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Abstract

Background: Several noninvasive biomarkers are available for diagnosing liver fibrosis stage and predicting hepatocellular
carcinoma (HCC) development in patients with chronic hepatitis and liver cirrhosis. However, these biomarkers are not
sufficiently accurate. Recently, von Willebrand factor (VWF) has been related to angiogenesis and apoptosis. Furthermore,
VWEF is associated with hepatic spare ability and HCC.

Objective: We aimed to determine whether VWF is a potential biomarker for liver fibrosis and HCC development.
Methods: Two hundred and twelve patients with chronic hepatitis B and C were recruited. VWF antigen (VWF: Ag) levels in
each patient were determined via enzyme-linked immunosorbent assay. Univariable and multivariable analyses were used
to determine the risk factor of HCC.

Results: The VWF: Ag levels were higher in patients with severe liver fibrosis stage and/or HCC development than in those
without. The area under the curve of VWF: Ag for diagnosis of severe liver fibrosis stage was 0.721. Multivariable analysis
showed that only VWF: Ag was a predictive biomarker for HCC development.

Conclusions: VWF: Ag is related to liver fibrosis and may be useful for predicting HCC development. VWF is a potentially
useful biomarker to diagnose severe liver fibrosis and predict HCC development.
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collagen 7S.> However, these biomarkers are not suffi-
cient for correctly diagnosing liver fibrosis because they
are influenced by other factors, such as inflammation,
renal dysfunction and collagen disease.*

Introduction

Chronic hepatitis prognosis is affected by the occur-
rence of liver cirrhosis (LC) and hepatocellular carcin-
oma (HCC)."? Evaluating liver fibrosis and predicting
HCC development and/or diagnosis of HCC in the
early stage may improve prognosis. Liver biopsy is

useful to evaluate liver fibrosis, but is associated with
several risks, such as bleeding and infection.® Thus, a
noninvasive and simple examination to evaluate liver
fibrosis progression should be developed. Many bio-
markers have been developed for evaluating liver fibro-
sis progression, including hyaluronic acid and type IV
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There are 780,000 new cases of HCC and 750,000
annual deaths due to HCC worldwide.” Although
many biomarkers® including o-fetoprotein (AFP) and
des-y-carboxy prothrombin (DCP) have been devel-
oped, they are not useful for predicting and diagnosing
early-stage HCC. HCC can be diagnosed at an early
stage through imaging techniques. However, a method
for the prediction of HCC development has not yet been
established. HCC usually develops in patients with
severe liver fibrosis and/or elderly patients. However,
it also develops in many patients with mild-to-moderate
liver fibrosis and/or young patients.

von Willebrand factor (VWF)”® is a multimeric
glycoprotein with a signal peptide, propeptide and
mature VWF portion, which consists of 2050 amino
acids. It is synthesized in vascular endothelial cells
(ECs) and released into the plasma as unusually large
VWF multimers.’ Every VWF monomer contains many
specific domains with a particular function, such as the
Al domain, which binds to platelet GPIb receptor.
VWEF is released into the plasma from a damaged
blood vessel, binds to collagen on the damaged vascular
ECs, binds to platelets and promotes blood coagula-
tion.”” VWF is involved in the mechanisms of hemo-
stasis, such as platelet adhesion and aggregation.

The quantitative and/or qualitative abnormalities of
VWEF lead to von Willebrand disease (VWD),'%!! which
involves bleeding tendencies such as subcutancous
bleeding, mucosal bleeding including nosebleeds, men-
orrhagia, and gastrointestinal bleeding. VWF may be
involved in angiogenesis as VWD 1is associated with
angiodysplasia;'*> endoscopic examination shows that
many angioectasias are related to bleeding in the gastro-
intestinal tract. The lack of VWF promotes angiogenic
processes, as vascular EC proliferation is increased in
the absence of VWF in vitro and the density of the vas-
culature is increased in VWF-deficient mice.'* '

VWEF antigen (VWE: Ag) is associated with hepatic
spare ability and HCC, as VWF: Ag is increased in
patients with LC in accordance with the progression
of LC'® and HCC;'"" this pathophysiology is related
to angiogenesis.'®!'” VWF: Ag levels are associated
with the severity of malignant tumours.?® In the current
study, we investigated the relationship between VWEF:
Ag and liver fibrosis or hepatocarcinogenesis, and
attempted to determine whether VWF: Ag is a poten-
tially useful biomarker to evaluate liver fibrosis and
predict HCC development.

