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Abstract
Introduction To date, an increasing number of studies have revealed that GP73 may have prognostic value in liver 
cancer. However, most of the studies evaluated serum GP73, and the results regarding the prognostic value of tGP73 
in liver cancer are still controversial. Therefore, in this meta-analysis, we aimed to determine whether tGP73 has any 
prognostic value in patients with HCC.

Materials and methods Relevant publications were searched for in PubMed, EMBASE, OVID, the Cochrane Library, 
and the Web of Science databases up to March 2023. The hazard ratio (HR) or odds ratio (OR) with corresponding 95% 
confidence intervals (95% CIs) of eligible studies were assessed by fixed-effects or random-effects models. In addition, 
subgroup analyses were conducted to investigate the possible causes of heterogeneity, and publication bias analysis 
was also performed to assess the reliability of the meta-analysis results.

Results A total of 10 studies were included. These studies included 1569 HCC patients, and a meta-analysis was 
performed. The results of our meta-analysis showed that higher GP73 expression levels were significantly associated 
with poorer OS (HR = 1.87, 95% CI: 1.41–2.48, P < 0.0001, I2 = 58%). However, there was no significant correlation 
between high GP73 expression and disease-free survival (DFS) (HR: 1.43, 95% CI: 0.93–2.33, P = 0.100). In addition, 
abnormal GP73 expression was also related to higher tumour tissue differentiation grade (OR = 3.03, 95% CI = 2.01–
4.57, P < 0.0001, I2 = 89%), later tumour stage (OR = 5.89, 95% CI = 2.31–14.99, P < 0.0001, I2 = 0%), vascular invasion 
(OR = 1.72, 95% CI = 1.12–2.64, P = 0.010, I2 = 0%), multiple tumours (OR = 2.44, 95% CI = 1.37–3.68, P = 0.001, I2 = 44%) 
and early postoperative tumour recurrence (OR = 1.92, 95% CI = 1.10–3.28, P = 0.020, I2 = 62%).

Conclusions The meta-analysis showed that the overexpression of GP73 may be related to a poor prognosis of HCC, 
and it may also have a predictive effect on the invasion and metastasis of HCC.
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Introduction
Hepatocellular carcinoma (HCC) is the fifth most com-
mon malignant tumour worldwide and the third leading 
cause of cancer-related death [1, 2]. Hepatectomy, liver 
transplantation and local ablation are radical treatments 
for patients with early liver cancer, while transcatheter 
arterial chemoembolization (tace), targeted therapy and 
immunotherapy are the most commonly used treatments 
for patients with advanced liver cancer who are not suit-
able for radical treatment [3–6]. Although remarkable 
progress has been made in early detection, diagnosis 
and treatment, the curative rate of HCC is still not sat-
isfactory due to the high rate of recurrence or metastasis 
within 5 years after treatment [7].

Some prognostic indicators that have a negative impact 
on prognosis after treatment have been identified and 
include solid tumour size, tumour number, tumour dif-
ferentiation, liver cirrhosis, vascular lymphatic infiltra-
tion, serum alpha-fetoprotein (AFP) levels and positron 
emission tomography (PET)/computed tomography (CT) 
results. Further prognostic indicators are sought to strat-
ify patients with HCC more accurately and to determine 
the best treatment procedures, such as surgical resection 
or TACE treatment, as well as adjuvant therapy.

An increasing number of studies have shown that tis-
sue GP73 (tGP73) is a new biomarker for hepatocellular 
carcinoma [8–12]. First, Chen et al. [13] reported that 
the high expression of tGP73 in hepatocellular carcinoma 
was significantly related to poor overall survival and 
disease-free survival. However, according to the study 
of Shan et al., the overall survival rate and disease-free 
survival rate of the high tGP73 group were significantly 
better than those of the low tGP73 group [14]. Addition-
ally, according to Zhang et al., there is no statistical cor-
relation between high tGP73 expression and disease-free 
survival (DFS) [15]. According to the above research 
results, the prognostic significance of tGP73 in surgically 
resected hepatocellular carcinoma is still controversial. 
Therefore, it is necessary to conduct a meta-analysis to 
comprehensively and systematically understand the value 
of tGP73 in the prognosis of patients after liver cancer 
surgery. In this study, we aimed to evaluate the prog-
nostic significance of tGP73 in hepatocellular carcinoma 
(HCC).

