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Abstract N\
Background: |n recent years, an increasing number of studies has been published analyzing the possible prognostic utility of |
glypican-3 (GPC3) in hepatocellular carcinoma (HCC), but the results are still controversial. The aim of this meta-analysis was to
evaluate possible association between GPC3 expression and patients’ survival.

Methods: Relevant publications which assessed GPC3 expression with survival outcome in HCC patients were searched from
Pubmed, Embase, Web of Science, and the Cochrane library. Survival outcome (odds ratios or hazard ratios) was synthesized with a
fixed or random effects meta-analysis. Publication bias and sensitivity analyses were also conducted. Statistical analysis was
performed by STATA 12.0 and Review Manager software 5.3.

Results: Fifteen studies including 2336 HCC cases were analyzed systematically in our meta-analysis. The main results showed
that GPC3 high expression was significantly associated with later tumor stage, higher tumor grade, presence of vascular invasion,
shortened overall survival, and disease-free survival. Subgroup analyses for GPC3 on HCC overall survival according to the studies
categorized by sample size, follow-up period, and cut-offs were also conducted.

Conclusion: Our findings suggested that GPC3 may play a role in cancer invasion and progression and may be related to poor
prognosis of HCC. Further mechanical research or multicenter cohort studies are needed to confirm these findings.

Abbreviations: DFS = disease-free survival, GPC3 = glypican-3, HCC = hepatocellular carcinoma, HR = hazard ratio, OR = odds

ratio.
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1. Introduction

Based on the GLOBOCAN 2012 estimates, hepatocellular
carcinoma (HCC) has become the most common primary liver
cancer, ranking the 2nd-leading cause of cancer-related deaths
worldwide.!"! Despite the progression in treatments for HCC,
such as liver transplantation, surgical resection, liver directed
therapy, and systemic therapy, the prognosis of HCC is still poor.
The clinical treatment difficulties are mainly due to a lack of full
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understanding of HCC pathogenesis and effective biomarkers
that predict HCC. Therefore, an in-depth exploration into new
genes or molecules that are highly associated with HCC
progression and prognosis is urgently needed for developing
novel therapies and improving the survival outcome of HCC
patients.

Glypican-3 (GPC3) is a type of glycosylphosphatidylinositol-
anchored cell-surface heparin-sulfate proteoglycan'®! that has
been repeatedly reported to be highly and selectively expressed in
HCC patients."®! An increasing number of studies have suggested
that GPC3 plays crucial roles in cell proliferation and tumor
suppression, contributing to the progression and metastasis of
HCC patients.'! It has been shown that GPC3 stimulated the
growth of HCC cells and regulated migration, adhesion in tumor
cells by activating autocrine/paracrine canonical Wnt signal-
ing.>®! Recently, there is a growing interest in the possible
prognostic utility of GPC3 in HCC, but the results of different
studies with regard to disease-free survival (DFS) and/or overall
survival (OS) are still controversial.

Meta-analysis is a quantitative statistical method that combine
the data of different studies with the same theme, so as to give a
more convincing conclusion.!”! Xiao et al'® performed a meta-
analysis previously to explore the association of GPC3 with DFS
and overall survival (OS) in HCC patients. However, this meta-
analysis included only 8 studies for estimating overall survival
outcome. Studies published most recently which discussed the
association between GPC3 and HCC prognosis in different
populations have not been enrolled,”” %! restricting the statistical
power of meta-analyses. Therefore, we performed a meta-
analysis that included the most updated data to gain a better
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insight about the direct relationship between expressions of
GPC3 and patients’ survival statuses. Furthermore, we also tried
to investigate the correlations of GPC3 expressions with patients’
clinical characteristics. To our knowledge, this is the most
comprehensive meta-analysis regarding the association between
GPC3 and HCC prognosis.

2. Materials and methods

2.1. Literature search

Pubmed database, Web of Science, the Cochrane library, and
Embase database (updated to January 31, 2017) were searched
systematically to identify studies concerning the association
between GPC3 and HCC prognosis. The languages were limited
to English. The search syntax was ((“glypican-3”[All Fields] OR
“GPC3”[All Fields]) AND (“hepatocellular carcinoma” [All
Fields] OR “HCC”[All Fields]) AND (“prognosis”[All Fields]
OR “prognostic”[All Fields]) OR “survival”[All Fields])). The
reference list of potential studies was searched manually for
eligibility.

