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Abstract

Background The Value of Golgi protein 73 (GP73) in the diagnosis of Hepatocellular carcinoma (HCC) remains
controversial, especially in its differentiation between HCC and cirrhosis. Besides, some papers showed that
GP73 levels are correlated with liver fibrosis. This study conducts a meta-analysis to evaluate the value of GP73 in
diagnosing HCC and differential diagnosing HCC from liver cirrhosis.

Methods 36 studies with a sample size of 8314 cases concerning the accuracy of GP73 in the diagnosis of HCC were
selected through a systematic review. Seven of these studies included a total of 438 HCC samples and 426 cirrhosis
samples and calculated the sensitivity and specificity of GP73 for differential diagnosing HCC from cirrhosis. QUADAS
(quality assessment of diagnostic accuracy studies) was used to evaluate the quality of literature. Statistical analyses
were performed using StataSE16 software.

Results The pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio and
the area under the curve were 0.79(95%Cl 0.74-0.83),0.85(95%C]| 0.80-0.89),5.4(95%Cl 3.8-7.5), 0.25(95%Cl| 0.20-0.31),
22(95%Cl 13-35), and 0.88 for GP73 diagnosing HCC;0.74(95%Cl 0.64-0.81),0.70(95%Cl 0.49-0.85),2.40(95%Cl 1.3—
4.7),0.38(95%Cl 0.23-0.61),6(95%Cl 2-19), and 0.78 for GP73 differential diagnosing HCC from liver cirrhosis.

Conclusion The results suggest that GP73 has a high diagnostic value for HCC and a moderate value for differential
diagnosis of HCC from liver cirrhosis.
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Background

Hepatocellular carcinoma (HCC) is the second leading
cause of male cancer death globally, the fourth common
malignant tumor, and the third leading cause of cancer
death in China. HCC accounts for 85-90% of primary
liver cancer, seriously threatening people’s lives and
health security [1-3]. HCC high-risk groups, including
cirrhosis caused by various reasons [3]. Early diagno-
sis and treatment of HCC are essential to obtain better
therapeutic effects and reduce medical costs [4]. How-
ever, due to the insidious onset of HCC and the lack of
typical symptoms in the early stage, early monitoring and
screening of high-risk groups such as severe hepatitis and
liver cirrhosis are particularly important.

In the past 40 years, alpha-fetoprotein (AFP), as a
unique HCC-specific serum marker, has been widely
used in detecting, diagnosing, evaluating the treat-
ment effect, and predicting recurrence of HCC and has
played an important role. Still, 30% of patients with HCC
do not show increased AFP, and even sometime it can
be negative, which increases the diagnosis difficulty of
HCC [5]. To date, many protein markers, such as AFP-
L3, IL6 and PIVKA-II, have also been conducted to vary-
ing degrees [6]. However, their accuracy could not meet
people’s expectations for the early diagnosis of HCC,
according to the 2018 global cancer statistics, there are
841,080 new cases and 781,631 deaths of liver carcinoma
were reported [7].Besides, the incidence of liver cancer
is snowballing compared to other types of cancer on the
basis of American cancer statistics in 2020 [8]. Conse-
quently, the situation of HCC patients is still rigorous.
Thus, it is imperative to continue to look for new HCC-
specific tumor markers.

Golgi protein 73 (GP73), a Golgill type membrane pro-
tein (GOLPH2 / GOLM1), was found in recent years.
It is more likely to express in normal colon, lung, kid-
ney, prostate epithelial cells and the bile duct epithelial
cells of the normal liver, but not express in normal liver
cells [9]. Studies have shown that serum levels of GP73
in HCC patients were significantly higher than those in
patients with other severe liver diseases such as cirrhosis
and healthy controls [10, 11], indicate that GP73 may be
a potential serum marker in the diagnosis of HCC. How-
ever, there have been several studies examining serum
GP73 as a tumor marker for HCC with conflicting results,
many studies suggest that GP73 is not useful in the diag-
nosis of HCC, and the serum GP73 level of patients with
liver cirrhosis is even higher than that of HCC [12-15].
Because of the above controversies, we must make a sys-
tematic meta-analysis of the relevant literature on GP73
diagnosing HCC.
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Methods

