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Abstract
Background: Proteoglycans are involved in neoangiogenesis and transduction of oncogenic signals, two
hallmarks of carcinogenesis.
Methods: This study sought to assess the prognostic value of serum levels of three proteoglycans (endocan,
syndecan-1, and glypican-3) and VEGF in 295 patients with alcoholic cirrhosis: 170 without hepatocellular
carcinoma, 58 with early hepatocellular carcinoma, and 67 with advanced hepatocellular carcinoma at
inclusion. We analyzed the association between proteoglycan levels and prognosis using Kaplan–Meier and
Cox methods.
Results: Serum levels of the three proteoglycans and VEGF were increased in patients with advanced
hepatocellular carcinoma compared with those without hepatocellular carcinoma or with early hepatocellular
carcinoma. In multivariate analysis, high levels of serum endocan (>5 ng/mL) were independently associated
with death [HR, 2.84; 95% confidence interval (CI,) 1.18–6.84; P ¼ 0.02], but not with hepatocellular carcinoma
occurrence, in patients without hepatocellular carcinoma at baseline. High serum endocan (>5 ng/mL) and
syndecan-1 (>50 ng/mL) levels were significantly associated with greater risk of tumor recurrence (P ¼ 0.025) in
patients with early hepatocellular carcinoma treated by radiofrequency ablation. In patients with advanced
hepatocellular carcinoma, high serum levels of endocan (P ¼ 0.004) and syndecan-1 (P ¼ 0.006) were significantly
associated with less favorable overall survival. However, only a high level of serum syndecan-1 (>50 ng/mL)
was independently associated with greater risk of death (HR, 6.21 95% CI, 1.90–20.30; P ¼ 0.0025).
Conclusion: Serum endocan and syndecan-1 are easily assessable prognostic serum biomarkers of overall
survival in alcoholic cirrhosis with and without hepatocellular carcinoma.
Impact: These new biomarkers will be useful to manage patients with hepatocellular carcinoma developed
on alcoholic cirrhosis. Cancer Epidemiol Biomarkers Prev; 22(8); 1343–52. 2013 AACR.

Introduction
In western countries, most of the hepatocellular carcinoma cases arise following cirrhosis, with an incidence
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of 3% to 5% per year. The main etiologies of underlying
liver disease are chronic hepatitis C, chronic hepatitis B,
and alcohol consumption (1). In this setting, chronic
alcohol consumption represents a public health problem
and constitutes one of the main causes of cirrhosis and
related hepatocellular carcinoma (2). However, hepatocellular carcinoma developing on alcoholic liver diseases
remains poorly studied compared with hepatitis B- and
C-associated hepatocellular carcinoma; thus, prospective follow-up cohorts of patients with alcohol-related
cirrhosis are warranted. In such patients, prognosis is
modeled not only by death from hepatocellular carcinoma, but also from underlying liver disease. However,
difficulties in assessing the outcome in such patients
warrant a search for new biomarkers easily measured
in routine practice, to refine their selection and adapt
therapeutic procedures (2–4). Along this line, biomarkers related to tumor progression and to the severity of
the underlying liver disease need to be identified to
refine prognostic predictions.
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Neoangiogenesis is one of multiple pathways involved
in solid tumor progression, particularly that of hepatocellular carcinoma, a highly vascularized cancer (5). Serum
VEGF constitutes a classical surrogate marker of neoangiogenesis and has been associated with the prognosis of
numerous solid tumors (5). In addition to neoangiogenesis, interactions with the tumor microenvironment and
stimulation of the oncogenic pathway by growth factors
are hallmarks of cancer (5). Proteoglycans act as pathogenic links between these biologic characteristics and
seem to be satisfactory candidate biomarkers, easily measurable in sera of patients with cirrhosis and hepatocellular carcinoma (6).
Proteoglycans consist of a core protein with one or
more covalently attached glycosaminoglycan chain(s)
(6). Depending on the composition of the glycosaminoglycan chain(s), proteoglycans are divided into several
families: heparan sulfates, chondroitin sulfates, and keratan sulfates. Proteoglycans exert various biologic functions in embryogenesis, extracellular matrix remodeling,
angiogenesis, the signal transduction pathway, and the
inflammatory response. Moreover, proteoglycan expression is frequently altered in cancers (6). We focused on 3
proteoglycans, endocan, syndecan-1, and glypican-3,
because of their relevance to carcinogenesis.
Glypican-3, a heparan sulfate proteoglycan, is an immunohistochemical biomarker for distinguishing early hepatocellular carcinoma from preneoplastic lesions (7). The
prognostic value of glypican-3 has been poorly explored
compared with its diagnostic value (8). Glypican-3 is
expressed in some hepatocellular carcinoma cases, characterized by poor differentiation or progenitor features,
both of which are related to poor prognosis and a higher
incidence of tumor recurrence (9).
Syndecan-1, another heparan sulfate proteoglycan, is
involved in the migration and invasiveness of hepatocellular carcinoma cell lines and controls the cancer microenvironment by acting on growth factors and protease
activities (10). Moreover, the level of shed syndecan-1 is
increased in sera of patients with lung cancer and myeloma
and is associated with the prognosis (11, 12). However,
overexpression of syndecan-1 by malignant hepatocytes
characterized by immunohistochemistry was associated
with well differentiated hepatocellular carcinoma without
metastasis, a subgroup of tumors with good prognosis (13).
Although, increased levels of syndecan-1 in advanced
hepatocellular carcinoma had been previously reported,
its potential value as a diagnostic or prognostic tool has not
been studied (14).
Endocan, also termed endothelial cell–specific molecule-1, is a dermatan sulfate proteoglycan secreted by
endothelial cells that binds proangiogenic growth factors
and regulates their activity (15, 16). It also promotes cancer
cell survival, migration and invasion in vitro, and tumor
growth in vivo, as described in a mouse model of human
tumor xenografts (17, 18). In humans, the serum level of
endocan has been identified as an independent prognostic
marker in non–small cell lung cancer (19).
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The aim of the present study was to assess a potential
association between circulating levels of proteoglycans
and VEGF with hepatocellular carcinoma occurrence and
overall survival in patients with alcoholic cirrhosis, as well
as with the prognosis of cirrhotic patients with hepatocellular carcinoma eligible for curative or palliative treatment.