Materials and methods
Study design

This retrospective observational study included patients
with chronic hepatitis types B and C who underwent

liver biopsy from October 2002 to October 2010. We
initially investigated the relationship between liver
fibrosis stage and characteristics of patients.
Subsequently, we studied the relationship between
HCC development during the observation period and
characteristics of patients at the time of liver biopsy.
The eligibility criteria were age >20 years and positive
results for hepatitis B surface antigen or hepatitis C
virus antibody. The exclusion criteria were history of
HCC at the time of liver biopsy and <100 days of
observation period. All subjects gave written informed
consent prior to participation in the study. The study
protocol was approved by the Ethics Committee of
Nara Medical University (project number: 471) on
4 December 2011 and conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki.

Patients

Three hundred and fifteen patients underwent liver
biopsy at our hospital from February 2002 to
October 2010. We enrolled 212 patients according to
the study criteria. All patients had no thrombosis.
Twenty-seven patients developed HCC during the
observation period. Six patients who developed HCC
achieved sustained virological response for hepatitis C
or showed disappearance of hepatitis B virus by inter-
feron, direct-acting antiviral or nucleoside analogue
therapy. The 132 patients without HCC achieved sus-
tained virological response for hepatitis C or showed
disappearance of hepatitis B virus by interferon, direct-
acting antiviral or nucleoside analogue therapy.
Twenty-seven patients died during the observation
period (3 patients died due to liver failure; 3 patients,
HCC; 1 patient, oesophageal varix rupture; and 20
patients, disease other than liver disease).

Evaluation

Liver tissues were fixed in 10% formalin and embedded
in paraffin. The paraffin tissues were cut into 5 pm-thick
sections. We used haematoxylin and eosin staining and
azan staining to evaluate liver fibrosis stage. Liver fibro-
sis stage was diagnosed according to new the Inuyama
classification (F0, no fibrosis; F1, portal fibrosis widen-
ing; F2, portal fibrosis widening with bridging fibrosis;
F3, bridging fibrosis plus lobular distortion; and F4,
LC) of chronic hepatitis proposed by the Inuyama
Symposium.?! After liver biopsy, follow-up evaluation
was performed. The patients underwent blood examin-
ation, including AFP and/or DCP, every 3—4 months
and ultrasound examination, dynamic computed tomo-
graphic scanning and/or dynamic magnetic resonance
imaging every 4-6 months. The surveillance and diag-
nosis of HCC was performed in accordance with the
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clinical practice guidelines for HCC 2013 by The Japan
Society of Hepatology.*?

Determination of VWWF: Ag levels

Blood samples were obtained from patients at the time
of liver biopsy. These samples were stored in plastic
tubes containing 0.38% sodium citrate. Platelet-poor
plasma was prepared by centrifugation at 3000 x g for
15min at 4°C and stored in aliquots at —80°C until
analysis. Plasma VWEF: Ag was measured by sandwich
enzyme-linked immunosorbent assay using a rabbit
polyclonal anti-human VWF antibody (Dako,
Denmark), and the normal level of VWF: Ag was
100 £ 53%.