Two researchers searched relevant Chinese and English
literature published in Cochrane Library, Pubmed, CNKI,
EMBASE, and Wan fang database from January 2014
to January 2022. The key words included “Golgi protein
73/GP73/GOLPH2/GOLMY’, “Hepatocellular  carci-
noma/ HCC” both in Chinese and English. To improve
the recall rate, we conduct a retrospective search from
the references of relevant literature. For the retrieved lit-
erature, the ones that did not meet the standards were
firstly excluded according to the title. Then the litera-
ture that met the requirements were screened by reading
the abstract. After careful reading, the full text, and the
inclusion and exclusion criteria were combined to deter-
mine the included literature.

Inclusion criteria: (1) the diagnostic criteria for HCC
clearly described in the literature. Patients diagnosed
with HCC according to the criteria taken as the experi-
mental group and patients with other liver diseases and
health examiners as the control group. (2) Serum GP73
determined in all samples. (3) The true positive, false
positive, false negative and true negative values of GP73
for the diagnosis of HCC could be obtained directly or
indirectly from literature to list 2x2 table. (4) The pub-
lished literature in Chinese or English. Exclusion criteria:
(1) non-diagnostic studies. (2) Incomplete data could not
list 2x 2 table. (3) Repeated publication.

Relevant data collected from the selected literature,
including author, study year, country, sample content
(number of cases in the experimental group and the
control group), sample characteristics (age and gender
distribution), GP73 detection method, specificity, and
sensitivity, etc. And true positive, false positive, false neg-
ative and true negative values were calculated. QUADAS
(quality assessment of diagnostic accuracy studies) was
used to evaluate the quality of literature.

The meta-analysis of diagnostic tests in StataSE16.0
software was used. We drew the forest chart of the
pooled sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), diagnostic odds
ratio (DOR) of the random effect model were calculated.
Summary receiver operating characteristic curve (SROC)
was drawn using the appropriate data statistical model,
and we calculate the area under the curve (AUC).Discuss
the threshold effect and the heterogeneity was tested. The
Funnel Plot was plotted using theStataSE16.0 software
for detecting publication bias.

Results

Study selection and study-quality analysis

The study recruitment flowchart is shown in Fig. 1. We
included 36 studies [15-50]with a total sample size of
8314 cases. Among them, HCC patients with or without
cirrhosis accounted for 3192 cases, and the remaining
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The flow diagram for identification of studies via databases

Records identified from(n=
1242) :
Pubmed (n=125)
CNKI (n=1117)

Records removed before
screening:
Records were excluded
based on title(n =943) :
Pubmed (n =65)
CNKI (n =878 )

A 4

Records screened by titles and

abstracts(n=299 ) :
Pubmed(n=60)
CNKI(n=239)

A\

Records excluded comments,
Reviews, meta-analysis (n=17)
Pubmed(n=13)
CNKI(n=4)

Reports sought for retrieval
(n=282)
Pubmed(n=47)
CNKI(n=235)

!

Reports assessed for eligibility
(n=242)
Pubmed(n=23)
CNKI(n=219)

!

Irrelevant articles* (n=40)
Mechanism study of HCC(n=29)
Pubmed(n=17) CNKI(n=12)
Pharmaceutical research (n=4)
Pubmed(n=2) CNKI(n=2)
Research related to experimental
technology(n=7)

Pubmed(n=5) CNKI(n=2)

Reports excluded:

Unavailable data for calculating
sensitivity or specificity(n=203)
Pubmed(n=13) CNKI(n=190)
Duplicate records removed (n=3)
Pubmed(n=2) CNKI (n=1)
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Reports of included studies
(n=36)
Pubmed(n=8)
CNKI(n=28)

Included

J

*Irrelevant articles refers to mechanism study of HCC , which includes cell model experiment and animal study, pharmaceutical
research on HCC, Research related to experimental technology of GP73.