Materials and methods
Search strategy
We performed a comprehensive literature search of arti-
cles through the following databases without date limi-
tations: PubMed, Embase, OVID, The Cochrane Library 
and Web of Science databases. The search was conducted 
up to March 31, 2023. The main search terms included: 
(“Golgi protein 73”[Title/Abstract] OR “GP73” [Title/
Abstract]) AND (“Hepatocellular Carcinoma*”[Title/

Abstract] OR “Neoplasm*, Hepatic”[Title/Abstract]
OR “Liver neoplasm*”[Title/Abstract] OR “Liver 
cancer*”[Title/Abstract] OR “Neoplasm*, Liver”[Title/
Abstract] OR “Hepatic Neoplasm*”[Title/Abstract] 
OR “Cancer of Liver”[Title/Abstract] OR “Cancer*, 
Hepatocellular”[Title/Abstract] OR “Cancer of the 
Liver”[Title/Abstract] OR “Hepatic Cancer*”[Title/
Abstract] OR “Cancer*, Hepatic”[Title/Abstract] OR 
“Carcinoma*, Hepatocellular”[Title/Abstract] OR “Liver 
Cell Carcinoma*”[Title/Abstract] OR “Carcinoma*, Liver 
Cell”[Title/Abstract] OR “Cell Carcinoma*, Liver”[Title/
Abstract] OR “Hepatoma*”[Title/Abstract]). The refer-
ence list was also checked for relevant articles. This study 
is reported according to the Preferred Reporting Items 
for Systematic Reviewers and Meta-Analyses (PRISMA) 
guidelines [16].

Inclusion and exclusion criteria
The inclusion criteria for selecting the studies for this 
meta-analysis were as follows: (1) HCC was confirmed 
by pathological examination; (2) the expression of GP73 
in liver tissue samples of each patient was detected by 
immunohistochemistry analysis; (3) patients underwent 
primary curative surgical resection; and (4) the cor-
relation of tissue GP73 with overall survival (OS) and/
or disease-free survival (DFS) was reported. The exclu-
sion criteria were as follows: (1) abstracts, letters, case 
reports, reviews or nonclinical studies; (2) patients who 
underwent neoadjuvant radiotherapy and chemotherapy 
before surgery; (3) sample size less than 10; and (4) stud-
ies with insufficient data for estimating hazard ratios 
(HRs) and 95% confidence intervals (CIs).

Data extraction and quality assessment
The following data were extracted by two independent 
investigators (Weiming Yu and Minggeng Lou): first 
author, publication year, study region, sample size, age, 
sex, treatment method, cut-off value, follow-up period, 
clinicopathological features for HCC (HBV infection, 
serum AFP level, tumour differentiation, tumour stage, 
tumour size, tumour number, vascular invasion and 
recurrence status), and HR or OR with 95% CIs. Articles 
that could not be categorized based on title and abstract 
alone were retrieved for full-text review. If disagree-
ment occurred, two investigators discussed and reached 
a consensus with a third investigator (Guowei Li). The 
Newcastle‒Ottawa Scale (NOS) was used to assess the 
quality of each of the included studies by two indepen-
dent authors (Zhengyu Wu and Weiming Yu). The NOS 
consists of three parts: selection (0–4 points), compara-
bility (0–2 points), and outcome assessment (0–3 points). 
NOS scores ≥ 6 were regarded as high-quality studies.
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Statistical analysis
All statistical analyses were conducted using Review 
Manager 5.3 (available from http://www.cochrane.
org/). We directly obtained HR and 95% CI values from 
each study or estimated these data through survival 
curves. HR > 1 indicated that overexpression of GP73 
in liver tissue is associated with worse overall survival 
(OS) and disease-free survival (DFS). Cochran’s Q test 
and Higgins I-squared statistic were used to assess the 
heterogeneity of the included trials. Both fixed-effects 
(Mantel‒Haenszel method) and random-effects (DerSi-
monian‒Laird method) models were used to calculate the 
pooled HRs or ORs and their 95% CIs. A P heterogene-
ity < 0.10 or I2 > 50% suggested significant heterogeneity 
in the literature, and a random-effects model was used. 
Otherwise, the fixed-effects model was adopted. Sub-
group analysis was conducted to explore and explain the 
diversity (heterogeneity) among the results of different 
studies. Publication bias was assessed by Begg’s funnel 
plot. A p value of less than 0.05 was considered statisti-
cally significant.