Statistical analysis

The differences between the paired and unpaired groups
were analyzed using the Mann—Whitney U-test and the
Steel-Dwass test. Correlations were calculated with
Spearman’s rank test. Categorical data were analyzed
using Fisher’s exact test. Univariate and multivariate
analyses were performed to determine the risk factors
for HCC development. The following 14 variables were
analyzed for potential covariates that are risk factors
for HCC development at the time of sample collection:
age, sex, hepatitis virus, albumin, aspartate aminotrans-
ferase, alanine aminotransferase, prothrombin time,
platelet count, AFP, DCP, hyaluronic acid, type IV
collagen 7S, liver fibrosis stage and VWF: Ag. The
Cox proportional hazards regression analysis was
applied to determine independent risk factors for
HCC development using age, albumin, aspartate ami-
notransferase, platelet count, hyaluronic acid, liver
fibrosis stage and VWF: Ag. These factors had a p
value < 0.2 in the univariate analysis. Multivariate ana-
lysis using a Cox proportional hazard regression model,
with stepwise selection of variables based on the Akaike
information criterion, was also performed. Data are
expressed as mean=+SD. A two-tailed p value <0.05
was considered significant. Analyses were carried out
using EZR (Saitama Medical Center, Jichi Medical
University), which is a graphical user interface for R
(The R Foundation for Statistical Computing, version
2.13.0). EZR is a modified version of R commander
(version 1.6-3) that includes statistical functions that
are frequently used in biostatistics.*?

Results
Clinical characteristics of patients

The patient characteristics are shown in Table 1. The
mean age of patients with chronic liver injury at liver

Table 1. Characteristics of patients.

Variable Patients (n=212)
Age (year) 57.7+12.0
Sex (male/female) 100/112
Hepatitis B/C 25/187
Albumin (g/dL) 4.2540.39
Aspartate aminotransferase (IU/L) 53.6 +53.1
Alanine aminotransferase (IU/L) 67.21+72.9
Prothrombin time (%) 99.3 4 14.3
Platelet count (x10*/mm?) 18.5+17.4
AFP (ng/ml) 16.6 =53.4
DCP (mAU/ml) 21.347.2
Hyaluronic acid (ng/ml) 115.4+163.8
Tyep IV collagen 7S (ng/ml) 25.7 £56.2
Fib&4 index 2.72 +2.07
Liver fibrosis (stage) 1.70£0.98
VWEF: Ag (%) 141.4491.5

The data are expressed as mean =+ SD.
AFP: o-fetoprotein; DCP: des-y-carboxy prothrombin; Fib4 index: The fibro-
sis &4 index; VWF: Ag: von Willebrand factor antigen.

biopsy was 57.7 £ 12.0 years. Twenty-five patients had
chronic hepatitis type B and 187 patients had chronic
hepatitis type C. The study population comprised 100
men and 112 women. The average observation period
after liver biopsy was 30529+ 1154.6 (range: 136—
5551) days. The average age of the patients who devel-
oped HCC was 66.1 £7.2 years at the time of liver
biopsy. HCC development period was 2541.1 £ 1088.4
(range: 647-4265) days. Age, AFP, hyaluronic acid,
type IV collagen 7S and fibrosis 4 (Fib4) index were
higher in patients with severe fibrosis (F3 and F4)
than in patients with absent to moderate liver fibrosis
(FO to F2). Albumin, prothrombin time and platelet
count were lower in patients with severe fibrosis
than in patients with absent to moderate liver fibrosis
(Table 2). Age, aspartate aminotransferase, AFP, hya-
luronic acid, Fib4 index and liver fibrosis stage were
higher in patients who developed HCC during the
observation period than in patients without HCC at
the time of liver biopsy. Albumin was lower in patients
who developed HCC during the observation period
than in patients without HCC (Table 3).

Relationship between VWF: Ag and liver fibrosis
and laboratory examinations

The plasma levels of VWF: Ag increased according to
the progression of liver fibrosis and were directly corre-
lated with liver fibrosis stage (Figure 1). VWF: Ag
levels were directly correlated with aspartate amino-
transferase (Figure 2(a)), hyaluronic acid (Figure 2(b))
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Table 2. Clinical data of patients between mild to moderate liver fibrosis and severe liver fibrosis.

