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in HCC patients without heterogeneity. Egger’s and
Begg’s tests were applied to detect publication bias,
and the results showed that there was no evidence
of publication bias detected in the OS studies (the P
value for Egger’s test was 0.216) or DFS studies (the P
value for Egger’s test was 0.488). The combined odds
ratios (ORs) suggested that GPC3 expression tends
to be associated with tumor vascular invasion (OR =
2.74, 95%CI: 1.15-6.52, P = 0.02), hepatic cirrhosis
(OR = 2.10, 95%CI: 1.31-3.36, P = 0.002), poor tumor differentiation (OR = 0.22, 95%CI: 0.13-0.40,
P < 0.00001) and advanced TNM stage (OR = 0.31,
95%CI: 0.18-0.51, P < 0.00001).
CONCLUSION: From this study, we conclude that
GPC3 overexpression tends to be associated with a
poor prognosis (poor OS or DFS) in HCC.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the prognostic and clinicopathological significance of glypican-3 (GPC3) overexpression
in hepatocellular carcinoma (HCC).

Key words: Hepatocellular carcinoma; Glypican-3; Prognosis; Clinicopathological parameter; Meta-analysis

METHODS: Publications were searched using PubMed,
EMBASE, the Cochrane Library and the Chinese Biomedical Literature Database up to March 2013. Inclusion and exclusion criteria were established to screen
eligible studies for meta-analysis. The hazard ratios
(HRs) of the eligible studies were pooled using RevMan
5.2 software to evaluate the impact of GPC3 overexpression on overall survival (OS) and disease-free survival (DFS) in HCC patients. The correlation between
GPC3 expression and clinicopathological parameters of
HCC was also analyzed.

Core tip: Glypican-3 (GPC3) is known to be a specific
and available molecular marker for the diagnosis of hepatocellular carcinoma (HCC). However, the prognostic
value of GPC3 overexpression in patients with HCC is
less researched and remains controversial. We performed the meta-analysis including six eligible studies
and demonstrated that GPC3 overexpression was associated with poor overall survival and disease-free survival in HCC. We also found that GPC3 expression was
closely related with tumor vascular invasion, hepatic
cirrhosis, tumor grade and tumor stage in HCC.

RESULTS: A total of five studies with 493 patients
were included in the meta-analysis. The combined HRs
indicated that GPC3 overexpression can predict poor
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In this study, we extracted and pooled the results of
the included studies and attempted to objectively evaluate
GPC3 expression in HCC tissues and its association with
OS and DFS in patients with HCC. The relationship between GPC3 expression and tumor vascular invasion or
other clinicopathological characteristics (such as hepatic
cirrhosis, tumor grade and TNM stage) were also analyzed. The results of this meta-analysis will help us to design a personalized therapeutic schedule for each patient
and to provide a closer follow-up for patients with GPC3
overexpression. Furthermore, based on our understanding of the effect and function of GPC3 in HCC, GPC3
may become a target for the treatment of HCC patients
and deserves further research and clinical application.