Materials and Methods
Patient selection
We retrospectively assessed levels of VEGF, endocan,
syndecan-1, and glypican-3 in sera of prospectively followed-up cirrhotic patients at a tertiary center (H^
opital
Jean Verdier, Bondy, France). All cirrhotic patients
referred to our institution for management of cirrhosis
between January 2007 and December 2009 were considered. For this study, we selected patients fulfilling the
following inclusion criteria: (i) biopsy-proven cirrhosis;
(ii) alcoholic liver disease defined by alcohol intake of
more than 50 g per day and absence of other etiologies;
and (iii) a frozen serum sample collected before any
treatment. Exclusion criteria included HIV infection and
severe alcoholic hepatitis.
The day of inclusion was the date of the first serum
collected for proteoglycan level assessment before any
treatment. Clinical, biologic, endoscopic, and radiological
features were recorded at inclusion.
Patients were classified into 3 groups according to the
presence and status of hepatocellular carcinoma as follows:
1) Patients with alcoholic cirrhosis "without"
hepatocellular carcinoma. Normal ultrasonography
and a-fetoprotein (AFP) < 100 ng/mL were
necessary at baseline.
2) Patients with early hepatocellular carcinoma
classified as Barcelona clinic liver cancer (BCLC)
stage 0 (one nodule < 2 cm) or A (one nodule < 5 cm or
maximum 3 nodules < 3 cm).
3) Patients with "advanced" hepatocellular carcinoma
classified as BCLC stage B (multinodular form apart
from Milan criteria), BCLC stage C (portal invasion
or metastasis), or BCLC stage D (poor performance
status or Child-Pugh C).
Hepatocellular carcinoma was diagnosed using either
guided biopsy or Barcelona non-invasive criteria endorsed
by the European Association for the Study of the Liver
(EASL; ref. 3).
Endpoints and follow-up
All cirrhotic patients without hepatocellular carcinoma
at baseline were screened for hepatocellular carcinoma
every 6 months using liver ultrasonography and serum
AFP levels (3). The 2 main endpoints were occurrence of
hepatocellular carcinoma and occurrence of liver transplantation or death.
Patients with early hepatocellular carcinoma were treated in our liver unit by radiofrequency ablation (RFA) by
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Table 1. Characteristics of alcoholic cirrhotic patients with and without hepatocellular carcinoma