None to moderate liver fibrosis

Severe liver fibrosis

Variable (FO-2, n=153) (F3-4, n=159) p value
Age (year) 56.6 4 12.3 61.1410.4 p < 0.05
Sex (male/female) 68/85 32/27 NS
Hepatitis B/C 19/134 6/53 NS
Albumin (g/dL) 4.340.35 4.140.44 p < 0.05
Aspartate aminotransferase (IU/L) 49.9 4+55.1 62.3+30.4 NS
Alanine aminotransferase (IU/L) 63.1455.1 74.9 4 50.2 NS
Prothrombin time (%) 101.3 £ 14.6 92.7 +£11.0 p < 0.05
Platelet count (x10%/mm?3) 19.7+19.3 143+6.9 p < 0.05
AFP (ng/ml) 6.1 +9.4 21.0£31.0 p <0.05
DCP (mAU/ml) 21.0£6.7 23.5+8.5 NS
Hyaluronic acid (ng/ml) 73.8+76.2 224.2 4+ 265.1 p < 0.05
Type IV collagen 7S (ng/ml) 21.6 £53.1 31.1451.5 p < 0.05
Fibs index 2.50+1.85 4.77 £2.76 p <0.05
Liver fibrosis (stage) 1.24 +0.48 3.2940.46 p < 0.05
VWF: Ag (%) 129.6 +87.4 185.3 £95.2 p <0.05

The data are expressed as mean £ SD.

AFP: o-fetoprotein; DCP: des-y-carboxy prothrombin; F0: no fibrosis; F1: portal fibrosis widening; F2: portal fibrosis widening with bridging fibrosis; F3:
bridging fibrosis plus lobular distortion; Fa4: liver cirrhosis; Fib4 index: The fibrosis &4 index; VWF: Ag: von Willebrand factor antigen.

Table 3. Clinical data of patients with or without hepatocellular carcinoma development.

HCC not development

HCC development

Variable (n=185) (n=27) p value
Age (year) 56.3 +12.3 66.1+7.2 p < 0.05
Sex (male/female) 85/100 15/12 NS
Hepatitis B/C 24/161 1/26 NS
Albumin (g/dL) 4.340.32 4.140.48 p <0.05
Aspartate aminotransferase (IU/L) 47.7 +30.4 64.5 1+36.9 p < 0.05
Alanine aminotransferase (IU/L) 61.14+55.6 62.8 +31.2 NS
Prothrombin time (%) 98.6 &= 14.5 92.949.7 NS
Platelet count (x10*/mm?) 18.7420.3 127454 NS
AFP (ng/ml) 7.8+11.0 31.4447.0 p <0.05
DCP (mAU/ml) 20.8 4.9 21.5+£7.5 NS
Hyaluronic acid (ng/ml) 103.8 +159.2 175.2+148.3 p < 0.05
Type IV collagen 7S (ng/ml) 24.7. £ 54.6 9.14+4.5 NS
Fibs index 2.434+1.83 4.66 + 2.52 p <0.05
Liver fibrosis (stage) 1.66 £ 0.94 2.424+1.03 p < 0.05
VWEF: Ag (%) 137.9+86.9 207.3£+107.9 p <0.05

The data are expressed as mean = SD.

AFP: o-fetoprotein; DCP: des-y-carboxy prothrombin; Fibs index: The fibrosis & index; VWF: Ag: von Willebrand factor antigen.

and Fib4 index (Figure 2(c)). VWF: Ag was inversely
correlated with albumin (Figure 2(d)), prothrombin
time (Figure 2(e)) and platelet count (Figure 2(f)).
Other parameters including type IV collagen 7S were
not correlated with VWF: Ag. VWF: Ag level was
higher in patients with severe fibrosis (F3 and F4)
than in patients with absent to moderate liver fibrosis

(FO to F2) (Table 2). The area under the curve (AUC)
of VWF: Ag for the diagnosis of severe liver fibrosis
stage was 0.721, which has moderate accuracy in the
receiver operating characteristic curve. The AUCs were
not different between VWF: Ag and hyaluronic acid
(0.796), IV collagen 7S (0.744) and Fib4 index
(0.755). The AUCs were also not different between
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VWF: Ag and other biomarkers and/or parameters
including age, albumin, aspartate aminotransferase,
prothrombin time, platelet count and AFP (data not
shown).

