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A B S T R A C T

Background: Hepatitis C viral infection (HCV) and hepatocellular carcinoma (HCC) are potential health pro-
blems. New directly acting antivirals (DAAs) changed HCV treatment strategies. Selenoprotein P1 (SEPP1) is a
hepatokine implicated in HCC pathogenesis. High mobility group box1 (HMGB1), a nuclear DNA-binding pro-
tein, involved in immune and inflammatory responses in HCV and HCC. Therefore, the aim of current study was
to investigate HMGB1 and SEPP1 levels in HCV and HCV+HCC patients and exploring DAAs effect on them.
Methods: 15 healthy volunteers, 25 HCV and 25 HCV+HCC patients were included. Liver function tests, alpha
fetoprotein (AFP), SEPP1 and HMGB1 serum levels were evaluated. For HCV group blood samples before and
after treatment with sofosbuvir/daclatasvir combination were collected.
Results: HMGB1 was significantly higher in HCV+HCC group than in control and HCV groups (p < .05).
SEPP1 decreased significantly in HCV and HCV+HCC groups compared to control group (p < .001). SEPP1
significantly elevated after treatment with DAAs (p= .001). HMGB1 and SEPP1 were negatively correlated with
each other in HCV group (p= .047). Logistic regression analysis showed that HMGB1 and SEPP1 could be used
as predictors for HCC in HCV infected patients (p= .02,p= .002) respectively. Receiver operating characteristic
curve (ROC) revealed HMGB1 had 32% sensitivity and 100% specificity in differentiating HCV from HCV+HCC
patients, both SEPP1 and HMGB1 had high sensitivity (92%,60%) and 93% specificity in differentiating healthy
from HCV+HCC group.
Conclusion: HMGB1 and SEPP1 are involved in pathogenesis of HCV and HCV induced HCC. Both of them could
serve as predictive biomarkers for HCC in HCV patients.

1. Introduction

Hepatitis C virus (HCV) is a potential disease worldwide, about 3%
of the world's inhabitants are HCV infected and> 170 million are
chronically infected and having risk of liver cirrhosis and/or hepato-
cellular carcinoma (HCC) development [1].On the other hand HCC is
the fifth common type of cancer, the third major reason of cancer-re-
lated death, also it is responsible for about one million deaths annually
[2]. Its incidence is increasing dramatically due to several risk factors as
HCV, hepatitis B viral infection (HBV), nonalcoholic fatty liver disease,
primary biliary cirrhosis, food contamination with carcinogens such as
aflatoxin, cirrhosis and smoking [3].

Nowadays unlike HBV, HCV is curable. Ten to fifteen million pa-
tients are infected with HCV genotype 4 (HCVG4); large percentage is

found in Egypt (14.7%) where HCVG4 represents> 90% of the infected
population [4].

Ideal treatment for patients with HCVG4 is changing rapidly; in the
past pegylated interferon/ribavirin combination showed good response
rates and extensive side effects [5]. Modern progress in treatment de-
velopment emerged a number of directly acting antiviral agents (DAAs)
that achieve better sustained virologic response (SVR) with minimal
side effects. One of these DAAs is sofosbuvir, an HCV NS5B polymerase
inhibitor, has newly been permitted for HCV cure in Egypt [6].

Hepatokines are group of liver derived proteins that have a role in
metabolism of lipid and glucose in liver, skeletal muscles and adipose
tissue. One of them is selenoprotein P1 (SEPP1) which acts as selenium
transporter [7]. Studies revealed that serum SEPP1 levels slightly in-
creased in HCV and significantly elevated in type2 diabetic patients
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with HCV [1]. Also SEPP1 has a major role as an antioxidant as it is
involved in peroxynitrate degradation, that plays a role in in-
flammatory toxicity [8]. Hepatic disease can affect selenoproteins he-
patic synthesis as SEPP1 and selenium (Se) containing proteins as al-
bumin [9]. Also small intestine mucosal abnormalities in cirrhotic
patients lead to Se malabsorption and this could contribute to decreased
levels of serum SEPP1 [10]. Decreased expression and decreased level
of SEPP1 were reported in different types of cancer as renal cell car-
cinoma, colorectal adenoma, prostate cancer, and gastric adenocarci-
noma [3]. Additionally, quantitative analysis of serum SEPP1 in other
studies revealed marked decrease in SEPP1 levels in newly diagnosed
HCC patients with or without HCV compared to chronic liver disease
and healthy groups [11].