Variable
Age at inclusiona
Gender (male)b
Diabetesb
Child-Pugh Ab
Child-Pugh Bb
Child-Pugh Cb
AFP level (ng/mL)a
Albumin (g/dL)b
Total bilirubin (mg/dL)a
AST (>2 ULN)a
ALT (>2 ULN)a
ALP(>2 ULN)a
GGT (>2 ULN)a
Platelet count ( 103/mm)a
Prothrombin timeb
Creatinine (mmol/L)b
Serum endocan (ng/mL)a
Serum syndecan-1 (ng/ml)a
Serum glypican-3 (ng/ml)a
Serum VEGF (pg/mL)a
Tumor portal thrombosisb
Tumor number > 1b
Tumor size (mm)a
BCLC stage 0b
BCLC stage Ab
BCLC stage Bb
BCLC stage Cb
BCLC stage Db

Total
(n ¼ 295)

No HCC
(n ¼ 170)

Early HCC
(n ¼ 58)

Advanced HCC
(n ¼ 67)

62 (55;71)
253 (85.8)
51 (17.3)
163 (55.3)
85 (28.8)
47 (15.9)
4 (3;9)
36.7 (31.5;41.8)
1.2 (0.64;2.6)
91/266 (34.2)
33/266 (12.4)
48/261 (18.4)
188/253 (74.3)
125.5 (84.8;171.2)
67 (53;80)
79 (66;95)
4.6 (2.9;7.0)
50.1 (26.4;103.2)
2.5 (1.1;5.8)
243 (133;448)

59 (51;65)
144 (84.7)
30 (17.7)
85 (50.0)
52 (30.6)
33 (19.4)
4 (3;10)
37 (31.0;42.2)
1.4 (0.64; 2.8)
53/148 (35.8)
18/148 (12.2)
25/144 (17.4)
103/143 (72.5)
126 (83;171)
65 (49.3;83.0)
77 (64.3;92.0)
4.5 (2.3;6.6)
38.5 (23.9;84.0)
2.5 (1.2;6.7)
222.5 (110.8;368.8)

69 (61;74)
47 (81.0)
11 (19.0)
49 (84.5)
8 (13.8)
1 (1.7)
4 (3.7.3)
39.5 (34.8;42.4)
0.9 (0.61;1.6)
19/53 (35.8)
8/53 (15.1)
10/52 (19.2)
34/47 (72.3)
119 (89.5;170.5)
70 (60.8;79.3)
79 (71;93)
4.2 (3.1;6.7)
42.5 (25.7;58.0)
1.4 (0.5;2.5)
254 (143.2;400.8)
0 (0)
9/56 (16.1)
27.5 (20; 4)
13 (22.4)
45 (77.6)
0 (0)
0 (0)
0 (0)

69 (62;76.5)
62 (92.5)
10 (14.9)
29 (43.3)
25 (37.3)
13 (19.4)
4 (3;7)
35.1 (31.6;39.3)
1.5 (0.73;3.8)
19/65 (29.2)
7/65 (10.8)
13/65 (20.0)
51/64 (79.7)
133 (84.3;168.8)
68 (56.5;78.0)
89 (70;107.5)
5.8 (3.5;7.9)
145.1 (55.5;327.5)
4.2 (2;9.1)
370 (173;660)
24/55 (43.6)
35/60 (58.3)
60 (30;80)
0 (0)
0 (0)
33 (49.2)
15 (22.4)
19 (28.4)

P
<0.0001
0.13
0.81
<0.0001

0.66
0.022
0.005
0.64
0.77
0.89
0.54
0.92
0.28
0.002
0.018
<0.0001
<0.0001
0.0016
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

NOTE: The Fisher exact or c2 test was used for binary variables and the Wilcoxon or Kruskal–Wallis test for continuous variables.
Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transferase; HCC, hepatocellular carcinoma; ULN: upper limit of normal.
a
Median (ﬁrst and third quartiles).
b
Number (%) of patients.

the same operator. All were then followed-up using
abdominal CT scan and serum AFP assessment at one
month and then every 3 months. Patients showing a partial
response at one month defined by persistent enhancement
of the lesion on CT scan could then be retreated with RFA.
The 2 main endpoints were recurrence-free survival (RFS)
and overall survival.
Patients with "advanced" hepatocellular carcinoma
were treated and followed-up according to EASL recommendations: arterial chemoembolization for BCLC stage B,
sorafenib since 2008 for BCLC stage C, and best supportive
care for BCLC stage D (3, 20). Primary endpoint was overall
survival. Time-to-progression was not assessed because of
heterogeneity of treatment in this subgroup of patients.
In each subgroup of patients, follow-up ended at the date
of liver transplantation or death or at the last recorded visit
(or information) during the 6 months before July 2010.