P<0.05
P<0.05
350 — s —
P<0.05 P<0.05 189.4 +118.1
300 183.5 + 85.0
< 250 157.0 + 85.0
& 120.1 +80.8
%’ 200,487+ 589 e
L 150
= e
> 100
50
0
F1 F3 F4

Figure 1. Relationship between von Willebrand factor antigen
levels and liver fibrosis stage.

The plasma levels of von Willebrand factor antigen were FO:
108.7 £58.9%, F1: 120.1+80.8%, F2: 157.0+85.0%, F3:
183.5 4 85.0% and F4: 189.4 £ 118.2%. von Willebrand factor anti-
gen increased according to progression of liver fibrosis and was
directly correlated with liver fibrosis stage (r=0.313, p < 0.05).
Fo: no fibrosis; F1: portal fibrosis widening; F2: portal fibrosis
widening with bridging fibrosis; F3: bridging fibrosis plus lobular
distortion; F4: liver cirrhosis; VWF: Ag: von Willebrand factor antigen.

Advantage of VWF: Ag as predictive biomarker for
HCC development

The VWEF: Ag was higher in patients who developed
HCC during the observation period than in patients
without HCC at the time of liver biopsy (Table 3). In
addition, the VWF: Ag was higher in patients who
developed HCC with absent to moderate liver fibrosis
(FO to F2) and severe fibrosis (F3 and F4) during the
observation period than in patients without HCC at the
time of liver biopsy (Figure 3(a) and (b)). The VWEF: Ag
was not correlated with AFP and DCP (not shown). To
detect predictive biomarkers for HCC development, we
performed univariate analysis. Univariate analysis
showed that VWF: Ag, age, albumin, aspartate amino-
transferase, platelet count and liver fibrosis stage were
useful predictive biomarkers for HCC development,
whereas AFP and DCP were not. We also performed
multivariate analysis of predictive biomarkers for HCC
development. Multivariate analysis showed that only
VWEF: Ag was a useful predictive biomarker for HCC
development (Table 4).

Discussion

Most cases of LC and HCC in Japan result from the
progression of chronic hepatitis types B and C. Thus, in
this study, we investigated these patients.
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Figure 2. Relationship between laboratory data and von Willebrand factor antigen levels.

The plasma levels of von Willebrand factor antigen were directly correlated with (a) aspartate aminotransferase (p < 0.05), (b) hyaluronic
acid (p<0.05) and (c) fibrosis &4 index (p <0.05). von Willebrand factor antigen levels were inversely correlated with (d) albumin
(p<0.05), (e) prothrombin time (p <0.05) and (f) platelet count (p < 0.05).

Alb: albumin; AST: aspartate aminotransferase; Fib4 index: fibrosis &4 index; HA: hyaluronic acid; PT: prothrombin time; VWF: Ag: von
Willebrand factor antigen.
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Figure 3. Relationship between von Willebrand factor antigen levels and hepatocellular carcinoma development.
The von Willebrand factor antigen levels of patients who developed hepatocellular carcinoma with absent to moderate liver fibrosis (FO-2)
and severe fibrosis (F3 and Fu4) during the observation period was higher than that of patients without hepatocellular carcinoma at the

time of liver biopsy ((a) and (b)).

Fo: no fibrosis; F1: portal fibrosis widening; F2: portal fibrosis widening with bridging fibrosis; F3: bridging fibrosis plus lobular
distortion; Fa: liver cirrhosis; HCC: hepatocellular carcinoma; VWF: Ag: von Willebrand factor antigen.