High mobility group box1 (HMGB1) is a non-histone, nuclear DNA-
binding protein. Its role relies on its position in the cell. In the nucleus,
it is involved in a number of important DNA events [12]. Under certain
conditions as starvation and exposure to reactive oxygen species (ROS),
HMGB1 translocates to the cytoplasm and transits to the extracellular
environment [13]. HMGB1 as an extracellular signaling molecule has
inflammatory and carcinogenetic roles, it is actively released from
natural killer cells, monocytes and active macrophages and passively
released from necrotic cells in cancer tissues resulting in local in-
flammation. HMGB1 serum levels increased significantly in chronic
hepatitis leading to progression to liver fibrosis [14]. Previous studies
revealed that toll like receptors (TLRs), specifically TLR4 signaling,
contribute in pathogenic fibrosis in hepatic diseases of several causes.
Being endogenous TLR4 ligand, HMGB1 could be secreted during he-
patic injury. It contributes in liver fibrosis via TLR4 signaling [15]. In
addition, TLR4 signaling is implicated in progression of HCC in HBV
patients leading to increased proliferation and prevention of apoptosis
[16]. Previous studies demonstrated that serum HMGB1 levels in-
creased significantly in HCC compared to chronic hepatitis and cir-
rhotic groups. Such findings propose that HMGB1 might have a crucial
role in HCC progression and many issues may lead to increase in
HMGB1 levels in HCC patients due to production and secretion of
HMGB1 by HCC cells [17]. However the exact role of HMGB1 in HCV or
in HCV+HCC needs further elucidation.

Therefore, the present study aimed at investigating serum levels of
SEPP1 and HMGB1 in HCV and HCV+HCC patients and evaluating
their possible utilization as non-invasive predictors for HCC in HCV
patients, as well as examining the effect of DAAs therapy on their serum
levels in HCV patients.

2. Subjects and methods

This study was carried out in Cairo, Egypt. Sixty five subjects
(n=65) were included in this study and divided into three groups. The
first group was the control group, it comprises 15 healthy volunteers
(n=15), the second group comprises 25 naïve patients infected with
chronic HCVG4 (n=25), it received DAAs therapy for 12 weeks
(n=25), and the third group comprises 25 HCV patients with HCC
(n=25). For the second group, blood samples were collected before
and after anti-viral treatment combination. The healthy participants
had no preceding hepatic diseases or tumor history. All patients were
histopathologically diagnosed and underwent serum viral test. All
participants were age- and sex-matched. They were recruited from
Medical Ain Shams Research Institute (MASRI viral hepatitis research
and treatment unit) faculty of Medicine Ain Shams University and
Manshyet EL Bakry general hospital, Cairo, Egypt. For inclusion, pa-
tients infected with HCVG4, their age was 40–60 years. For exclusion
the patients should not have history of co-infections, alcohol abuse,
thyroid dysfunction, type 2 diabetes, HBV infection, autoimmune dis-
eases and HCC due to etiologies other than HCV.

Before treatment, full medical history was obtained from all parti-
cipants including history of previous HCV treatment and any features of
decompensated cirrhosis and a thorough clinical examination. Baseline

laboratory studies were done including liver function tests as serum
aspartate transaminase (AST), alanine transaminase (ALT), albumin,
total bilirubin also white blood cells (WBCs), international normalized
ratio (INR), platelet count, alpha fetoprotein (AFP), SEPP1 and HMGB1
were measured.

HCV infected patients were scheduled to receive combined therapy
of sofosbuvir 400mg and daclatasvir 60mg daily for 12 weeks, and
after the completion of treatment blood samples were withdrawn again,
while HCC patients did not receive this combination therapy.

Blood samples obtained from all patients were collected in vacu-
tainer serum collecting tubes then centrifuged for serum separation.
The separated serum then divided into aliquots and stored at−80 °C till
measurements. A quantitative measurement serum viral load of HCV
was carried out by real-time PCR and it then repeated at the end of
treatment.

This study was approved by the local research ethics committee of
faculty of Pharmacy Ain-Shams University, and a written informed
consent was obtained from all participants in this study. The study was
conducted in accordance with the provisions of the declaration of
Helsinki and Good Clinical Practice guidelines.