Results
Study characteristics
A total of 927 articles were collected in the initial search. 
After careful inspection of these articles, 10 studies 
including 1569 patients published between 2013 and 2018 
were finally enrolled in our meta-analysis. The detailed 
processes of study selection are shown in the flow dia-
gram (Fig. 1). All of the studies that were obtained were 
from China. HRs and 95% CIs were extracted directly in 
2 studies, and HRs were assessed by multivariate analy-
sis. Both HRs and 95% CIs were estimated independently 
by survival curves from the remaining eight studies. The 
expression of GP73 in liver cancer tissues of all patients 
was determined using immunohistochemistry. All 
patients received radical surgery. In our meta-analysis, 9 
studies demonstrated an association between tGP73 and 
OS, and 5 studies demonstrated an association between 
tGP73 and DFS. The characteristics of the enrolled stud-
ies are shown in Table 1.

tGP73 and OS in HCC
Nine studies evaluated the association between tGP73 
and the overall survival of HCC. Due to the signifi-
cant heterogeneity in the study (I2 = 58%, P = 0.008), we 

Fig. 1 The flow diagram
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adopted a random effects model for analysis. The results 
clearly showed that HCC patients with tGP73 overex-
pression had a shorter OS, with a combined HR of 1.87 
(95% CI: 1.41–2.48, P < 0.0001; Fig. 2).

tGP73 and DFS in HCC
Five articles reported the association between tGP73 
expression and DFS in HCC. Meta-analysis of these five 
studies showed no significant association between ele-
vated tGP73 levels and DFS (HR: 1.43, 95% CI: 0.93–2.33, 
P = 0.100; Fig. 3). Since heterogeneity was evident in the 
study (I2 = 62%, p = 0.02), the random-effects model was 
applied to calculate the pooled HR.

Relationship between tGP73 and clinicopathological 
characteristics of HCC
tGP73 and HBV Five studies reported HBV infection 
(positive or negative), and the pooled results suggested 
that the overexpression of tGP73 had no correlation with 
HBV infection in HCC patients (OR = 1.31, 95% CI = 0.55–
3.14, P = 0.540) (Table 2).

tGP73 and serum AFP levels Serum AFP (> 400 or ≤ 400) 
was reported in 6 studies, and the pooled result showed 
no significant association between elevated tGP73 lev-
els and serum AFP levels (OR = 0.88, 95% CI = 0.60–1.28, 
P = 0.510) (Table 2).

tGP73 and histological grade Three studies reported 
histological grade (Edmondson grade III-IV or I-II), and 
the pooled results indicated that the overexpression of 
tGP73 was related to poor histological differentiation in 
HCC patients (OR = 3.03, 95% CI = 2.01–4.57, P < 0.0001) 
(Table 2).

tGP73 and vascular invasion Vascular invasion (posi-
tive or negative) was reported in 4 studies, and the pooled 
results indicated that the group with overexpression 
of tGP73 had a higher incidence of vascular invasion 
(OR = 1.72, 95% CI = 1.12–2.64, P = 0.010) (Table 2).

tGP73 and tumour stage Two studies presented data 
about tGP73 and tumour stage (TNM III-IV or I-II) 
in HCC patients. Our results indicated that the group 
with overexpression of tGP73 had a higher incidence of 
stage III and IV disease (OR = 5.89, 95% CI = 2.31–14.99, 
P < 0.0001) (Table 2).

tGP73 and liver cirrhosis Three studies reported the 
association between tGP73 and the incidence of cirrho-
sis, and the pooled results indicated that tGP73 had no 
significant association with the incidence of liver cirrhosis 
(OR = 1.03, 95% CI = 0.68–1.55, P = 0.900) (Table 2).
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tGP73 and tumour number Four studies reported 
tumour number (multiple or single), and the combined 
results suggested that the incidence of multiple tumours 
was higher in HCC patients with overexpression of tGP73 
(OR = 2.44, 95% CI = 1.37–3.68, P = 0.001) (Table 2).

tGP73 and tumour size Tumour size (≥ 3  cm/< 3  cm) 
was reported in 3 studies, and the pooled results indicated 
that the tGP73 level had no correlation with tumour size 
(OR = 0.92, 95% CI = 0.55–1.53, P = 0.750) (Table 2).

tGP73 and tumour recurrence Tumour recurrence was 
reported in three studies, and the pooled results suggested 
that the tGP73 overexpression group had a higher recur-
rence incidence (OR = 1.92, 95% CI = 1.10–3.38, P = 0.020) 
(Table 2).

Subgroup analysis
We also conducted a subgroup analysis based on the HR 
extraction method, sample size and follow-up period 
to investigate the correlation between GP73 expres-
sion and OS (Table  3). In the survival curve subgroup 