lular carcinoma: A meta-analysis. World J Gastroenterol 2014;
20(20): 6336-6344 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most frequent cause of malignant tumor-related death worldwide and the second most frequent cause in China; its
incidence rate is continuously increasing[1]. Advances in
surgical and adjuvant techniques have greatly improved
the results of hepatic resection, liver transplantation and
transcatheter arterial chemoembolization (TACE) for
HCC treatment. Nonetheless, long-term overall survival
(OS) rates after clinical treatments remain unsatisfactory
due to the high incidence of recurrence and metastasis[2].
The 5-year survival rate after surgery for HCC has been
reported to be 25%-39%[3]. Therefore, it is essential to
identify biological markers for diagnosing HCC in its
early stage and predicting the prognosis, recurrence and
metastasis of HCC after treatments. This identification
may also be helpful in the selection of personalized therapeutic strategies and may further improve the survival
of HCC patients.
Glypican-3 (GPC3), which encodes cell-surface
heparan sulfate proteoglycans, belongs to the glypican
family and plays an important role in cell proliferation,
differentiation and invasion[4]. A large number of studies
have reported that GPC3 increases in HCC tissue and is
released into the serum during hepatic carcinogenesis[5-8].
Moreover, subsequent studies indicated that GPC3 can
be regarded as a specific diagnostic molecular marker for
HCC and that its diagnostic sensitivity and specificity are
superior to those of alpha fetoprotein (AFP)[9-14]. Further
research suggested that GPC3 may play a role as an oncogene in HCC that can be partially activated by c-Myc[15]
and that can then promote tumor cell proliferation and
stimulate HCC growth by activating the Wnt[16] and the
insulin-like growth factor signaling pathways[17]. Additionally, GPC3 can inhibit apoptosis by inducing dysfunction
in the Bax/Bcl-2/cytochrome c/caspase-3 signaling pathway, thereby regulating cell proliferation and playing an
important role in the tumorigenesis and progression of
HCC[18].
In recent years, aberrant GPC3 expression has been
discovered to be related to tumor progression, metastasis
and other malignant biological behaviors in a variety of
other tumors, such as lung squamous cell carcinoma[19],
gastrointestinal and pancreatic epithelial neoplasms[20] and
malignant melanoma[21]. Nevertheless, conflicting results
have been reported regarding the ability of GPC3 to predict tumor progression, recurrence and metastasis; OS;
and disease-free survival (DFS) in HCC. Therefore, it was
necessary to perform a meta-analysis to comprehensively
and systematically summarize and explore the prognostic
significance of GPC3 in HCC.
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MATERIALS AND METHODS
Literature search and screening criteria for studies
The electronic databases PubMed, EMBASE, the Chinese Biomedical Literature Database (CBM) and the
Cochrane Library were searched for publications assessing the prognostic significance and clinicopathological
characteristics of GPC3 in HCC up to March 2013. The
search terms were as follows: (liver cell carcinoma or
carcinoma, hepatocellular or hepatocellular carcinoma or
HCC or hepatoma) AND (GPC3 or glypican-3).
Studies eligible for inclusion in this meta-analysis had
to meet the following criteria: (1) articles published as
a full-text paper in English; (2) original research articles
that directly explored GPC3 expression in primary HCC
tissues and paired para-tumor tissues by the method of
immunohistochemistry (IHC); (3) studies that demonstrated a relationship between GPC3 expression and
HCC prognosis or clinicopathological parameters; (4)
studies that provided sufficient information to estimate
the hazard ratio (HR) and 95% confidence interval (CI);
and (5) if multiple studies reused the same sample of
patients, the article with more detailed data was included.
Articles were excluded from the analyses based on the
following criteria: (1) non-English-language papers; (2)
case reports, reviews articles or letters; and (3) articles
containing insufficient data for calculating the HR and
95%CI of OS or DFS.
Data extraction
All data were extracted from eligible studies by two independent reviewers (Li J and Gao JZ) to minimize bias.
The following survival and clinicopathological characteristics were documented from the primary articles: the
first author’s name; the name of the journal; the publication year of the article; the sample size; the strategy for
clinical treatment; the test method and cut-off level used;
hepatic cirrhosis; tumor vascular invasion, differentiation and stage; and GPC3 expression-related OS or DFS.
As the cut-off level of GPC3 expression varied among
the selected studies, we defined GPC3 high- and lowexpression groups with reference to the original articles.
For articles in which the survival data were not directly
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published except in Kaplan-Meier curves, the software
Engauge Digitizer version 4.1 (http://sourceforge.net/
projects/digitizer/) was used to read the curves for data
extraction.

Records identified through
detabase searching
(n = 101)

Assessment of study quality
The Newcastle-Ottawa quality assessment scale for cohort studies[22] was developed to assess the quality of
nonrandomized studies, with its design, content and ease
of use directed toward the task of incorporating quality
assessments in the interpretation of meta-analysis results.
This scale was used to assess the quality of the available
studies, which were graded independently by two investigators (Li J and Gao JZ). Each study was judged from
three broad perspectives: (1) the selection of the study
groups; (2) the comparability of the groups; and (3) the
ascertainment of either the exposure or the outcome of
interest in cohort studies[23]. A study could be awarded a
maximum of one star for each numbered item within the
Selection and Outcome categories. A maximum of two
stars was given for Comparability. The total number of
stars was then summed, with more stars representing better methodological quality. The details of the scale can be
found online (URL: http://www.ohri.ca/programs/clinical_ epidemiology/nosgen.pdf).