3. Laboratory measurements

Serum aminotransferases (AST and ALT), total bilirubin and al-
bumin were assayed colorimetrically using kits of (Biodiagnostics,
Egypt) by using appropriate photometer (Shimadzu UV-1650 PC,
Japan). Serum SEPP1 was determined using commercially available
ELISA kits from (Elabscience, China, Catalog No. E-EL-H2177) ac-
cording to sandwich-ELISA method. The micro ELISA plate was pre-
coated with specific antibodies to human SEPP1. Standards and samples
were added to proper wells for binding to the antibodies. Biotinylated
detection antibody specific for human SEPP1 and horseradish peroxide
HRP conjugate were then added successively to each well in the mi-
croplate. After incubation, unbound components were washed away.
When the substrate solution was added, only wells with human SEPP1,
biotinylated detection antibody and avidin-HRP complex appeared blue
in color. Then stop solution was added and the color became yellow.
The optical density (OD) then measured spectrophotometrically at
wavelength of 450 nm ± 2 nm. The OD value was directly proportional
to human SEPP1 concentration.

Serum HMGB1 was measured by using human HMGB1 ELISA kit
(Elabscience, China, Catalog No. E-EL-H1554) according to sandwich-
ELISA method. Level of AFP was estimated using ELISA kit (Chemux
BioScience, INC., USA, Catalog No. 10101). SEPP1 and AFP kit prin-
ciple were similar to that of HMGB1 kit.

ELISA had been conducted in accordance to the manufacturer's di-
rections using Chromate microplate reader.

3.1. Statistical analysis

IBM SPSS statistics (V. 22.0, IBM Corp., USA, 2013) was used for
data analysis. Data were expressed as mean ± SEM for quantitative
parametric measures, in addition to median percentiles for quantitative
non-parametric measures and both number and percentage for cate-
gorized data. Student's t-test was used for comparison of two in-
dependent groups for parametric data and Wilcoxon Rank Sum for non-
parametric data. However, for comparison between> 2 groups for
parametric data we used analysis of variance (ANOVA) and Kruskall
Wallis for non-parametric data. For statistical comparisons within HCV
group, Chi-square test and Mann–Whitney U test were used as appro-
priate. Covariates with a p < .05 at univariate analysis were included
in a multivariate logistic regression model, and results were reported as
odds ratio (OR) and their 95% confidence intervals (CIs). A receiver
operating characteristics (ROC) analysis was used to evaluate overall
predictive value and cut-off level of the test and to detect the area under
the curve which reflects the sensitivity, specificity, positive predictive
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value (PPV), Negative predictive value (NPV), and the accuracy of
SEPP1 (ng/ml) and HMGB1 (pg/ml) as diagnostic biomarkers in the
development of HCC in HCV patients. For all tests, p < .05 was con-
sidered statistically significant.

4. Results

The clinical and laboratory variables of the studied subjects are
shown in Table 1. Regarding liver function tests albumin levels showed
a significant decrease in both HCV and HCV+HCC groups compared to
control group (p < .001). Both AST and ALT levels were significantly
higher in HCV group compared to control group (p < .05, p < .001)
and also showed significant increase in HCV+HCC group compared to
control group (p < .001) and to HCV group (p < .001, p < .05).
Total bilirubin showed slight increase in HCV group compared to
control group, however a high significant increase in HCV+HCC
group was found compared to control group and HCV group
(p < .001).

Notably, HMGB1 showed slight increase from 820.68 ± 31 pg/ml
in control group to 899.69 ± 19 pg/ml in HCV group while significant
increase was found from 820.68 ± 31 pg/ml in control group to
1014.97 ± 51 pg/ml in HCV+HCC group (p < .01), and from
899.69 ± 19 pg/ml in HCV group to 1014.97 ± 51 pg/ml in
HCV+HCC group (p < .05).(Table 1).

On the other hand SEPP1 showed a significant decrease from
11.44 ± 0.29 ng/ml in control group to 9.01 ± 0.31 ng/ml in HCV
group and from 11.44 ± 0.29 ng/ml in control group to
8.17 ± 0.33 ng/ml in HCV+HCC group (p < .001).(Table 1).