A study was included if it met the following inclusion criteria:
full text publication evaluated the association between the
expressions of GPC3 and overall survival (OS) and/or DFS in
HCC; hazard ratios (HRs) and their 95% confidence intervals
(95% Cls) for OS or DFS could be presented or calculated from
the data; sample size had to be greater than 20; and GPC3
expression should be measured by immunohistochemistry.
Reviews, conference abstracts, or comments with insufficient
information from authors were excluded.

2.2. Data extraction and quality evaluation

All data were extracted independently by 2 reviewers according
to the inclusion criteria. In case of disagreement, a 3rd author
made a final decision for the discrepancy. The following
information was extracted from each study: first author, year of
publication, country, number of patients, numbers of different
clinicopathological parameters, cut-off, follow-up period, and
HR with 95% CL If no HR and 95% CI were provided directly,
it was digitized and extracted from the results of Kaplan—-Meier
curve using GetData Graph Digitizer 2.24 (http://getdata-graph-
digitizer.com). No ethical approval and consent from patients
are required as all analyses were based on previous published
studies.

The Newcastle-Ottawa scale was used for evaluating the
quality of included studies. The concrete content consists of the
following items: patient selection, comparability, and ascertain-
ment of outcome. Each item could be awarded 1 point except for
the item on comparability, which is awarded 2 points. Studies
were evaluated as low quality when scores were 0 to 4; those with
scores of 5 to 9 were considered high quality.'®!

2.3. Statistical analysis

RevMan 5.3 software (Cochrane Collaboration, Oxford, UK)
and STATA 12.0 (StataCorp LP, College Station, TX) were
applied to conduct the meta-analysis. I* statistic was used to
show the heterogeneity between studies. When there was obvious
heterogeneity between studies (I”>50%), the random effect
model was used; otherwise, the fixed effect model should be used.
Odds ratios (ORs) with 95% CI were used to estimate the
associations between GPC3 and clinicopathological parameters
for HCC, including HBV/HCV status, Child-Pugh class, tumor
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size, tumor multifocality, histologic grade, stage, and tumor
vascular invasion. The HR with its variance estimates (95% CI)
was extracted or calculated to evaluate the correlations between
GPC3 and HCC survival outcome. Sensitivity analysis was
performed to assess the stability of the results by deleting 1 study
each time to explore the influence of the individual data on the
pooled HR.M"”! Begg funnel plots and Egger linear regression
method were used to test the publication bias.!'®! All statistical
tests were 2-sided and P <.05 was considered as statistically
significant.

3. Results

3.1. Studies selection process and characteristics

We identified 162 relevant citations with regard to the association
between GPC3 and HCC after the initial literature search. Sixty-
seven articles were excluded after the first screening based on
titles or abstracts, since they were reviews, abstracts, letters to
editor, animal/in vitro studies, and duplications. The remaining
95 studies were selected for further evaluation. After reading the
full-text articles, 80 articles were excluded for not relevant to the
current topic or lacking sufficient survival data. As a result, 15
eligible studies published between 2009 and 2017 met the
inclusion criteria and were included in our meta-analysis. The 15
selected studies, which originated from 4 countries (USA, China,
Japan, and Korea), included 2336 HCC cases. OS was presented
in 12 studies, while DFS was reported in 7 studies. All the studies
detected GPC3 by immunohistochemistry. The scores of study
quality assessed by Newcastle—-Ottawa quality assessment scale
ranged from § to 8. The characteristics of studies enrolled were
shown in Table 1.

3.2. Quantitative data synthesis
3.2.1. GPC3 and clinicopathological features of HCC

patients. Several studies evaluated associations between GPC3
high expression and infection of HBV or HCV, Child-Pugh
grade, tumor size, tumor number, stage, histological grade, and
vascular invasion. Our analyses suggested that GPC3 high
expression was significantly associated with later tumor stage
(OR=1.60, 95% CI: 1.02-2.50, P=.04), higher tumor grade
(OR=2.14, 95% CIL: 1.52-3.02, P<.001), and presence of
vascular invasion (OR=1.90, 95% CI: 1.08-3.35, P=3.35)
(Table 2).