Records after duplicates
removed (n = 87)

Records fully assessed
(n = 11)

Lacking relevant survival data
(n = 4)
None English literature
(n = 2)

Studies included in
quantitative synthesis
(meta-analysis) (n = 5)

Figure 1 Flow chart of the study selection process.

RESULTS
Literature selection and characteristics
From our initial literature search, we identified 101 studies with titles regarding the association of GPC3 and
HCC; after manually screening the titles and abstracts, 90
articles were excluded (review articles, abstracts, experimental research, duplicate reports and studies irrelevant
to the current research objectives). The remaining 11 relevant studies were selected for full-text review and full assessment, further reducing our meta-analysis to a total of
five eligible studies[26-30] published from 2009-2012 (Figure
1). A total of 493 patients from the five studies were
used to study the relationship between GPC3 expression
and OS/DFS or clinicopathological features. Two studies
were performed in China[26,28]; two, in Japan[27,29]; and one,
in Taiwan[30]. Surgical resection as the preferred treatment
for HCC was reported in four studies[26,27,29,30], and liver
transplantation (LT) was reported in one study[28]. The
sample size in each study varied from 31-194, with the
male population varying from 29-142. All studies had a
follow-up period exceeding 3 years, with four studies with
follow-up exceeding 5 years. All studies used IHC to detect tissue-based GPC3 expression. The methodological
quality of the studies, as assessed by the Newcastle-Ottawa quality assessment scale, varied from 6-7 (with a mean
of 6.4); a higher score indicates better methodological
quality. HRs and their 95%CIs were extracted from each
study or calculated using the methods described above.
The basic characteristics and clinicopathological parameters of the five studies are summarized in Table 1.

Statistical analysis
All statistical analyses were performed using RevMan 5.2
and Stata 10.0 software (http://www.cochrane.org). For
the quantitative evaluation of OS or DFS results, HRs
with their 95%CIs were extracted from each article and
combined to estimate the relationship between GPC3
overexpression and the survival conditions of patients.
When the HR and its variance were not directly provided
in an article, they were calculated from available numerical
data according to the methods reported by Parmar et al[24].
We also extracted and combined data on GPC3 expression and several clinicopathological parameters, including tumor differentiation (well/moderate and poor),
TNM stage (Ⅰ-Ⅱ/Ⅲ-Ⅳ), vascular invasion (present/
absent), hepatic cirrhosis (positive/negative), HBV infection (positive/negative), HCV infection (positive/negative) and tumor size (≥ 5/< 5), associated with HCC in
each article. For these data, the odds ratios (ORs) and
their 95%CIs were calculated and combined to provide
the effective value.
In the process of data pooling, we used the χ 2 test to
estimate the heterogeneity, and the I2 statistic was applied
to measure the extent of inconsistency among the results.
A fixed-effect model could be used when there was no
heterogeneity (P > 0.1); otherwise, a random-effect model was selected. A value for I2 exceeding 50% could be
regarded as an indicator of significant heterogeneity[25].
A significant two-way P value for comparing results from
different articles was defined as P < 0.05. Detection of
publication bias was performed using Egger’s and Begg’s
tests, with significant publication bias defined as P < 0.05.
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Records excluded by
screening the titles and
abstracts (n = 76)

Impact of GPC3 expression on OS in HCC
Among the included studies, three reported data on
GPC3 expression and OS in HCC[26,27,29], involving a total
of 362 HCC patients. All of the three studies had a maximum follow-up period exceeding 5 years. High GPC3 expression was associated with poor OS in the three stud-
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2010

2012

2012

2012

Yorita et al[29]

Ning et al[26]

Yu et al[30]

Wang et al[28]

31 (29/2)

100 (90/10)

61 (55/6)

194 (142/52)

107 (85/22)

Sample size
n (M/F)

49

51

48

NR

NR

LT

S

S

S

S

16/15

23/77

NR

108/86

47/60

Mean age Treatment Tumor vascular
(yr)
invasion
(yes/no)

12/19

NR

45/16

82/112

NR

Tumor stage
(Ⅰ-Ⅱ/Ⅲ-Ⅳ)

6/25

NR

NR

56/138

12/95

Tumor
differentiation
(well/moderateto-poor)

6/9

6/9

6/9

7/9

7/9

Study
quality
(points)