Fig. 1 Flow diagram of the process of the inclusion and exclusion of studies for this meta-analysis

5122 cases with non-HCC included cirrhosis, benign liver
tumors, and non-liver tumors and healthy people. Seven
of these studies had 438 HCC samples and 426 cirrhosis
samples in which the sensitivity and specificity of GP73
for differential diagnosing HCC from cirrhosis were cal-
culated [15, 29, 37, 44—-47]. Table 1 shows the characteris-
tics of the 36 included studies of studies, including some
extract relevant data( the country of publication, sample
size, gender, age, specificity, sensitivity, etc.). Meanwhile,
the quality evaluation of the included literature was con-
ducted according to the QUADAS scale. The scores were
all above 10, indicating the relatively high quality of the
selected literature.

Summary diagnostic value of GP73

We analyzed the value of GP73 diagnosing HCC and
GP73 differential diagnosing HCC from cirrhosis in our
study with the different control groups. Both analyses
sensitivity and specificity showed high heterogeneity,

so the random effect model was chosen to combine the
effect size.The Table 2 displays the accuracy of GP73 in
diagnosis of HCC (the large-sample Group) and GP73 in
differential diagnosis of HCC and cirrhosis(the cirrho-
sis Group). The pooled sensitivity of GP73 diagnosing
HCC from the control group of large samples, including
healthy controls was 0.79, and the 95% confidence inter-
val (CI) was 0.74—0.83. The heterogeneity test showed
that 1>=86.05%. The pooled specificity was 0.85, with
a 95% CI of 0.80-0.89, 1*=95.83%(Fig. 2A). The pooled
PLR was 5.35, with a 95% CI of 3.82-7.49, 1°=90.3%.
The pooled NLR was 0.25, with a 95% CI of 0.20-0.31,
1>=89.58% (Fig. 3A). The pooled DOR was 21.61, with
a 95% CI of 13.49-34.61, [*=100% (Fig. 4A). The fitted
SROC curve is shown in Fgure 5 A. The AUC is 0.88,
with a 95% CI of 0.85-0.91. Also, the pooled sensitivity
of GP73 diagnosing HCC from cirrhosis samples as the
control group was 0.74, and the 95% CI was 0.64—0.81,
and the heterogeneity test showed I1°=78.51%. The
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2 ; pooled specificity was 0.70, and the 95% CI was 0.49—
2 £ 0.85, 1°=93.90% (Fig. 2B). The pooled PLR was 2.44, with
o |- |8 a 95% CI of 1.26-4.71, ’=93.1%. The pooled NLR was
> 0.38, with a 95% CI of 0.23-0.61, 1*=89.84%(Fig. 3B).
gy ||| s The pooled DOR was 6.44, with a 95% CI of 2.14—19.41,
< I cZi >=100% (Fig. 4B).The fitted SROC curve was shown in
< Fig. 5B. The AUC is 0.78, with a 95% CI of 0.74—0.81. In
Z |84 E?Z- addition, the Fagan nomogram revealed that the post-
% test propability of the GP73 diagnosing HCC was 77%
Z |8 5ls and GP73 differential diagnosing HCC from cirrhosis
% was72%, indicating GP73 identified highly valuable in
& |2l diagnosing HCC or diagnosing HCC differential from
2 cirrhosis (Fig. 6).
B |3 3|8
s Test for heterogeneity
g ? In this meta-analysis, large heterogeneity was observed
%5‘ % and the reasons for heterogeneity were investigated. In
£ e this meta-analysis, Firstly,meta-regression method was
§. & § £ performed to explore the heterogeneity with published
8 period, country, sample size,GP73 detection method
2 % as the co-variate to analyze possible reasons for the
:-E - o g heterogeneity,the results are shown in Table 3.We discov-
§ g § § £ ered the published period, country and sample size may
- ;3' be the causes of heterogeneity of the pooled sensitivity,
g while sample size and GP73 detection method may be the
- % reasons for heterogeneity of the pooled specificity. Addi-
£ < " tionally, the causes of heterogeneity should explore the
g |2 |E proportion of heterogeneity likely due to threshold effect
% is zero, suggesting that the heterogeneity isn’t caused by
5 |2 |2 the threshold effect.
R
8§22 g .
K Publication bias
N % In the publication bias test, we used the StataSE16 soft-
§1 SN g ware to draw the funnel diagram as shown in Fig. 7, indi-
Z cating no bias.
HER: 3
8 £ iy E Discussion
TV =~ Hepatocellular carcinoma is a global disease. Its early
= diagnosis plays a vital role in improving the prognosis
o . . .
- s of patients and saving social resources. Because the low
£ s |2 sensitivity of AFP is becoming increasingly difficult to
§ s |& meet the needs of early diagnosis of HCC, people begin
Fi to continually look for new tumor markers.
- Since Phillips et al. found the cDNA clone fragment
2 8 |2 of GP73 in patients with CMV hepatitis; GP73 has been
é closely associated with liver diseases [9]. In 2005, Block
g et al. reported for the first time that in animal liver
=) gg cancer cells GP73 is highly expressed, and in human
§ S i patients with HCC the serum level of GP73 is signifi-
= L8 cantly increased [16]. Meanwhile, Marrero et al. showed
S | g that serum GP73 level in patients with HCC was signifi-
-l. |2 g¢ cantly higher than that in patients with liver cirrhosis
212 3 % g (p<0.001). The sensitivity and AUC for GP73 early diag-
cl2 |2 |23 nosing HCC were both higher than AFP, suggesting that
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Table 2 Summary of the diagnostic accuracy of GP73