3.2.2. GPC3 and OS in HCC. OS was reported in 12 studies
with a total of 2164 HCC patients. Since heterogeneity is obvious
in the study (I>=65.3%, P=.001), pooled HR was calculated by
the random effect model. As a result, it was demonstrated that a
significant association existed between high GPC3 expression
and lower OS with a pooled HR of 1.38 (95% CI: 1.05-1.80,
P=.02) (Fig. 1).

3.2.3. GPC3 and DFS in HCC. The data for DFS were reported
in 7 studies. A random effect model was used in the meta-analysis,
as there was significant heterogeneity in the data (I>=81.4%,
P<.001). The pooled analyses for DFS were similar to that for
OS, showing that high GPC3 expression was associated with
poor DFS (HR=1.98, 95% CI: 1.08-3.62, P=.027) (Fig. 2).

3.3. Subgroup analysis

Subgroup analyses for the association between GPC3 and OS,
based on sample size, follow-up period, and cut-offs, were
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Characteristics of studies enrolled.

0s DFS
N of  Duration of Detection Antibody Cut-off  Study HR
Author Year Country Patient follow-up Treatment method type value quality Estimate HR 95% ClI HR 95% CI
Shirakawa H, et al 2009  Japan 107 60 Hepatectomy  HC Mouse Monoclonal 10% 8 HR 526  1.13-2439 NA NA
Yorita K, et al 2011 Japan 76 NA Hepatectomy  IHC Monoclonal 20% 7 HR 2.1 0.8-5.4 4.6 2.1-10.1
Su N, et al 2012 China 61 60 Hepatectomy  IHC Mouse Monoclonal 10% 5 HR 1.91 1.06-3.42 NA NA
Yu MC, et al 2012 China 86 NA Hepatectomy  IHC NA Score>3 5 HR NA NA 218 1.07-4.45
Wang YL, et al 2012  China 31 25 LT IHC Monoclonal 10% 5 Curve NA NA 798 0.19-333.37
Fu SJ, et al 2013 China 160 57 Hepatectomy  IHC Mouse Monoclonal 25% 6 HR 229 1.35-389 214 1.39-3.29
Liang J, et al 2013  China 362 95 Hepatectomy  IHC NA 0 8 Curve 084  0.62-1.13 NA NA
Chen IP, et al 2014 Japan 55 120 Hepatectomy  IHC Monoclonal 10% 6 HR NA NA 2.27  1.14-4.51
Cui X, et al 2015  China 104 60 LT IHC Rabbit Monoclonal 10% 6 HR 2691 1.10-6.61 213 1.01-4.47
Haruyama Y, et al 2015  Japan 115 NA Hepatectomy  IHC Mouse Monoclonal 20% 7 HR 1.243 0.57-2.72 NA NA
Pan C, et al 2015  China 300 84 NA IHC Mouse Monoclonal NA 6 HR 1.634 1.0-2.67 NA NA
Kaseb AO, et al 2016 USA 101 250 NA IHC Mouse Monoclonal 10% 8 HR 157  1.01-247 NA NA
Feng J, et al 2016  China 277 90 Hepatectomy  IHC Mouse Monoclonal 10% 5 Curve 094 064-14 NA NA
Jeon Y, et al 2016  Korea 185 137 Hepatectomy  IHC Mouse Monoclonal 5% 6 Curve 055 0.29-1.03 058 0.37-0.89
Xue R, et al 2017  China 316 60 NA IHC Mouse Monoclonal 10% 5 Curve 1.2 0.83-1.73 NA NA
Cl=confidence interval, DFS =disease-free survival, HR=hazard ratio, IHC =immunohistochemistry, N=number, NA=no available, 0S=overall survival.
Table 2
Association between GPC3 high expression and clinicopathological features.
Heterogeneity test

N of studies N of patients Effect model OR (95% CI) P-value P P-value
HBV (+/—) 7 1062 Random 1.56 (0.92, 2.67) 10 46% .09
HCV (+/—) 4 541 Random 1.10 (0.40, 2.99) .85 68% .02
Child-Pugh grade (B or C/A) 4 709 Fixed 1.39 (0.77, 2.49) .28 0% .54
Tumor size (>5cm/<5cm) 6 931 Fixed 1.03 (0.74, 1.43) .87 5% .38
Tumor number (multiple/ single) 9 1413 Random 1.55 (0.91, 2.63) 1 60% .01
Stage (llI-IV/I-1) 9 1419 Random 1.60 (1.02, 2.50) .04 53% .03
Histological grade (G2—-3/G1) 9 1575 Fixed 214 (1,52, 3.02) <.0001 35% 13
Vascular invasion (positive/negative) 8 1358 Random 1.90 (1.08, 3.39) .03 69% .002