The effect of treatment with DAAs on levels of AST, ALT, total bi-
lirubin, albumin, AFP, HMGB1 and SEPP1 was found as follows:

AST, ALT and total bilirubin showed significant decrease in HCV
group after treatment (p < .001), while albumin level increased sig-
nificantly after treatment (p < .05).(Table 2).

Also both platelet count and INR revealed significant decrease in
HCV group after treatment (p < .05), but WBC's showed non-sig-
nificant decrease. AFP showed significant decrease after treatment
(p < .001).(Fig. 1A).

While HMGB1 showed slight decrease from 899.69 ± 19 pg/ml in
HCV group before treatment to 830.48 ± 28 pg/ml after treatment
(Fig. 1B) and significant increase was found with SEPP1 from
9.01 ± 0.31 ng/ml before treatment to 10.17 ± 0.29 ng/ml after
treatment (p < .01).(Fig. 1C).

Pearson correlation revealed that HMGB1 was significantly posi-
tively correlated with ALT, total bilirubin, AFP and negatively corre-
lated with platelet count and albumin. (Table 3). Also it revealed that
SEPP1 level was positively correlated with albumin, platelet count and
negatively correlated with AST, ALT, total bilirubin and AFP (Table 3).
Interestingly HMGB1 and SEPP1 were negatively correlated with each

Table 1
Demographic data and laboratory characteristics of the studied groups.

Parameter Control (n= 15) HCV (n= 25) HCV+HCC (n= 25) P1 P2 P3

Age (years) 43.47 ± 0.92 46.6 ± 2.3 54.52 ± 1.57 – – –
Gender M/F 5/10 11/14 19/6 – – –
Fibrosis stage

F0/F1/F2/F3/F4
– 9/12/2/2/0 0/0/0/9/16 – – –

AST (IU/L) 34.4 ± 1.23 46 ± 2.06 68.4 ± 3.92 0.013 0.000 0.000
ALT (IU/L) 18 ± 1.32 42.8 ± 3.87 51.84 ± 2.53 0.000 0.000 0.032
Total bilirubin (μmol/L) 66.3 ± 5.3 61.88 ± 3.5 155.58 ± 21.2 0.852 0.000 0.000
Albumin (g/dL) 6.53 ± 0.3 4.06 ± 0.07 2.93 ± 0.15 0.000 0.000 0.000
AFP (ng/ml) 3.09 ± 0.17 10.5 ± 0.55 70.06 ± 2.67 0.01 0.000 0.000
HMGB1 (pg/ml) 820.68 ± 31.25 899.69 ± 19.05 1014.97 ± 51.38 0.184 0.002 0.027
SEPP1 (ng/ml) 11.44 ± 0.29 9.01 ± 0.31 8.17 ± 0.33 0.000 0.000 0.053

Results are represented as mean ± SEM. P1 control group compared to HCV group, P2 control group compared to HCV+HCC group, P3 HCV group compared to
HCV+HCC group. AST: aspartate transaminase, ALT: alanine transaminase, AFP: alpha fetoprotein, HMGB1: high mobility group box 1, SEPP1: selenoprotein P1,
HCV: hepatitis C virus, HCC: hepatocellular carcinoma.

Table 2
Laboratory results in HCV group patients before and after treatment with DAAs.

Parameter HCV before treatment
(n=25)

HCV after treatment
(n=25)

P-value

Viral load 2,305,443 ± 1,613,997 – –
AST (IU/L) 46 ± 2.06 32.12 ± 1.63 0.000
ALT (IU/L) 42.8 ± 3.87 23.96 ± 0.98 0.000
Total bilirubin

(μmol/L)
61.88 ± 3.5 53.92 ± 3.5 0.015

Albumin (g/dL) 4.06 ± 0.07 4.60 ± 0.22 0.036
Platelet count (10^3/

μL)
257.48 ± 12.92 235.08 ± 10.19 0.035

WBC (10^3/μL) 7.6 ± 0.43 7.29 ± 0.36 0.573
INR 1.1 ± 0.02 1.06 ± 0.02 0.038

Results are represented as mean ± SEM. AST: Aspartate transaminase, ALT:
Alanine transaminase, DAAs: Direct acting antivirals, WBC: white blood cells,
INR: international normalized ratio.