www.aacrjournals.org

Ethics statement
All patients gave written consent for blood sampling;
local ethics committee (Paris XIII) approval for the protocol was obtained.
Quantification of circulating proteoglycans
Blood samples were collected under fasting conditions
before any treatment. After centrifugation (4,000 rpm for
15 minutes), sera were separated and stored at 80 C.
Commercial ELISA kits were used to conduct proteoglycans and VEGF quantifications in sera according to the
manufacturers’ instructions. Syndecan-1 sCD138 and
glypican-3 ELISA kits were purchased from Gen-Probe
Diaclone and Cusabio Biotech Co., Ltd., respectively.
Endocan serum levels were measured by ELISA kits
distributed by Lunginnov and VEGF by ELISA kits from
R&D Systems.
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Figure 1. Levels of serum proteoglycans and VEGF in patients with alcohol-related cirrhosis and hepatocellular carcinoma (HCC). Levels of serum
proteoglycans and VEFG according to (A) the presence and stage of hepatocellular carcinoma in the whole population and (B) Child-Pugh score in the whole
population. Data were compared using the nonparametric Kruskall–Wallis test.

Statistical analysis
Variables were compared using Fisher exact test for
qualitative data and Kruskal–Wallis tests for continuous
data.
Overall survival was defined by time from inclusion to
death or liver transplantation; patients free of events were
censored at their last visit, recorded until August 31, 2010.
For the patient group without hepatocellular carcinoma, time to hepatocellular carcinoma occurrence was
defined as time between date of inclusion and date of
onset of hepatocellular carcinoma. For the patient group
with early hepatocellular carcinoma, RFS was defined as
time between date of inclusion and date of hepatocellular
carcinoma recurrence or date of death.
Distribution of time-to-failure endpoints was estimated
by the Kaplan–Meier method. Levels of circulating proteoglycans (endocan, syndecan-1, and glypican-3) and
VEGF were dichotomized (low level vs. high level) using
mean values.
Univariate and multivariate analyses were conducted
using Cox models for overall survival and RFS. Causespecific Cox models were also fitted to estimate the influence of these covariates on time to hepatocellular carcinoma occurrence. All statistical tests were two-sided and
P values  0.05 were considered significant. Statistical
analysis was conducted using SAS 9.2 (SAS, Inc) and
R 2.10.1 (R Development Core Team) software packages.

Results
Characteristics of patients and proteoglycan serum
levels
A total of 295 patients with alcoholic cirrhosis were
included in the study. Among them, 170 patients had
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alcoholic cirrhosis without hepatocellular carcinoma, 58
patients had early hepatocellular carcinoma, and 67
patients had advanced hepatocellular carcinoma. Their
characteristics are displayed in Table 1.
The levels of serum endocan, syndecan-1, glypican-3, and
VEGF were significantly increased in patients with
advanced hepatocellular carcinoma compared with patients without hepatocellular carcinoma or those with early
hepatocellular carcinoma (Table 1; Fig. 1A). However, such
differences were restricted to advanced hepatocellular carcinoma, whereas neither levels of serum VEGF and endocan
nor levels of serum syndecan-1 significantly differed
between the group of patients without hepatocellular carcinoma and that of patients with early hepatocellular carcinoma. However, the 3 subgroups of cirrhotic patients
were heterogeneous in their underlying liver function, as
reflected by the Child-Pugh classification (table 1). Indeed,
there was a positive correlation between Child-Pugh C
classification and high levels of serum endocan, syndecan-1, and glypican-3 (Fig. 1B). To eliminate this confounding factor, we focused only on Child-Pugh A patients; levels
of endocan, syndecan-1, glypican-3, and VEGF levels
remained significantly higher in patients with advanced
hepatocellular carcinoma than in those with early hepatocellular carcinoma or without hepatocellular carcinoma
(Supplementary Fig. S1A). As certain proteoglycans are
implicated in microvascular dysfunction and neoangiogenesis, we assessed a possible association with tumor portal
thrombosis or portal hypertension. High levels of circulating proteoglycans were significantly associated with the
presence of tumor portal thrombosis in patients with advanced hepatocellular carcinoma (Supplementary Fig. S1B).
In contrast, in the group of patients without hepatocellular
carcinoma, serum proteoglycans (except glypican-3) were
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Table 2. Clinical and biologic variables associated with overall mortality and hepatocellular carcinoma
occurrence in patients without hepatocellular carcinoma at baseline based on Cox univariable and
multivariable models
Univariate analysis
Variables
Gender (male)
Age/10 (years)
Child-Pugh
A
B
C
Creatinine>80
AST (>2ULN)
ALT (>2ULN)
ALP (>2ULN)
GGT (>2ULN)
Alpha-fetoprotein/10
Platelet/100
Diabetes
Serum endocan >5 ng/mL
Serum syndecan >50
Serum glypican-3 >2.5
Serum VEGF >240
Gender (male)
Age/10 (y)
Child-Pugh
A
B
C
Creatinine >80
AST (>2 ULN)
ALT (>2 ULN)
PAL (>2 ULN)
GGT (>2 ULN)
AFP/10
Platelet/100
Diabetes
Serum endocan >5 ng/mL
Serum syndecan-1 >50
Serum glypican-3 >2.5
Serum VEGF >240