Table 2 Association between high tGP73 expression and clinicopathological features
Parameter N of

studies
N of
patients

Effect
model

OR (95% CI) P value Heterogeneity test
I2 (%) P value

HBV (+/-) 5 451 Random 1.31(0.55,3.14) 0.540 58 0.050

AFP value (>400/≤400) 6 648 Random 0.88(0.60,1.28) 0.510 64 0.020

Edmondson grade (III-IV/I-II) 3 448 Random 3.03(2.01,4.57) 0.000 89 0.000

Vascular invasion (+/-) 4 491 Fixed 1.72(1.12,2.64) 0.010 0 0.400

TNM Stage (III–IV/I–II) 2 163 Fixed 5.89(2.31,14.99) 0.000 0 0.770

Liver cirrhosis 3 453 Fixed 1.03(0.68, 1.55) 0.900 6 0.350

Tumour number (multiple/single) 4 399 Fixed 2.44(1.37, 3.68) 0.001 44 0.150

Tumour size (≥ 3 cm/< 3 cm) 3 311 Fixed 0.92(0.55, 1.53) 0.750 0 0.690

Recurrence status 3 311 Random 1.92(1.10, 3.38) 0.020 62 0.070
CI – confidence interval, tGP73 – tissue Golgi protein 73, HBV – hepatitis B virus, N – number, OR – odds ratio

Fig. 3 Association between tGP73 and disease-free survival of HCC

 

Fig. 2 Association between tGP73 and overall survival of HCC
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analysis results of the study based on the HR extraction 
method, the combined HR was 1.93 (95% CI: 1.63–2.27, 
p < 0.0001). However, in the pooled data of the directly 
reported study, there was no significant correlation 
between high GP73 expression and OS (HR = 1.35, 95% 
CI: 0.95–1.92, p = 0.090). Additionally, in the subgroup 
analysis results of the study based on the sample size, the 
HR obtained from more than 100 studies was 2.09 (95% 
CI: 1.73–2.53, p < 0.0001). However, in studies with fewer 
than 100 cases, the combined HR was 2.16 (95% CI: 1.82–
2.56, p = 0.020). Similarly, when these studies were anal-
ysed based on the follow-up period, the results showed 
that the prognosis of studies with a longer follow-up 
period (≥ 80 months) was significantly worse (HR = 1.72, 
95% CI: 1.38–2.14, p < 0.0001). The same results were also 
observed in studies with a short follow-up period (< 80 
months) (HR = 2.23, 95% CI: 1.74–2.88, p < 0.0001).

Publication Bias
The function of publication bias analysis is to assess the 
reliability of the meta-analysis results, especially those 
with statistical significance [20]. Based on the OS data, 
publication bias was evaluated by Begg’s funnel plot. The 
shape of the funnel plot was visually roughly symmetrical 
(Fig.  4), and no significant evidence of publication bias 
was obtained.

Discussion
GP73, a new type of 73  kDa human Golgi protein, was 
discovered by Kladney et al. [21] in 2000 through sub-
tractive hybridization of liver cDNA libraries of patients 
with acute adult giant cell hepatitis and normal subjects. 
In normal human liver tissue, GP73 is mainly expressed 
in bile duct epithelial cells, with little or no expression in 
liver cells. The significant increase in GP73 expression 
may be the result of hepatocellular viral infections (HBV 
and HCV) or nonviral causes (alcoholic liver disease, 
autoimmune hepatitis, cirrhosis, and liver malignancies) 
[21–23], suggesting that GP73 expression may respond 

to different pathogenic mechanisms, such as acute and 
chronic hepatitis, cirrhosis, and HCC. Shan et al. [14] 
found that GP73 expression levels were higher in hepa-
tocellular adenomas and focal nodular hyperplasia than 
in corresponding peritumoral liver tissues, and GP73 
expression levels were also higher in the HCC group than 
in corresponding nontumor tissues, benign liver tumours 
and normal liver tissues. These findings indicate that 
during the progression of benign liver disease to precan-
cerous lesions and HCC, the expression levels of GP73 
increased. GP73 increased gradually with as the severity 
of liver injury increased. Serum GP73 levels were signif-
icantly higher in HCC patients than in healthy, chronic 
hepatitis, and cirrhosis control individuals [17, 22]. This 
difference may be due to the different degrees of differen-
tiation of HCC cells with different protein synthesis and 
secretion capabilities or may be caused by the different 
regulatory mechanisms of GP73 in benign and malignant 
liver diseases.

Previous studies have shown that serum GP73 has 
important value in the early diagnosis and prognosis of 
liver cancer [24–29]. However, there are few studies on 
the relationship between the expression of GP73 in tissue 
and the prognosis of hepatocellular carcinoma (HCC), 
and no consensus has been reached thus far. Therefore, 
the purpose of this meta-analysis was to evaluate the 
prognostic effect of tissue Golgi protein 73 (tGP73) on 
hepatocellular carcinoma and to clarify the relationship 
between tGP73 and the clinicopathological features of 
the tumour.