IHC

IHC

IHC

IHC

IHC

GPC3
detection
method

Hazard
ratio

Counting method in
immunohistochemistry

Cut-off level
of “high”
GPC3

Reported Percentage of positive cells
> 10%
in text
≥ 2-point
OS/DFS Reported Positive area score + Sp-Cm
in text
score
OS
Reported Positive area score × staining > ‘‘+” (2-point
in text
intensity score
score)
DFS
Reported
NR
NR
in text
DFS
Estimated Percentage of positive cells
> 10%

OS

Survival
analysis

21

NR

32

96

87

Number
of patients
with “high”
GPC3 (n )

6339

GPC3 correlation with tumor differentiation and stage in HCC
Three studies reported data on GPC3 expression and tumor histological differentiation in HCC, covering 332 patients[27-29]. High GPC3 levels seemed to be correlated with

GPC3 correlation with tumor vascular invasion and hepatic cirrhosis in HCC
Three studies evaluated the correlation of GPC3 expression with tumor vascular invasion in 332 patients[27-29]. High GPC3 expression seemed to be correlated with the presence of tumor vascular invasion in all three studies, but statistical significance was achieved in only two studies. The combined OR for the three studies was 2.74 (95%CI: 1.15-6.52,
Z = 2.27, P = 0.02), with evident heterogeneity (χ 2 = 4.37, I2 = 54%, P = 0.11), indicating that GPC3 expression was associated with tumor vascular invasion in HCC (Figure
2C). The relationship between GPC3 expression and hepatic cirrhosis was reported in three articles, covering 362 patients[26,27,29]. A positive correlation between GPC3 expression and hepatic cirrhosis was observed in all three studies, but only one study reported a significant result. However, by combining the data from the three studies, we found
a significant trend toward a correlation between high GPC3 expression and the presence of hepatic cirrhosis (OR = 2.10, 95%CI: 1.31-3.36, Z = 3.07, P = 0.002; Figure 2D),
with nearly no heterogeneity (χ 2 = 2.06, I2 = 3%, P = 0.36).

Impact of GPC3 expression on DFS in HCC
The data from three studies (325 patients) showed a relationship between GPC3 expression and DFS in HCC[28-30]. Among the three studies, two provided data on GPC3 expression and DFS in HCC initially treated by surgical resection, which is still the standard therapeutic approach[29, 30]. High GPC3 expression was associated with poor DFS in all
three studies, and statistical significance was observed in two studies[29, 30]. Combined data from the three studies indicated that elevated GPC3 levels were significantly correlated
with reduced DFS. The pooled HR was 2.05 (95%CI: 1.43-2.93, = 3.94, P < 0.0001; Figure 2B). A fixed-effect model was used in the meta-analysis, as there was no heterogeneity in the data (χ 2=0.05, I2=0.0%, P = 0.98). Subgroup analysis illustrated that increased GPC3 expression was significantly associated with DFS in HCC patients who underwent surgical resection (HR: 2.04, 95%CI: 1.43-2.93, P = 0.0001), without significant heterogeneity in the data (χ 2 = 0.04, I2 = 0.0%, P = 0.84).

ies, and all associations were statistically significant. Combined data from all three studies showed that increased GPC3 levels were significantly correlated with poorer OS. The
pooled HR was 2.18 (95%CI: 1.47-3.24, Z = 3.86, P = 0.0001; Figure 2A). A fixed-effect model was used in the meta-analysis, as there was no heterogeneity in the data (χ 2=1.47,
I2=0.0%, P = 0.48).

M: Male; F: Female; NR: Not reported; S: Surgical resection; LT: Liver transplantation; IHC: Immunohistochemistry; OS: Overall survival; DFS: Disease-free survival.

2009

Year

Shirakawa et al[27]

Ref.