P

HR (95% CI)
1.02 (0.36–2.88)
1.11 (0.83–1.49)

Multivariate analysis
HR (95% CI)

P

3.43 (1.26–9.37)
4.13 (1.42–12.04)

0.016
0.009

2.84 (1.18–6.84)

0.02

2.47 (1.43–4.26)

0.0012

2.32 (1.18–4.55)

0.015

Overall survival
0.97
0.49

1
5.36 (2.30–12.48)
6.74 (2.73–16.63)
1.08 (0.57–2.07)
0.51 (0.23–1.12)
0.43 (0.10–1.82)
0.68 (0.26–1.78)
1.47 (0.60–3.60)
1.00 (0.93–1.07)
0.86 (0.51–1.46)
0.76 (0.27–2.14)
5.75 (2.70–12.28)
1.18 (0.62–2.26)
1.53 (0.80–2.93)
0.72 (0.36–1.43)

0.0001
<0.0001
0.81
0.092
0.25
0.43
0.39
0.96
0.58
0.60
<0.0001
0.62
0.20
0.34

Hepatocellular carcinoma occurence
1.91 (0.25–14.47)
0.53
2.30 (1.42–3.71)
0.0007
1
2.51 (0.93–6.76)
0.55 (0.07–4.39)
1.34 (0.51–3.49)
0.77 (0.27–2.24)
1.08 (0.24–4.82)
1.25 (0.39–3.99)
2.12 (0.48–9.48)
1.02 (0.97–1.07)
2.00 (1.07–3.72)
1.42 (0.40–4.99)
1.73 (0.66–4.49)
0.88 (0.33–2.32)
0.50 (0.18–1.43)
1.09 (0.41–2.89)

0.068
0.57
0.55
0.63
0.92
0.70
0.32
0.39
0.029
0.59
0.26
0.79
0.20
0.86

NOTE: In bold, variables with P value < 0.05 in univariate analysis.
Abbreviations: ALT: alanine aminotransferase; ALP: alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma-glutamyl
transferase; ULN, upper limit of normal.

not correlated with portal hypertension, defined by the
presence of esophageal varices (Supplementary Fig. S1C).
Serum endocan predicted overall survival in patients
with alcoholic cirrhosis without hepatocellular
carcinoma at baseline
We next sought to assess the capacity of serum proteoglycans and VEGF to predict death or hepatocellular
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carcinoma occurrence in patients without hepatocellular
carcinoma at time of inclusion. Median duration of
follow-up of the 170 patients without hepatocellular
carcinoma was 16.8 months [interquartile range (IQR):
7.7–25.8]. Overall, 17 patients (10%) were lost to followup after at least one year of hepatocellular carcinoma
screening, 17 patients developed hepatocellular carcinoma, and 38 either died (n ¼ 30) or underwent liver
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complications of hepatic failure in the remaining case.
The median time to hepatocellular carcinoma recurrence
was 16.0 months (IQR: 11.4–24.4).
Elevated levels of serum endocan (>5 ng/mL, P ¼ 0.025)
and syndecan-1 (>50 ng/mL, P ¼ 0.025) were significantly
associated with high risk of tumor recurrence (Fig. 3B and
C). However, in multivariate analysis, both prognostic
values disappeared (Supplementary Table S1).
When focusing on overall survival, we showed that
only the high level of syndecan-1 (>50 ng/mL) was significantly associated with high risk of death (HR, 2.75; 95%
CI, 1.15–6.57; P ¼ 0.023; Supplementary Table S1). In
contrast with analysis of tumor recurrence, serum levels
of endocan were not predictive of overall survival in the
subgroup of patients with early hepatocellular carcinoma
(Fig. 3A).