Table &. Predictive biomarker of hepatocellular carcinoma development.

Variable HR (95% Cl) p value
Unvariable analysis

Age (per 1-year increase) 1.090 (1.028-1.156) <0.001
Sex (male vs. female) 0.6491 (0.2793-1.508) 0.3150
Hepatitis virus (B vs. C) 2.384 (0.3181-17.86) 0.3979
Albumin (per 1g/dL decrease) 0.2547 (0.07188-0.9968) <0.05
Aspartate aminotransferase (per 1IU/L increase) 1.018 (1.018-1.008) <0.05
Alanine aminotransferase (per 1IU/L increase) 1.006 (0.9968-1.014) 0.2135
Prothrombin time (per 1% decrease)) 0.9918 (0.974-1.01) 0.3771
Platelet count (per 10“/uL decrease) 0.8864 (0.8126-0.9670) <0.001
AFP (per 1ng/ml increase) 1.000 (0.9998-1.000) 0.9271
DCP (per 1 mAU/ml increase) 1.005 (0.9459-1.067) 0.8809
Hyaluronic acid (per 1 ng/ml increase) 1.002 (1.000-1.004) 0.1559
Type IV collagen 7S (per 1 ng/ml increase) 0.9892 (0.9586-1.021) 0.4987
Liver fibrosis (per one-stage increase) 1.841 (1.256-2.697) <0.001
VWEF: Ag (per 1% increase) 1.007 (1.004-1.011) <0.001
Multivariable analysis

VWEF: Ag (per 1% increase) 1.0070 (1.0010-1.0130) <0.001

The data are expressed as mean = SD.

AFP: o-fetoprotein; Cl: confidence interval; DCP: des-y-carboxy prothrombin; Fib4 index: The fibrosis &4 index; HR: hazard ratio; VWF: Ag: von

Willebrand factor antigen.

We previously reported that plasma levels of VWF:
Ag increase according to hepatic spare ability decline in
patients with LC.'® In this study, VWF: Ag was related
to liver fibrosis progression of chronic hepatitis and
inversely correlated with albumin, prothrombin time
and platelet count. VWF is observed more brightly in
hepatic ECs in histological findings according to liver
fibrosis progression.”* LC is known to be related to

angiogenesis'® and VWF is synthesized in vascular
ECs.”” VWF suppresses angiogenesis.'> > These
results indicate that VWF: Ag is possibly associated
with liver fibrosis progression. However, VWF: Ag
was not different from conventional biomarkers and
parameters in the diagnosability of severe liver fibrosis
stage. Thus, we considered that the usefulness of VWE:
Ag in severe liver fibrosis stage was not superior to
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conventional biomarkers and parameters. VWF: Ag
should be used in combination with conventional bio-
markers and/or parameters for diagnosing severe liver
fibrosis stage. Their combination may increase the diag-
nosability of liver fibrosis stage.

Angiogenesis plays an important role in HCC devel-
opment.'” HCC development is related to vascular
endothelial growth factor (VEGF) as the VEGF level
of patients with HCC, those with metastasis and large
tumour size, is higher than that of patients without
HCC.*>?® Anti-VEGF therapy can be used to treat
HCC."” VWF suppresses angiogenesis through VEGF;
human umbilical vein ECs have been treated by short
interfering RNA, which inhibited VWF expression,
increased angiogenesis and increased VEGF in vitro.'?
In this study, VWF was an independent risk factor to
predict HCC development.

Tumour markers, including AFP and DCP, are
often used to diagnose and analyse the recurrence and
treatment effects of HCC. In a previous study, VWE:
Ag levels were higher in patients with HCC than in
patients without HCC.!” VWF: Ag showed a different
functional mechanism from the conventional tumour
markers including AFP and DCP as VWF suppresses
angiogenesis. Whether VWF: Ag is a biomarker for
recurrence and treatment effects of HCC has not been
clarified; thus, we considered that VWF: Ag is not a
useful tumour marker. However, our current study
showed that VWF: Ag may be a potentially useful bio-
marker for the prediction of HCC occurrence.