In fact, the prognostic significance of tGP73 for over-
all survival and disease-free survival in patients under-
going hepatectomy is still controversial. Yang et al. [11] 
reported that the overexpression of tGP73 is a key risk 
factor for overall survival and disease-free survival in 
patients undergoing hepatectomy. However, Shan et 
al. [14] reported that the overall survival and disease-
free survival of the high tGP73 group were signifi-
cantly better than those of the low tGP73 group. In our 

Table 3 Results of subgroup analysis for the effect of tGP73 on HCC overall survival
Parameter N of studies Effect model Amalgamative HR(95% CI) P value Heterogeneity test

I2 (%) P value
Overall 11 Random 1.87(1.41–2.48) 0.000 58 0.008

HR extraction method

 report 2 Random 1.35 (0.95, 1.92) 0.090 90 0.002

 survival curve 9 Fixed 1.93 (1.63, 2.27) 0.000 14 0.320

Sample size

 ≥ 100 5 Fixed 2.09 (1.73, 2.53) 0.000 48 0.100

 <100 6 Random 2.16 (1.82, 2.56) 0.020 62 0.020

Duration of follow-up(months)

 ≥ 80 4 Fixed 1.72(1.38, 2.14) 0.000 0 0.990

 <80 7 Random 2.23 (1.74, 2.88) 0.000 72 0.001
CI – confidence interval, tGP73 – tissue Golgi protein 73, HCC – hepatocellular carcinoma, HR – hazard ratio, N – number
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meta-analysis, we included a number of studies that first 
established tGP73 as an important prognostic factor for 
HCC through univariate Cox regression analysis of all 
variables. Kaplan‒Meier survival analysis of tGP73 fur-
ther confirmed that the survival curves corresponding to 
different tGP73 levels were different, suggesting the reli-
ability of tGP73 as a prognostic factor. Moreover, mul-
tivariate Cox regression analysis further demonstrated 
that tGP73 expression was an independent prognos-
tic marker for the survival of HCC patients undergoing 
hepatectomy. Our meta-analysis included the prognosis 
of 1569 patients with hepatocellular carcinoma from 10 
individual studies. Nine studies have shown a correlation 
between the expression of tGP73 and OS in hepatocellu-
lar carcinoma. The combined HR of 1.87 (95% CI: 1.41–
2.48, P < 0.0001; Fig.  2) showed that the overall survival 
time of HCC patients with overexpression of tGP73 was 
shorter after surgery. Five studies provided data related to 
the expression of tGP73 and DFS, and the combined HR 
was 1.43 (95% CI: 0.93–2.33, P = 0.100; Fig. 3), indicating 
that there was no significant correlation between tGP73 
and disease-free survival in HCC patients undergoing 
hepatectomy.

The role of GP73 in the development of HCC and its 
involvement in tumorigenesis remain unclear. There is 

abundant evidence that GP73 overexpression is closely 
related to the aggressiveness and metastasis of tumours. 
Sun et al. [30] reported that GP73 levels are closely 
related to tumour size, venous infiltration and tumour 
differentiation, suggesting that GP73 can enhance 
tumour invasion and metastasis. Bao et al. [8] found that 
GP73 expression was positively correlated with epithelial-
mesenchymal transformation (EMT), and high levels of 
GP73 were correlated with Edmondson grading, vascular 
invasion and TNM staging. These findings indicate that 
GP73 is involved in regulating EMT to promote the inva-
sion of HCC. Chen et al. [31] showed that upregulation 
of GP73 can promote the proliferation and migration of 
mouse HCC cell lines and the development of tumours. 
Ye et al. [18] reported that GP73 drives HCC metastasis 
by regulating EGFR/RTK cell surface recycling. Accord-
ing to the report of Jiang et al. [10], GP73 may play an 
important role in liver cancer metastasis by inducing 
EMT. Additionally, the expression level of GP73 in HCC 
tissues is higher than that in paired noncancer tissues, 
and the expression level of GP73 in HCC tissues with 
metastasis is higher than that in the primary tumour. 
The survival rate of patients with high GP73 expression 
is significantly lower than that of patients with low GP73 
expression, which is consistent with the research results 

Fig. 4 Funnel plot for assessing publication bias in OS
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of Chen et al. [13]. This suggests that the high expres-
sion levels of GP73 in tumour tissues are associated with 
metastasis and a low survival rate. The research data of 
Dai et al. [9] showed that GP73, as an oncoprotein, is 
involved in the occurrence and development of liver can-
cer, and it can play a key role in controlling liver cancer 
invasion and angiogenesis by inducing activation of the 
NF-κB signalling pathway. In summary, GP73 may be a 
potential biomarker for HCC prognosis.

From our results, the overexpression of tGP73 can sig-
nificantly predict the overall survival of patients undergo-
ing hepatectomy. Additionally, patients with high tGP73 
expression tended to have shorter disease-free survival, 
but the difference was not statistically significant, which 
may be due to the small number of included studies. 
However, studies by Mao and Ye have also confirmed that 
high expression of tGP73 has a negative effect on over-
all survival and disease-free survival in patients under-
going hepatectomy [12, 18]. Taken together, these data 
collectively suggest that high expression of tGP73 is an 
independent risk factor for OS and DFS in HCC patients 
undergoing hepatectomy.