1.0

Overall survival

0.8

P < 0.0001

0.6

0.4
Endocan < 5 ng/mL
Endocan ≥ 5 ng/mL

0.2

0.0
0

5

10

15
Months

20

25

30

Patients at risk:
Endocan < 5 96
Endocan ≥ 5 73

87
54

69
40

62
26

51
21

35
13

3
0

Figure 2. Overall survival in alcohol-related cirrhosis without
hepatocellular carcinoma (HCC) at baseline according to serum levels of
endocan. High levels of serum endocan were signiﬁcantly associated
with greater risk of death (HR, 5.75 95% CI, 2.70–12.28; P < 0.0001) in
cirrhotic patients without hepatocellular carcinoma at baseline. Patients
were stratiﬁed according to the median level of serum endocan: low levels
of circulating endocan (<5 ng/mL) versus high levels of circulating
endocan (>5 ng/mL). The Kaplan–Meier method was used to estimate
death. Numbers at risk are shown under the x-axis.

transplantation (n ¼ 8). In all but 5 cases, death was
attributed to liver disease: advanced hepatocellular
carcinoma in 8 cases and variceal bleeding and/or
complications due to hepatic failure in the other 25.
High levels of circulating endocan [HR, 2.84; 95% confidence interval (CI), 1.18–6.84; P ¼ 0.02] were chosen by
the multivariate Cox model as an independent prognostic variable (Table 2 and Fig. 2), along with a high
Child-Pugh score. However, none of the studied serum
proteoglycans were associated with cause-specific risk
of hepatocellular carcinoma occurrence in this subgroup of patients (Table 2).
Serum proteoglycans and prognosis of patients with
alcoholic cirrhosis and early hepatocellular
carcinoma
We focused on the prognosis of patients with early
hepatocellular carcinoma treated by RFA. Median duration of follow-up of the 58 patients with early hepatocellular carcinoma was 18.7 months (IQR: 8.9–30.0). Seven
patients (12%) were lost to follow-up after at least one
year of hepatocellular carcinoma screening, 28 (48%) had
hepatocellular carcinoma recurrence, and 22 (38%) either
died (n ¼ 17) or underwent liver transplantation (n ¼ 5).
In all but 4 cases, death or liver transplantation was due to
liver disease, attributable to advanced hepatocellular
carcinoma in 17 cases and to variceal bleeding and/or
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Serum syndecan-1 predicted overall survival in
patients with alcoholic cirrhosis and advanced
hepatocellular carcinoma
Finally, we studied the ability of serum proteoglycans
and VEGF to predict death in patients with advanced
hepatocellular carcinoma. Median duration of follow-up
of the 67 patients with advanced hepatocellular carcinoma
was 4.2 months (IQR: 1.4–13.6). Eight patients (11%) were
lost to follow-up and 50 (75%) died because of hepatocellular carcinoma progression. In that group, 28 patients
(41.8%) had been treated by arterial embolization, 13
(19.4%) by sorafenib, 7 (10.4%) by miscellaneous treatments, and 19 (28.4%) by best supportive care.
High levels of serum endocan and syndecan-1 were
significantly associated with poor overall survival in
patients with advanced hepatocellular carcinoma (Fig.
3D and E). In multivariate analysis, Child-Pugh C (HR,
6.55; 95% CI, 1.83–23.53; P ¼ 0.004) and a high level of
syndecan-1 (HR, 6.21; 95% CI, 1.90–20.30; P ¼ 0.0025),
together with tumor portal thrombosis (HR, 2.15; 95%
CI, 0.99–4.64; P ¼ 0.052), were independently associated
with a less favorable outcome in this subset of patients
(Table 3).