VWF is associated with apoptosis as it reduces tumour
metastasis, induces the cell death of tumour cells*”**® and
tumour cells have a higher metastatic potential in VWF-
deficient mice than in VWF-expressing mice.”” VWF is
potentially related to HCC through angiogenesis and
apoptosis. The usefulness of predicting HCC develop-
ment by VWF: Ag may be related to liver fibrosis.
VWEF may be associated with HCC development through
liver fibrosis. Conversely, VWF is related to apoptosis
and angiogenesis. LC with HCC had higher VWF: Ag
levels than LC without HCC."” In addition, VWF: Ag
levels increase in other malignant tumours including gas-
tric and colon cancers,”® ! and VWF: Ag may become a
biomarker of treatment effects in malignant tumours®
not related to liver fibrosis. Our study found that the
VWE: Ag levels of patients who developed HCC with
absent to moderate liver fibrosis and severe fibrosis
were higher than those of patients without HCC. Thus,
patients who develop HCC have higher VWF: Ag levels
than patients without HCC who have the same liver fibro-
sis stage. We considered that the difference of VWF: Ag
levels between patients who developed HCC and patients
without HCC may be related to apoptosis.

Although VWF suppresses angiogenesis and pro-
motes apoptosis, several malignant tumours including

HCC increase VWF levels.>>?%% 3! There was a defi-
ciency of large VWF multimers in malignant
tumours,”” i.e. the function of VWF may decline. The
levels of a disintegrin and metalloproteinase (ADAM)
domain-containing protein 28 in malignant tumours
also increased.®® ADAMs are a gene family of trans-
membrane and/or secreted proteins that play an
important role in regulating cell phenotypes via effects
on cell adhesion, migration, proteolysis and signaling.*
The ADAM family is implicated in the pathophysi-
ology of numerous disecases. ADAM?28 cleaves VWEF,
and promotes the proliferation, invasion and metastasis
of malignant tumour cells.* We speculated that a
decline in the function of VWF results in elevated
VWEF: Ag levels.

Recently, patients with VWD have been treated with
VWF replacement therapy.'! The therapy increases
VWEF levels in the vessel and controls bleeding. In a
previous study and the current study, VWF was
shown to be related to angiogenesis and apoptosis,
and inhibited malignant tumours. We considered that
VWF replacement therapy may be a new therapy to
suppress HCC development or other malignant
tumour development by inhibiting angiogenesis and
promoting apoptosis.

Our findings suggested that VWF could reflect poten-
tial HCC development. However, this study has some
limitations. First, when VWF: Ag is used as a biomarker
to diagnose severe liver fibrosis stage and a predictive
biomarker for HCC development, several factors influ-
ence VWF: Ag levels. VWF is related not only to angio-
genesis and apoptosis, but also to haemostasis and
inflammation.!”” VWF: Ag levels increase in patients
with thrombosis and inflammation. Patients with severe
liver fibrosis sometimes develop thrombosis or inflamma-
tion including portal thrombosis and spontaneous bac-
terial peritonitis. Second, this study only included
patients with chronic hepatitis types B and C. Other
chronic liver diseases, including alcoholic hepatitis, non-
alcoholic hepatitis, autoimmune hepatitis and primary
biliary cholangitis, should be examined in the future.

In conclusion, VWF contributes to HCC develop-
ment, reflecting angiogenesis and apoptosis. VWF: Ag
is an independent risk factor of HCC development and
is associated with liver fibrosis. To our knowledge, this
study is the first to show that VWF: Ag is associated
with liver fibrosis and is a useful predictive biomarker
for HCC development. Thus, we anticipate the devel-
opment of new diagnostic and therapeutic approaches
for chronic hepatitis and HCC prediction by using
VWEF: Ag.
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