11.4-16.6) 13.1(8.9-15.19 0.35
Platelet count ( X 10%) @ 12.7(2.2-19.3) 11.2(4.7-24.7) 0.455
Albumin (g/dL) " 4(3.6-4.5) 3.9(3-4.7) 0.246
AST (IU/L)" 54(31-175) 57(35-125) 0.433
ALT (IU/L)" 56(36-211) 58(22-101) 0.576
yGTP (IU/L)" 40(17-189) 63(14-559) 0.655
FIB-4 index * 4.36(0.91-23.55) 5.94(2.18-9.12) 0.202
Angiopoietin-2 (pg/mL) " 251.9(155.5-848) 502.3(284.7-1545.6) *<0.001
CAP (dB/m) * 226(123-386) 224(106-280) 0.941
Spleen index (sz) : 29.7(18-59.1) 30.7(16.4-53.4) 0.683

Abbreviations: HCV, Hepatitis C virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; yGTP, y-glutamyl transpeptidase; FIB-4, fibrosis 4; CAP, Controlled Attenuation

Parameter. * Data are shown as median (range) values. *Statistically significant difference, P <0.05.



Figure 1 Relationship among baseline Ang2 levels, LSM, spleen index, and LSM-based liver fibrosis grade
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Figure 2 Baseline Ang?2 level according to liver fibrosis regression or non-regression
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Figure 3 Cutoff value of baseline serum angiopoietin-2 (Ang2) level for predicting
non-regression of liver fibrosis stage after direct-acting antiviral agent therapy
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Supplementary Figure 1

Study design

206 patients screened 30 were excluded

8 with a history of liver transplantation
13 had non-SVR

7 had insufficient clinical data

2 on hemodialysis

A 4

176 enrolled

25 with history of hepatocellular carcinoma
1 has occurrence of HCC

A 4

Fibroscan has been received at initiation of treatment and 24 weeks after end of DAAS

116 enrolled




Supplementary Figure 2. Relationship between baseline serum angiopoietin-2 (Ang2) and esophageal varices in patients
with advanced liver fibrosis (F3/4)
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Supplementary Figure 3 Relationship between baseline angiopoietin-2 (Ang2) levels
and controlled attenuation parameter (CAP) values
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Supplementary Figure 4 Change in serum angiopoietin-2 (Ang2) levels after direct-acting antiviral agent therapy in patient:
with or without liver fibrosis regression
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Supplementary Figure 5 Cutoff value of angiopoietin-2 (Ang2) levels at end of treatment point for
predictive of liver non-regression after direct-acting antiviral agent therapy
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