Discussion
In the present study, we analyzed the prognostic value
of 3 proteoglycans (endocan, syndecan-1, and glypican-3)
and VEGF in sera of 295 patients with alcohol-related
cirrhosis prospectively screened for hepatocellular carcinoma and classified according to the absence or presence of early hepatocellular carcinoma and advanced
hepatocellular carcinoma at the date of inclusion. While
serum proteoglycans seem to be poor candidates as
diagnostic biomarkers, they might be strongly related to
patient prognosis. Serum levels of endocan were associated with overall survival in each subgroup of patients,
and serum levels of syndecan-1 were strongly associated
with overall survival in patients with advanced hepatocellular carcinoma.
In the present study, we found a significant increase in
endocan, syndecan-1, glypican-3, and VEGF levels in sera
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Figure 3. Outcome according to levels of serum proteoglycans in patients with early and advanced hepatocellular carcinoma (HCC). A, high levels of
circulating endocan were not associated with higher risk of death in patients with early hepatocellular carcinoma (HR, 1.74; 95% CI, 0.75–4.04;
P ¼ 0.19). Patients were stratiﬁed according to low levels of endocan (<5 ng/mL) versus high levels of endocan (>5 ng/mL). B, high levels of serum endocan
were a risk factor for tumor recurrence in patients with early hepatocellular carcinoma (HR, 2.17 95% CI, 1.1–4.27; P ¼ 0.025). Patients were stratiﬁed
according to the mean value of serum endocan: low levels (<5 ng/mL) versus high levels (>5 ng/mL). C, high levels of serum syndecan-1 were associated with
strong risk of tumor recurrence in patients with early hepatocellular carcinoma (HR, 2.17; 95% CI, 1.1–4.28; P ¼ 0.025). Patients were stratiﬁed
according to mean levels of syndecan-1: low value (<50 ng/mL) versus high value (>50 ng/mL) of serum syndecan-1. D, high levels of serum endocan
were associated with strong risk of death (HR, 2.39 95% CI, 1.31–4.35; P ¼ 0.004) in patients with advanced hepatocellular carcinoma. Patients were divided
according to mean levels of serum endocan: low levels (<5 ng/mL) versus high levels of endocan (>5 ng/mL). E, high levels of serum syndecan-1
were associated with poor overall survival in patients with advanced hepatocellular carcinoma (HR, 3.32; 95% CI, 1.4–7.84; P ¼ 0.006). Patients were stratiﬁed
according to mean levels of serum syndecan-1: low levels (<50 ng/mL) versus high levels (>50 ng/mL). The Kaplan–Meier method was used to estimate overall
survival and tumor recurrence for each level of proteoglycans. Numbers at risk are shown under the x-axis.

of patients with advanced hepatocellular carcinoma. This
might reflect increased neoangiogenesis and microenvironment remodeling during liver cancer progression.
However, because serum levels of these biomarkers were
not increased in patients with early hepatocellular carcinoma, they are not useful for diagnostic purposes. Indeed,

www.aacrjournals.org

diagnosis of early hepatocellular carcinoma is the most
clinically relevant setting, as this subgroup of patients
may benefit from curative treatment.
In our study, we found no association between VEGF
levels and the different clinical endpoints in any of our
patient subgroups. Two recent studies have reported a
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Table 3. Clinical and biologic variables associated with overall mortality in patients with advanced
hepatocellular carcinoma based on Cox univariable and multivariable models
Univariate analysis
Variables
Overall survival
Gender (male)
Age/10 (y)
Child-Pugh
A
B
C
Creatinine >80
AST (>2 ULN)
ALT (>2 ULN)
PAL (>2 ULN)
GGT (>2 ULN)
AFP/10
Platelet/100
Diabetes
Tumor portal thrombosis
Number of HCC >1
Size of HCC/10
Serum endocan > 5
Serum syndecan-1 > 50
Serum glypican-3 >2.5
Serum VEGF >240

HR (95% CI)
1.35 (0.40–4.50)
0.9 (0.64–1.25)
1
1.61 (0.83–3.14)
4.38 (2.07–9.30)
1.19 (0.66–2.16)
1.02 (0.55–1.88)
0.84 (0.36–1.99)
0.52 (0.24–1.14)
1.29 (0.60–2.78)
1.0 (1.0–1.0)
0.75 (0.47–1.20)
0.79 (0.37–1.70)
4.4 (2.33–8.33)
0.74 (0.41–1.35)
1.01 (1.01–1.19)
2.39 (1.31–4.35)
3.32 (1.40–7.84)
1.58 (0.86–2.92)
1.27 (0.70–2.30)

Multivariate analysis
P

HR (95% CI)

P

1
3.43 (1.05–11.2)
6.55 (1.83–23.53)