Cl=confidence interval, GPC3 = glypican-3, HBV = hepatitis B virus, HCV =hepatitis C virus, N=number, OR=odds ratio.

conducted (Table 3). In the subgroup analysis according to
sample size, the combined HR of the studies with 200 or fewer
cases was 1.66 (95% CI: 1.12-2.46, P=.015). However, the
combined HR was 1.07 (95% CI: 0.82-1.41, P=.109) based on
studies with more than 200 cases. When aggregating the studies
separately according to the follow-up period, the association

Study %
D HR(@5%CI)  Weight
Shirakawa H - 5.26 (113, 24.30) 252
Yorita K ———— 2.10(0.80, 5.40) 510
SuN ———— 1.90 (1.06,3.41) 857
Fusd —_— 229135 389) 924
Liang J — 084 (062, 1.13) 12.21
Cui X —_— 269 (1.10,6.61) 552
Haruyama Y —t— 124(057,272) 647
PanC —— 1.63 (1,00, 267) 9.73
Kaseb AQ — 157 (1.01,2.47) 10.27
Feng J e 094 (064, 1.40) 11.03
Jeon Y 3 055(029,1.03) 799
Xue R st 120(083,1.73) 11.35
Overall (I-squared = 65.3%, p=0001) (o> 1.38(1.05,1.80) 100.00
NOTE: Weights are iom random eflects analysis. '

. .

5

15

Figure 1. The association between GPC3 overexpression and overall survival
of HCC. The summary HR and 95% Cls were shown. Cl=confidence interval,
GPC3=glypican-3, HCC =hepatocellular carcinoma, HR=hazard ratio.

between GPC3 and poor OS was found only for studies of shorter
follow-up period (<60 months) (HR=1.92,95% CI: 1.28-2.87,
P=.002). Furthermore, subgroup analysis was also performed to
evaluate whether the pooled estimate of OS was different according
to the GPC3 cut-off values reported in the included studies.

3.4. Publication bias and sensitivity analyses

Test of publication bias in our meta-analysis was performed using
Begg funnel plot and Egger regression method. In all enrolled
studies, there was no asymmetry observed in funnel plot, with
P=.05 in the Egger test (Fig. 3), indicating no evidence of
significant publication bias. For sensitivity analyses, we omitted 1
study per time to check if individual study affected the final
results. All the results were not materially altered.

4. Discussion

Current studies have indicated that GPC3 expression was closely
related to proliferation, invasion, and progression of HCC.=21!
Nevertheless, the results from different published studies were
inconsistent, so the prognostic value of GPC3 in HCC is still
unclear. Thus, the present meta-analysis was performed to
comprehensively analyze all of the available researches which
compared the survival outcomes of HCC patients according to
expression status of GPC3. To date, as we know, this study is the
most comprehensive meta-analysis exploring the prognostic
value of GPC3 in HCC.
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Study %
ID HR (95% CI) Weight
Yorita K RS 460(210,1010)  14.90
Yu MC —— 218(1.07,445 1559
Wang YL S 7.98(0.19, 333.37) 2,31
Fu s = 214(139,329) 1808
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Cui X - 213(1.01,447) 1520
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Figure 2. The association between GPC3 overexpression and disease-free survival of HCC. The summary HR and 95% Cls were shown. Cl=confidence interval,

GPC3=glypican-3, HCC =hepatocellular carcinoma, HR=hazard ratio.

Subgroup analyses for GPC3 on HCC overall survival.

Heterogeneity test

N of studies Effect model HR (95% CI) P-value P P-value

Overall 12 Random 1.38 (1.05, 1.9) .02 65.3% .001
Sample size

<200 8 Random 1.66 (1.12, 2.46) 011 59.6% .015

>200 4 Random 1.07 (0.82, 1.41) .606 50.4% 109
Duration of follow-up

<60 mo 3 Fixed 1.92 (1.28, 2.87) .002 49.4% .095

>60 mo Random 1.04 (0.74, 1.46) 165 65.3% .001
Cut-off value

5% 1 - 0.55 (0.29, 1.04) .064 - -

10% 8 Random 1.34 (0.98, 1.85) .07 65.1% .009

20% 2 Fixed 1.54 (0.84, 2.81) 165 0% 405

25% 1 - 2.29 (1.35, 3.89) .002 - -

Cl=confidence interval, GPC3 =glypican-3, HCC = hepatocellular carcinoma, HR=hazard ratio, N=number.