Additionally, we also analysed the correlation between 
the expression of tGP73 and tumour clinicopathologi-
cal characteristics (including HBV infection, serum AFP 
level, degree of tissue differentiation, vascular invasion, 
tumour TNM stage, liver cirrhosis, tumour number, 
tumour size, and tumour recurrence), which are highly 
correlated with the aggressiveness and metastasis of 
HCC [32, 33]. The results showed that the overexpression 
of tGP73 was significantly correlated with higher tumour 
tissue differentiation grade, later tumour stage, vascular 
invasion, multiple tumours, and early tumour recurrence 
after surgery, which are consistent with the findings of 
Mao et al. [12] and Bao et al. [8].

When significant heterogeneity was found in the study 
of the correlation between GP73 expression and OS, we 
further carried out subgroup analysis. First, we carried 
out stratified analysis according to the HR extraction 
method (including estimation or direct extraction by sur-
vival curve) and subgroup analysis according to sample 
size (≥ 100 or < 100) and follow-up time (≥ 80 months 
or < 80 months). The results suggest that the HR extrac-
tion method, sample size and follow-up time may be the 
source of high heterogeneity.

Our meta-analysis has some limitations. First, the 
included studies are retrospective, which leads to some 
biases that were inevitable. Second, all the studies in our 
meta-analysis were from China, and all patients were 
treated with surgery. Thus, whether our conclusions are 
applicable to people of other races or receiving other 
treatments remains to be studied further. Third, although 
the HR extraction method, sample size and follow-
up time have been indicated to be the three sources of 

heterogeneity, other factors such as baseline character-
istics of the study population and changes in the critical 
value of tGP73 may also lead to a high degree of hetero-
geneity in the current study.

Despite the above limitations, our meta-analysis shows 
that the overexpression of tGP73 is closely related to the 
poor prognosis of HCC patients undergoing surgery. In 
addition, our results indicate that the overexpression of 
tGP73 is closely related to the clinicopathological fea-
tures that represent the invasiveness and metastasis of 
HCC, including higher grade of tumour differentiation, 
later tumour stage, vascular invasion, multiple tumours 
and early postoperative recurrence. There is a difference 
between serum GP73 and tissue GP73. Since most HCC 
patients suffer from LC, sGP73 is secreted from tumour 
tissues and cirrhotic tissues, and the overall level of 
sGP73 is not enough to accurately express the true level 
of GP73 in tumour tissues. Therefore, tissue results are 
superior to serum results in demonstrating the progno-
sis of HCC [14]. However, liver biopsy is more invasive 
for patients, and the detection of serum GP73 is more 
convenient, which may hinder the use of tGP73 in clini-
cal practice. Additionally, liver fibrosis and viral infection 
can also upregulate tGP73 in liver tissue. Therefore, the 
efficacy of tGP73 in predicting the prognosis of HCC 
remains to be discussed. Nevertheless, our study dem-
onstrates that tGP73 expression remains a promising 
prognostic marker that can contribute to the clinical 
decision-making process for the treatment and progno-
sis of hepatocellular carcinoma. In the future, a larger 
sample of prospective studies is needed to further evalu-
ate the relationship between tGP73 and the prognosis of 
hepatocellular carcinoma.

Authors’ contributions
Wei-Ming Yu contributed to the design of the study and manuscript writing.
Wei-Ming Yu, Ming-Geng Lou contributed to the data extraction and analysis 
process of the study. Ming-Geng Lou, Zheng-Yu Wu carried out statistical 
analysis and prepared all figures and tables. Guo-Wei Li contributed to revision 
of the manuscript. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
The datasets used during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
No ethical approval or informed consent statement was required for this 
review article.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Page 9 of 9Yu et al. BMC Gastroenterology          (2023) 23:401 

Received: 13 April 2023 / Accepted: 9 November 2023

References
1. Nabih HK. The significance of HCV viral load in the incidence of HCC: a cor-

relation between Mir-122 and CCL2. J Gastrointest cancer. 2020;51(2):412–7.
2. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A global 

view of hepatocellular carcinoma: trends, risk, prevention and management. 
Nat Reviews Gastroenterol Hepatol. 2019;16(10):589–604.

3. Cadier B, Bulsei J, Nahon P, Seror O, Laurent A, Rosa I, Layese R, Costentin C, 
Cagnot C, Durand-Zaleski I, et al. Early detection and curative treatment of 
hepatocellular carcinoma: a cost-effectiveness analysis in France and in the 
United States. Hepatology. 2017;65(4):1237–48.