0.041
0.004

2.15 (0.99–4.64)

0.052

1.10 (0.97–1.24)
1.16 (0.48–2.79)
6.21 (1.90–20.30)

0.13
0.74
0.0025

0.63
0.52

0.16
0.00012
0.57
0.96
0.69
0.10
0.51
0.24
0.23
0.55
<0.0001
0.33
0.032
0.004
0.006
0.14
0.43

NOTE: In bold, variables with P value < 0.05 in univariate analysis.
Abbreviations: ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; HCC, hepatocellular
carcinoma; GGT, gamma-glutamyl transferase level; ULN, upper limit of normal.

prognostic value of serum VEGF in advanced hepatocellular carcinoma (21, 22). However, our study differed
from those in terms of etiology and severity of underlying
liver disease, which could explain these differences.
In contrast, we were able to show the prognostic value
of serum endocan (19). High serum endocan levels were
associated with poor overall survival in patients with
early and advanced hepatocellular carcinoma, but were
not independent of other variables in multivariate analysis. Endocan is a proteoglycan strongly expressed by
tumor endothelial cells, but poorly expressed by resting
endothelial cells (16, 23). Thus, it could constitute a good
surrogate marker of tumor neoangiogenesis and might
be a potential therapeutic target for new antiangiogenic
drugs. An antibody against endocan was used on a
xenograft mouse model via tumor cells overexpressing
endocan; it reduced the tumor burden in immunocompromised mice (17). In humans, expression of endocan
by endothelial cells in immunohistochemistry was correlated with microvascular invasion and poor prognosis
(24). However, the rate of circulating endocan has not
been previously correlated with prognosis or tumor
vessel expression. Here, we showed that patients with
tumor portal thrombosis exhibited higher rates of serum

1350

Cancer Epidemiol Biomarkers Prev; 22(8) August 2013

endocan than patients without tumor portal thrombosis.
High levels of circulating endocan might therefore not
only reflect macrovascular invasion, but possibly also
microvascular invasion, although this hypothesis is
speculative.
Interestingly, we showed that a high serum endocan
level was associated with strong risk of death in patients
without hepatocellular carcinoma at baseline, but was not
predictive of hepatocellular carcinoma occurrence. In
patients with alcohol-related cirrhosis and without hepatocellular carcinoma, the mean levels of circulating endocan (mean  SD, 4.8  3.1 ng/mL) were higher than in a
control population without cirrhosis (0.77  0.18 ng/mL)
included in previous studies (19). Along the same lines,
levels of circulating endocan, syndecan-1, and glypican-3
are higher in patients with advanced liver failure than in
patients with compensated cirrhosis. The underlying process explaining this overexpression remains unknown.
Lipopolysaccharide and TNF-a, 2 classical proteins that
increase during bacterial infection, could induce secretion
of endocan by cultured endothelial cells (25). Endocan has
been proposed as a pertinent biomarker of endothelial
dysfunction in severe sepsis (25). Serum endocan may
indeed reflect endothelial dysfunction induced by a
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systemic inflammatory response, a pathologic process that
could modify the course of cirrhosis (26). As hepatocellular
carcinoma often develops in cirrhotic liver, death from the
underlying disease constitutes a competitive risk of death
from the tumor. In light of this, serum endocan is a
potential option for refining the prognosis in addition to
the classical Child-Pugh score.
In contrast to studies focusing on tumor expression
(9, 27), we did not find any prognostic value for serum
glypican-3, underlining the possible discrepancy between
tumor expression and the serum value of glypican-3.
Finally, syndecan-1 is a proteoglycan expressed in
hepatocytes and involved in proliferation, migration,
and adhesion in hepatocellular and myeloma cell lines
(6, 10). We found that serum syndecan-1 was independently associated with poor overall survival at advanced
stages of primary liver tumors. This observation corroborates the prognostic value observed in other solid and
hematologic cancers and in fundamental studies focusing on syndecan-1 in hepatocellular carcinoma cell lines
(10–13).
In conclusion, our study suggests a prognostic role for
serum levels of endocan and syndecan-1, respectively, in
patients without and with hepatocellular carcinoma
developing on alcoholic cirrhotic liver. Basic research will
better characterize the role of proteoglycans in liver dysfunction and carcinogenesis. In addition to their role as
functional coreceptors of chemokines and growth factors,

proteoglycans may exert other undefined roles that warrant elucidation.
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