Table 1 Basic characteristics of the studies in the meta-analysis
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A
Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Su Ning 2011

Log [Hazard ratio]

SE

Weight

1.66013103
0.78845736
0.64448201

0.78366214
0.2940509
0.2977251

Total (95%CI)
2
2
Heterogeneity: χ = 1.47, df = 2 (P = 0.48); I = 0%
Test for overall effect: Z = 3.86 (P = 0.0001)

B

Study or subgroup

Log [Hazard ratio]

Kenji Yorita 2010
Ming-Chin Yu 2012
Yu-Ling Wang 2012

0.69314718
0.77932488
0.82

Present

Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Yu-Ling Wang 2012

Events

0.21332858
0.36358302
1.24

Hazard ratio

Hazard ratio

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

72.8%
25.1%
2.2%

2.00 [1.32, 3.04]
2.18 [1.07, 4.45]
2.27 [0.20, 25.80]

100.0%

2.05 [1.43, 2.93]
0.01
0.1
1
10
100
Low GPC3 expression
High GPC3 expression

Absent
Events

47
108
16

48
29
7

Total

Weight

60
86
15

34.5%
48.4%
17.0%

Total (95%CI)
171
161
100.0%
Total events
121
84
2
2
2
Heterogeneity: Tau = 0.31, χ = 4.37, df = 2 (P = 0.11); I = 54%
Test for overall effect: Z = 2.27 (P = 0.02)

D

Cirrhosis

Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Su Ning 2011

Events

Total

36
61
28

40
110
46

Well

Study or subgroup
Hirofumi Shirakawa 2009
Kenji Yorita 2010
Yu-Ling Wang 2012

Total

6
14
3

12
56
6

Ⅰ+ Ⅱ
Events

Kenji Yorita 2010
Su Ning 2011
Yu-Ling Wang 2012

20
27
7

1.22 [0.45, 3.28]
3.34 [1.85, 6.05]
8.00 [1.33, 48.18]
2.74 [1.15, 6.52]
0.01

45
82
12

1

10
Present

Odds ratio

Odds ratio

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

67
84
15

15.7%
74.7%
9.7%

2.82 [0.87, 9.15]
1.66 [0.94, 2.94]
4.28 [1.18, 15.52]

166

100.0%

51
36
4

0.01

Events

0.1
1
10
Non-cirrhosis Cirrhosis

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Total

Weight

95
138
25

18.7%
74.1%
7.2%

0.17 [0.05, 0.61]
0.22 [0.11, 0.44]
0.39 [0.06, 2.41]

258

100.0%

0.22 [0.13, 0.40]

81
83
18

0.01

0.1

1
Well

Odds ratio

Odds ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

12
70
14

16
112
19

18.2%
73.4%
8.4%

0.27 [0.07, 0.95]
0.29 [0.16, 0.54]
0.50 [0.11, 2.32]

147

100.0%

0.31 [0.18, 0.51]
0.01

100

10
100
Moderately and poorly

Events

Total (95%CI)
139
Total events
54
96
2
2
Heterogeneity: χ = 0.45, df = 2 (P = 0.80); I = 0%
Test for overall effect: Z = 4.55 (P < 0.00001)

100

2.10 [1.31, 3.36]

Ⅲ+ Ⅳ

Total

0.1
Absent

Moderately and poorly

Events

Study or subgroup

Odds ratio
M-H, random, 95%CI

Total

Total (95%CI)
74
Total events
23
182
2
2
Heterogeneity: χ = 0.51, df = 2 (P = 0.77); I = 0%
Test for overall effect: Z = 5.06 (P < 0.00001)

F

Odds ratio
M-H, random, 95%CI

Non-cirrhosis
Events

Total (95%CI)
196
Total events
125
91
2
2
Heterogeneity: χ = 2.06, df = 2 (P = 0.36); I = 3%
Test for overall effect: Z = 3.07 (P = 0.002)

E

2.18 [1.47, 3.24]
0.01
0.1
1
10
100
Low GPC3 expression
High GPC3 expression

SE

Total

39
68
14

Hazard ratio
IV, fixed, 95%CI

5.26 [1.13, 24.44]
2.20 [1.24, 3.91]
1.91 [1.06, 3.41]

100.0%

Total (95%CI)
2
2
Heterogeneity: χ = 0.05, df = 2 (P = 0.98); I = 0%
Test for overall effect: Z = 3.94 (P < 0.0001)