Egger’s publication bias plot
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Figure 3. Funnel plots of Egger to detect publication bias on overall estimate.

Compared with the previous meta-analysis by Xiao, we
analyzed 15 studies with a total of 2336 patients, doubling the
cases compared to Xiao’s study. With respect to the correlations
between GPC3 and clinicopathological features, the present
study showed that high expression of GPC3 was significantly
associated with higher tumor grade, later tumor stage, and
presence of vascular invasion, while ORs for infection of HBV/
HCV, Child-Pugh grade, tumor size, or tumor number were not
significant, indicating that GPC3 high expression may be a
marker of invasiveness in HCC. Our results are in line with that
of basic studies, which have reported that overexpression of
GPC3 in HCC could promote the in vivo and in vitro growth of
HCC by stimulating canonical Wnt signaling, FGF activity, and
insulin growth factor signaling pathway.?'2* Whereas, sup-
pression of GPC3 in HCC cells overexpressing GPC3 inhibited
cell proliferation associated with an increase in phosphorylation
of SMAD2/3 and also arrested cell cycle progression at the G1
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phase.?!!" Furthermore, the main results showed promising
prognostic value of GPC3 detected in tumor samples for both OS
and DFS of HCC. Patients with elevated GPC3 expression had
1.38 times higher risk of poor overall survival and 1.98 times
higher risk of poor DFS, compared with those with low GPC3
expression. However, the pooled HR for OS was lower than that
in Xiao’s study. Several reasons may explain this discrepancy.
First of all, our meta-analysis enrolled more studies than Xiao’s,
which may be more powerful statistically and more reliable to
draw conclusions. Second, our meta-analysis included popula-
tions from more regions with diverse backgrounds than previous
meta-analysis, leading to more conclusive results. Therefore,
although elevated GPC3 expression showed positive association
with poorer HCC survival in our study, the exact prognostic
value of GPC3 in clinical applications needed to be discussed.

Significant heterogeneity was detected in this meta-analysis for
OS and DFS, so stratified subgroup analyses for GPC3 on OS were
also performed to increase the homogeneity. When follow-up
period was taken into account, we found that the association was
significant for studies with follow-up period <60 months, while no
significant association was observed for studies with longer follow-
up period (>60 months), indicating that the GPC3 expression
status might be more valuable on predicting short-term outcome of
HCC. Nevertheless, significant association between high GPC3
and poor prognosis was only found in the studies with 200 or fewer
cases, implying that the prognostic significance of GPC3 in HCC
was mainly based on the results of 8 small-sample studies.
Therefore, more large-sample studies are needed to verify the exact
value of GPC3 for predicting HCC overall survival.

There are limitations in our meta-analysis that should be
acknowledged. First of all, an important limitation was publication
bias. In this analysis, although publication bias was absent
statistically, the possibility of publication bias may still exist since
only fully published studies and studies in English were included.
Besides, potential source of bias may be related to the method of
extrapolation of HR. Some survival outcomes calculated from
survival curves may have introduced some imprecision. Second,
there was no consistent standard for cut-off values in our eligible
studies, so subgroup analysis was performed according to the
GPC3 cut-off values. However, due to a lack of sufficient data in
some subgroups, we were unable to determine the optimized cut-
off value for predicting OS. Third, because of the limited number of
included studies, we did not perform subgroup analyses based on
treatments, types of primary antibody, or laboratory infrastruc-
ture. All above factors might result in confounding bias. Therefore,
large sample and multicenter RCTs are still needed.

In conclusion, despite the above limitations, our meta-analysis
found that GPC3 was significantly associated with poor
prognosis of HCC based on currently obtained data. Particularly,
GPC3 may play a role in cancer invasion and progression.
However, our results need to be confirmed by adequately
designed prospective studies which further evaluate the relation-
ship between GPC3 and the prognosis of patients with HCC.
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