4. Memon K, Kulik L, Lewandowski RJ, Wang E, Riaz A, Ryu RK, Sato KT, Marshall 
K, Gupta R, Nikolaidis P, et al. Radiographic response to locoregional therapy 
in hepatocellular carcinoma predicts patient survival times. Gastroenterology. 
2011;141(2):526–35. 535.e521-522.

5. Llovet JM, Montal R, Sia D, Finn RS. Molecular therapies and preci-
sion medicine for hepatocellular carcinoma. Nat Reviews Clin Oncol. 
2018;15(10):599–616.

6. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, Kim TY, Choo SP, 
Trojan J, Welling THR, et al. Nivolumab in patients with advanced hepatocel-
lular carcinoma (CheckMate 040): an open-label, non-comparative, phase 1/2 
dose escalation and expansion trial. Lancet. 2017;389(10088):2492–502.

7. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology. 
2005;42(5):1208–36.

8. Bao YX, Cao Q, Yang Y, Mao R, Xiao L, Zhang H, Zhao HR, Wen H. Expression 
and prognostic significance of golgiglycoprotein73 (GP73) with epithelial-
mesenchymal transition (EMT) related molecules in hepatocellular carcinoma 
(HCC). Diagn Pathol. 2013;8:197.

9. Dai T, Zhang D, Cai M, Wang C, Wu Z, Ying Z, Wu J, Li M, Xie D, Li J, et al. Golgi 
phosphoprotein 3 (GOLPH3) promotes hepatocellular carcinoma cell aggres-
siveness by activating the NF-κB pathway. J Pathol. 2015;235(3):490–501.

10. Jiang K, Li W, Shang S, Sun L, Guo K, Zhang S, Liu Y. Aberrant expression of 
Golgi protein 73 is indicative of a poor outcome in hepatocellular carcinoma. 
Oncol Rep. 2016;35(4):2141–50.

11. Yang H, Xu H, Wang Y, Zhang J, Sang X, Mao Y. Clinicopathologic correla-
tions of Golgi protein 73 and signal transducer and activator of transcription 
3 expression in hepatocellular carcinoma. Translational Cancer Research. 
2017;6(1):238–46.

12. Mao Y, Yang H, Sun L, Mao Y, Qin X. Upregulated GP73 expression and down-
regulated NLRP3 expression in Liver cancer tissues correlate with patient’s 
survival. Translational Cancer Research. 2018;7(2):441–9.

13. Chen MH, Jan YH, Chang PM, Chuang YJ, Yeh YC, Lei HJ, Hsiao M, Huang 
SF, Huang CY, Chau GY. Expression of GOLM1 correlates with prognosis in 
human hepatocellular carcinoma. Ann Surg Oncol. 2013;20(Suppl 3):616–24.

14. Shan SG, Gao YT, Xu YJ, Huang Y, Zhang Q, Zhai DK, Li JB, Wang FM, Jing X, Du 
Z, et al. Gradually increased Golgi protein 73 expression in the progression of 
benign Liver Diseases to precancerous lesions and hepatocellular carcinoma 
correlates with prognosis of patients. Hepatol Research: Official J Japan Soc 
Hepatol. 2013;43(11):1199–210.

15. Zhang J, Zhang M, Ma H, Song X, He L, Ye X, Li X. A meta-analysis of the prog-
nostic significance of Golgi protein 73 in hepatocellular carcinoma in Chinese 
patients. Archives of Medical Science: AMS. 2020;16(5):1104–10.

16. Moher D, Liberati A, Tetzlaff J, Altman DG, Grp P. Preferred reporting items for 
systematic reviews and Meta-analyses: the PRISMA Statement. Revista Esp De 
Nutricion Humana Y Dietetica. 2014;18(3):172–81.

17. Sai W, Wang L, Zheng W, Yang J, Pan L, Cai Y, Qiu L, Zhang H, Wu W, Yao D. 
Abnormal expression of Golgi Protein 73 in clinical values and their role in 

HBV-Related Hepatocellular Carcinoma diagnosis and prognosis. Hepat Mon. 
2015;15(12):e32918.

18. Ye QH, Zhu WW, Zhang JB, Qin Y, Lu M, Lin GL, Guo L, Zhang B, Lin ZH, 
Roessler S, et al. GOLM1 modulates EGFR/RTK cell-surface recycling to Drive 
Hepatocellular Carcinoma Metastasis. Cancer Cell. 2016;30(3):444–58.

19. Li Q, Ma Y, Xu W. High GOLPH3 expression is associated with poor prognosis 
and invasion of hepatocellular carcinoma. Mol Med Rep. 2015;11(6):4315–20.