C

6.7%
47.3%
46.1%

Hazard ratio
IV, fixed, 95%CI

0.1
1
10
Ⅰ+ Ⅱ Ⅲ+ Ⅳ

100

Figure 2 Meta analysis. Forest plot of the hazard ratio (HR) for the overall survival (OS) (A) and disease-free survival (DFS) (B) of hepatocellular carcinoma (HCC)
patients. The combined HR and 95%CI demonstrated that an increased level of glypican-3 (GPC3) expression was associated with poorer OS and DFS in HCC patients (according to the fixed-effect estimations); ORs and 95%CIs in three studies evaluating the relationship between GPC3 expression and tumor vascular invasion
(C) or hepatic cirrhosis (D) in HCC. OR > 1 implied that GPC3 overexpression was associated with tumor vascular invasion and hepatic cirrhosis; ORs and 95%CIs
in three studies evaluating the relationship between GPC3 expression and tumor differentiation (E) or tumor TNM stage (F) in HCC; E: OR < 1 indicated that GPC3
overexpression was lower in patients with well-differentiated tumors than in those with moderately or poorly differentiated ones; F: OR < 1 indicated that GPC3 overexpression was lower in patients with stage Ⅰ/Ⅱ tumors than in those with stage Ⅲ/Ⅳ tumors.
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Table 2 Meta-analysis of hepatitis B virus/hepatitis C virus infection and tumor size in hepatocellular carcinoma
Ref.

Clinicopathological feature

Shirakawa et al[27]
Yorita et al[29]
Ning et al[26]
Shirakawa et al[27]
Yorita et al[29]
Yorita et al[29]
Ning et al[26]
Yu et al[30]

HBV (+/-)

HCV (+/-)
Tumor size (≥ 5/< 5)

Total

Events
(GPC3-positive)

OR

95%CI

P value for
OR

P value for
heterogeneity

26/61
38/59
26/6
50/37
36/61
41/56
20/12
10/11

1.47

0.53-4.05

0.46

0.10

0.69

0.42-1.03

0.14

0.54

1.15

0.72-1.86

0.56

0.95

29/78
60/134
53/8
62/45
83/111
78/116
37/24
15/16

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

poorer histological differentiation (moderate and poor) in
all three studies, and statistical significance was reported
in two of these studies. The pooled OR was 0.22 (95%CI:
0.13-0.40, Z = 5.06, P < 0.00001), without heterogeneity
(χ 2 = 0.51, I2 = 0%, P = 0.77), suggesting a correlation
between GPC3 expression and poorer tumor differentiation (Figure 2E). Three studies presented research on
GPC3 expression and tumor TNM stage in 286 HCC patients[26,28,29]. All three studies suggested that high GPC3
expression was associated with high tumor stage (Ⅲ-Ⅳ),
and statistical significance was observed in two articles.
Combining the data from the three studies, the pooled
OR was 0.31 (95%CI: 0.18-0.51, Z = 4.55, P < 0.00001),
without heterogeneity (χ 2 = 0.45, I2 = 0%, P = 0.80),
demonstrating a correlation between high GPC3 expression and advanced tumor TNM stage (Figure 2F).

devoted to a search for the most useful molecular markers of HCC progression, spread and survival, which may
offer guidance for clinical treatment and improve the outcome of HCC patients. GPC3, a member of the glypican
family, is highly expressed in a large proportion of HCCs
and is regarded as a useful serological and histochemical
marker for the diagnosis of HCC[32,33]. Sun et al[34] reported that the suppression of GPC3 in Huh7 and HepG2
cells inhibited proliferation and cell cycle progression,
increased TGF-β2 expression and enhanced apoptosis,
which suggested an oncogenic function for GPC3 in
HCC. Additionally, Ruan et al[35] found that the downregulation of GPC3 expression can significantly decrease the
proliferative and invasive abilities of MHCC97-H human
hepatocellular carcinoma cells. We speculated that GPC3
overexpression may be closely associated with postoperative recurrence/metastasis and the prognosis of HCC
patients. However, studies exploring the relationship between GPC3 expression and survival in HCC have been
infrequent and controversial.
Meta-analysis is a quantitative approach that pools the
results of randomized controlled trials (RCTs) and has
been successfully used for the evaluation of prognostic
biomarkers in patients with malignant tumors[36,37]. In the
present study, we included five studies concerning the
effects of the overexpression of GPC3 on HCC clinicopathological parameters and patients’ OS or DFS. In this
meta-analysis, we pooled the results of eligible studies
and demonstrated that high GPC3 expression was closely
related to poor OS and DFS in HCC patients (P = 0.0001
and P < 0.0001, respectively). Additionally, subgroup
analysis indicated that elevated GPC3 expression could
predict poor DFS in patients who underwent surgical
resection (P = 0.0001). Although the results were positive
and statistically significant, we still do not know the exact
reasons leading to the differences in survival among HCC
patients with different expression levels of GPC3. Further in-depth research is needed. We also demonstrated
that GPC3 overexpression was associated with tumor
vascular invasion, hepatic cirrhosis, poorer tumor differentiation and advanced TNM stage, which were strong
risk factors for the poor prognosis of HCC patients.
Heterogeneity is an important factor in meta-analysis
that must be dealt with strictly. Otherwise, this factor may
affect the accuracy and reliability of meta-analysis results.