Fig. 1. Serum levels of AFP (A), HMGB1 (B) and SEPP1 (C) in HCV patients
before and after treatment with DAAs. *** P < .001.
AFP: alpha fetoprotein; HMGB1: high mobility group box 1;
SEPP1:selenoprotein P 1; HCV: hepatitis C virus.
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other in HCV group (p= .047) (Fig. 2).
Logistic regression analysis revealed that serum SEPP1 could be

used as predictor marker of HCV group from control group
(OR=0.268; 95%CI:0.118–0.607; p= .002) and for HCV+HCC
group from the control group (OR=0.135; 95%CI:0.039–0.471;
p= .002).

Also it showed that serum HMGB1 could be used as predictor
marker for HCV+HCC group from the control group (OR=1.006;
95%CI:1.001–1.011; p= .02) and for HCV+HCC group from HCV
group (OR=1.004; 95%CI:1.000–1.007; p= .05).

Regarding the differentiation between healthy subjects and
HCV+HCC patients the ROC analysis detected 92% sensitivity and
93.33% specificity with a best cut off value of 10.11 ng/ml for SEPP1
and 60% sensitivity and 93.33% specificity with a best cut off value of
941 pg/ml for HMGB1. (Fig. 3).

5. Discussion

Millions of HCV infected population all over the world develop a
number of chronic liver diseases as hepatic fibrosis and cirrhosis in
about 20% of patients and within 5 years about 10–20% of patients
with cirrhosis might develop HCC [2]. HCC is the most common cause
of death in HCV infected patients, and epidemiological findings propose
that the death rate is growing [18]. A chief result of chronic HCV in-
fection is production of free radicals causing oxidative DNA damage
and this induces mutations, epigenetic change and genomic instability
via proinflammatory cytokine activities leading to oncogenes activation
and tumor suppressor genes inactivation leading to inflammation

associated carcinogenesis [19]. Therefore, the current study aimed to
investigate serum levels of SEPP1 and HMGB1 in HCV and HCV+HCC
patients and to evaluate their possible utilization as non-invasive pre-
dictors for HCC in HCV patients, as well as to examine the effect of
DAAs therapy on their serum levels in HCV patients.

Introduction of highly potent DAAs improved the management,
clinical outcomes and overall prognosis of HCV patients. DAAs were
demonstrated to be highly efficacious in HCV eradication even in cir-
rhotic patients [20]. DAAs induced downregulation of circulating
proinflammatory cytokines, chemokines, and growth factors causing
improvement in liver function [21].

This study investigated HMGB1 level in HCV patients and healthy
people. Significant increased HMGB1 was detected in chronic hepatitis
infected patients compared to healthy people. HMGB1 is released into
the extracellular milieu during infection with HBV or HCV. HMGB1
could be important in initiation and mediation of hepatitis [22].
HMGB1 might act as chemotactic factor in smooth muscle cells, en-
dothelial cells and fibrocytes which participate in fibrogenic reactions
and injury [15].

In agreement with those studies this study revealed an association
between HCV infection and increased HMGB1 level. Additionally, sig-
nificant high levels were observed in HCV patients who developed HCC
compared to healthy group.

HMGB1 was found to play essential role in HCC development and in
metastasis and bad outcomes. HMGB1 induces several intracellular
signaling pathways when binds to its receptor; the receptor for ad-
vanced glycation end products (RAGE). This explains why immature
and malignant cells express high HMGB1 and RAGE levels [17]. Fur-
thermore, HMGB1 upregulates mitochondrial biogenesis in HCC cells
promoting tumor survival and proliferation through stimulation of TLRs
signaling pathways [23].

Also this study detected significant positive correlation between
AFP and HMGB1 levels which discussed by earlier study of Cheng et al.
[17] that was carried on HCC patients with HBV in majority and only
few HCC patients with HCV. In contrast, the current study was carried
on HCC patients with HCV only and not HBV. In addition this study
found that HMGB1 had significant positive correlation with ALT and
total bilirubin and significant negative correlation with albumin and
platelet count.

Concerning the effect of DAAs on serum levels of HMGB1 this study
found only a slight decrease after treatment. Although a change in the
inflammatory pattern is coinciding with HCV clearance, several base-
line factors like advanced liver disease, fatty liver and/or markers of
liver steatosis were reported to contribute to persistent inflammation
after completion of DAAs treatment [24].

SEPP1 is a liver-derived secretory protein and the major seleno-
protein in plasma acting as selenium transporter. SEPP1 as an anti-
oxidant protects LDL and plasma proteins against oxidation [25]. Liver
injury could impair selenoproteins hepatic synthesis as SEPP1 and
proteins containing Se as albumin, leading to decreased Se levels [9].