20. He EY, Wang N, Fan Y. Percutaneous transluminal angioplasty (PTA) alone 
versus PTA with balloon-expandable stent placement for short-segment 
femoropopliteal artery Disease: a metaanalysis of randomized trials. J Vascular 
Interventional Radiology: JVIR. 2008;19(4):499–503.

21. Kladney RD, Bulla GA, Guo L, Mason AL, Tollefson AE, Simon DJ, Koutoubi Z, 
Fimmel CJ. GP73, a novel golgi-localized protein upregulated by viral Infec-
tion. Gene. 2000;249(1–2):53–65.

22. Kladney RD, Cui X, Bulla GA, Brunt EM, Fimmel CJ. Expression of GP73, a resi-
dent Golgi membrane protein, in viral and nonviral Liver Disease. Hepatology. 
2002;35(6):1431–40.

23. Marrero JA, Romano PR, Nikolaeva O, Steel L, Mehta A, Fimmel CJ, Comu-
nale MA, D’Amelio A, Lok AS, Block TM. GP73, a resident Golgi glycopro-
tein, is a novel serum marker for hepatocellular carcinoma. J Hepatol. 
2005;43(6):1007–12.

24. El Shafie MA, Fawzy AM, Abd Al Monem E, Abbass S, Zakaria DM, El Baz S. 
Golgi Protein 73 (GP73) as a Novel Serum Marker for Early Detection of Hepa-
tocellular Carcinoma in Egyptian patients. Life Sci Journal-Acta Zhengzhou 
Univ Overseas Ed. 2012;9(2):823–30.

25. Gao J. Application of Golgi Protein 73 and Alpha Fetoprotein in Monitoring 
the Treatment Response of Hepatectomy and Recurrence in Hepatocellular 
Carcinoma. Med J Wuhan Univ 2013.

26. Wang NY, Wang C, Li W, Wang GJ, Cui GZ, He H, Zhao HJ. Prognostic value of 
serum AFP, AFP-L3, and GP73 in monitoring short-term treatment response 
and recurrence of hepatocellular carcinoma after radiofrequency ablation. 
Asian Pac J cancer Prevention: APJCP. 2014;15(4):1539–44.

27. Dong M, Chen ZH, Li X, Li XY, Wen JY, Lin Q, Ma XK, Wei L, Chen J, Ruan DY, et 
al. Serum Golgi protein 73 is a prognostic rather than diagnostic marker in 
hepatocellular carcinoma. Oncol Lett. 2017;14(5):6277–84.

28. Li B, Liu A, Wen Y, Yang G, Zhao J, Li X, Mao Y, Li B. The prognostic values of 
serum markers in hepatocellular carcinoma after invasive therapies based on 
real-world data. J Clin Lab Anal. 2021;35(9):e23932.

29. Liang H, Ai-Jun J, Ji-Zong Z, Jian-Bo H, Liang Z, Yong-Xiang Y, Chen Y. Clinico-
pathological significance of miR-27b targeting Golgi protein 73 in patients 
with hepatocellular carcinoma. Anticancer Drugs. 2019;30(2):186–94.

30. Sun Y, Yang H, Mao Y, Xu H, Zhang J, Li G, Lu X, Sang X, Zhao H, Zhong S, et 
al. Increased Golgi protein 73 expression in hepatocellular carcinoma tissue 
correlates with Tumor aggression but not survival. J Gastroenterol Hepatol. 
2011;26(7):1207–12.

31. Chen X, Wang Y, Tao J, Shi Y, Gai X, Huang F, Ma Q, Zhou Z, Chen H, Zhang H, 
et al. mTORC1 Up-Regulates GP73 to Promote Proliferation and Migration 
of Hepatocellular Carcinoma Cells and growth of Xenograft tumors in mice. 
Gastroenterology. 2015;149(3):741–752e714.

32. Shimada K, Sano T, Sakamoto Y, Kosuge T. A long-term follow-up and man-
agement study of hepatocellular carcinoma patients surviving for 10 years or 
longer after curative hepatectomy. Cancer. 2005;104(9):1939–47.

33. Riener MO, Stenner F, Liewen H, Soll C, Breitenstein S, Pestalozzi BC, Samaras 
P, Probst-Hensch N, Hellerbrand C, Müllhaupt B, et al. Golgi phosphoprotein 
2 (GOLPH2) expression in liver tumors and its value as a serum marker in 
hepatocellular carcinomas. Hepatology. 2009;49(5):1602–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	A meta-analysis of the prognostic impact of tissue golgi protein 73 (tGP73) in hepatocellular carcinoma
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study characteristics
	tGP73 and OS in HCC
	tGP73 and DFS in HCC
	Relationship between tGP73 and clinicopathological characteristics of HCC
	Subgroup analysis
	Publication Bias

	Discussion
	References