GPC3 expression and other clinicopathological
parameters in HCC
The data on other clinicopathological parameters, including HBV infection, HCV infection and tumor size, were
extracted and pooled from the included studies. The results showed that there was no significant association between the expression level of GPC3 and HBV infection,
HCV infection or tumor size. The combined ORs were
1.47 (95%CI: 0.53-4.05, Z = 0.74, P = 0.46), 0.69 (95%CI:
0.42-1.13, Z = 1.48, P = 0.14) and 1.15 (95%CI: 0.72-1.86,
Z = 0.59, P = 0.56), respectively (Table 2).
Publication bias
The main use of publication bias is to evaluate the reliability of meta-analysis results, and especially those with
statistical significance[31]. Egger’s and Begg’s tests were
applied to detect publication bias. The results showed
that there was no evidence of publication bias detected in
the OS studies (the P value for Egger’s test was 0.216) or
DFS studies (the P value for Egger’s test was 0.488), with
no funnel plot asymmetry found in either study (Figure 3).

DISCUSSION
Tumor recurrence and metastasis are the primary causes
of poor prognosis in HCC patients, and cancer cell invasion is the key step in the process of HCC recurrence
and metastasis. For years, many researchers have been
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Figure 3 Begg’s and Egger’s funnel plots used to detect publication bias in overall survival (A and B) and disease-free survival (C and D) studies. No funnel plot asymmetry was detected in any included studies, which suggests that the meta-analysis lacked publication bias.

In the present study, the χ 2 test was used to estimate heterogeneity. Although the majority of the results showed
nearly no heterogeneity in our study, because of the
different clinical treatments, detection methods, lengths
of follow-up and the inconsistency of clinicopathological features, much heterogeneity was still detected while
analyzing the relationship between GPC3 expression and
tumor vascular invasion. In this case, a random-effect
model was selected.
In addition, there are certain limitations in this metaanalysis that should be discussed. First, in this analysis, we
searched for studies using limited databases, so the total
number of eligible studies was relatively small. Second,
we only enrolled suitable English-language literature reports, so there may have been certain bias due to the language criteria. Third, if HRs and their 95%CIs were not
directly obtained from articles, they were calculated using
the available data or Kaplan-Meier survival curves from
each study according to the methods mentioned above
or with statistical software. In this process, unavoidable
errors could have been generated, and the reliability of
the results may have been decreased. Fourth, all patients
in the selected studies were from Asia (China, Japan and
Taiwan), where HCC patients are predominantly HBV
infected. Thus, extending and applying the present results to HCC patients from Western countries (who are
primarily HCV infected) is not valid or reliable. Fifth, all
studies included in this analysis were positive for GPC3
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expression in tissues, but serum GPC3 expression levels
could be more easily detected by a noninvasive method.
Whether serum-based GPC3 expression levels are better
suited to measurement than tissue-based levels remains
to be investigated. Lastly, the follow-up periods in the selected studies were inconsistent.
In conclusion, based on our meta-analysis, GPC3
overexpression in tumor specimens was associated with
poor OS and DFS in HCC patients. We also found that
GPC3 expression was correlated with tumor vascular
invasion, cirrhosis, tumor grade and tumor stage in HCC.
GPC3 expression alone or in combination with other
biomarkers may provide useful information about HCC
progression and prognosis for the guidance of clinical
treatment. Our study also indicated that GPC3 may be
regarded as a potential molecular target for clinical therapy for HCC. An anti-GPC3 monoclonal antibody (GC33)
has shown anticancer activity in vitro and in vivo, and a humanized IgG version is currently in clinical trials studying
safety and tolerability in patients with HCC[38,39]. Further
studies will be needed to develop new drugs targeting
GPC3 to dramatically improve the clinical outcome in
HCC, with optimistic prospects.
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