Although a previous study showed slight increase in serum SEPP1 in
HCV patients [1] this study found significant decrease in serum SEPP1
in HCV group when compared to control group. Another study revealed
down regulation of SEPP1 expression in patients with HBV leading to
decrease in the defense ability against lipid peroxidation [26].

Further, an earlier study revealed that decrease in serum Se levels
was significantly related with liver fibrosis severity in HCV patients.
The decline of SEPP1 activity is also speculated to be in proportion to Se
decrease because SEPP1 serves as its carrier protein [10].

It was reported that therapeutic doses of DAAs as sofosbuvir and
daclatasvir are hepatoprotective due to their antioxidant effect as they
significantly reduce oxidative stress parameters as malondialdehyde,
superoxide dismutase and catalase activities in hepatic tissue and si-
milarly cause a decrease in hepatic tissue content of tissue inhibitor
metalloproteinase-1and tumor necrosis factor alpha [27].

Although there are few studies that examine DAAs effect on SEPP1

Table 3
Correlation between High mobility group box1 (HMGB1), Selenoprotein P1
(SEPP1) and other studied parameters in all the studied groups.

HMGB1 SEPP1

Variable r P r P

AST 0.241 0.053 −0.611 0.000***
ALT 0.254 0.041* −0.504 0.000***
Total bilirubin 0.352 0.004** −0.332 0.007**
Albumin −0.38 0.002** 0.497 0.000***
AFP 0.349 0.004** −0.611 0.000***
Platelet count −0.492 0.013* 0.511 0.009**
WBC −0.167 0.426 0.113 0.591
INR 0.255 0.219 0.011 0.959
SEPP1 −0.163 0.194 – –

AST: Aspartate transaminase; ALT: Alanine transaminase; AFP: Alpha fetopro-
tein; WBC: White blood cells; INR: International normalized ratio; HMGB1:
High mobility group box1; SEPP1:Selenoprotein P1.* significant; ** and ***
both are highly significant.

Fig. 2. Correlation between HMGB1 and SEPP1 in HCV group.
HMGB1: high mobility group box 1; SEPP1: selenoprotein P 1.
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levels and oxidation state in HCV in general, this study showed a highly
significant increase in SEPP1 level in HCV group after treatment com-
pared to HCV group before treatment with DAAs, and this discusses the
antioxidant role of DAAs.

This study showed a significant negative correlation between
HMGB1 and SEPP1 in HCV group which explains that both of them may
have common molecular mechanism and this was explained by several
studies that revealed direct relation between them and some growth
factors. One of them found that HMGB1 might play role in upregulation
of vascular endothelial growth factor-A in retinal ganglion cells after
exposure to advanced glycation end products leading to bad prognosis
of diabetic retinopathy [28]. Another study revealed that SEPP1 is
negatively regulated by transforming growth factor ß1 that plays chief
role in processes of inflammation as wound healing so that SEPP1 levels
in patients of intensive care suffering from systemic inflammatory re-
sponse syndrome or sepsis showed extremely decreased plasma SEPP1
levels [29].

Interestingly logistic regression analysis of this study showed that
SEPP1 and HMGB1 may be used as predictive biomarkers for HCC.
Additionaly, it revealed that HMGB1 could be used as predictive bio-
marker for HCC in HCV patients.

The ROC analysis performed in this study indicated a moderate
sensitivity but high specificity for predictive validity of HMGB1 in
differentiation between HCV and HCV+HCC patients. It revealed high
sensitivity and specificity for predictive validity of both SEPP1 and
HMGB1 in differentiating between healthy subjects and HCV+HCC
patients knowing that SEPP1 has higher sensitivity than HMGB1. These
findings should encourage clinicians to include both cytokines in their
screening profiles for HCV and HCC patients.

6. Conclusion

This study indicates crucial role for HMGB1 and SEPP1 in HCV and
HCV induced HCC and both of them may be targets of treatment to
prevent progression of HCC. Also this study suggests that both serum
HMGB1 and SEPP1 could serve as predictive biomarkers for HCC in
HCV patients. However, the small number of patients is one of its
limitations. So further studies on larger scale should be conducted to
confirm our findings.
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