Group Pooled Pooled Pooled Pooled Pooled AUROC
sensitivity(95%Cl) specificity(95%Cl) PLR(95%CI) NLR(95%Cl) DOR(95%Cl) (95%ClI)

Large-sample Group 0.79 0.85 535 0.25 2161 0.88
(0.74-0.83) (0.80-0.89) (3.82-7.49) (0.20-0.31) (13.49-34.61) (0.85-091)

Cirrhosis Group 0.74 0.70 244 0.38 6.44 0.78
(0.64-0.81) (0.49-0.85) (1.26-4.71) (0.23-0.61) (2.14-19471) (0.74-0.81)

PLR:positive likelihood ratio;NLR:negative likelihood ratio;DOR:diagnostic odds ratio;AUROC:the area under the receiver operating characteristic curve; Cl:

Confidence interval.

GP73 may become a serum marker for early diagnosis of
HCC [15].

Subsequently, studies on GP73 related to HCC have
been published one after another. Up to now, a large
number of studies on the diagnostic Value of GP73 for
HCC have been reported, as well as number of meta-
analyses [51-53]. In 2015, Dai’s meta-analysis [51]
including 11 studies showed that GP73 had a sensitivity
of 0.77 and specificity of 0.91 in the diagnosis of HCC
and a DOR of 12.49, which were better than AFP. Still, its
AUC of 0.86 was less than 0.91, the combination of GP73
and AFP. In 2020, the meta-analysis of Zhao et al. [19]
showed that GP73 had a sensitivity of 0.77 and speci-
ficity of 0.93 in the diagnosis of HCC and a DOR of 43,
which were better than AFP. However, its AUC of 0.90
was less than 0.95, when combined the Golgi protein 73,
glypican-3 and AFP. Moreover, Zhang et al. [53] included
9 studies indicated that GP73 over expression was sig-
nificantly associated with later tumor stage, higher tumor
grade and poor overall survival (OS).

In brief, most studies have shown that GP73 could be
used as a potential serum marker for the diagnosis of
HCC. However, still at the same time, many studies have
also shown that there was no statistically significant dif-
ference in the expression level of serum GP73 between
patients with HCC and cirrhosis. Even the serum GP73
of patients with liver cirrhosis is higher than that of
patients with HCC, suggesting that GP73 cannot distin-
guish HCC from liver cirrhosis54—56 Liu et al’s research
in 2017 showed that the AUROC of 0.613 in the differ-
ential diagnosis of HCC from cirrhosis had a noticeable
decrease than 0.834 in the differential diagnosis of HCC
from other chronic liver diseases. Moreover, GP73 lev-
els had no noticeable change after the resection of HCC
lesions, which were different from AFP declining signifi-
cantly. The authors believed that GP73 could not accu-
rately distinguish HCC patients from non-HCC patients
with cirrhosis [14].Because of this controversy, we col-
lected relevant literature to conduct a meta-analysis to
evaluate the diagnostic value of GP73 for HCC with vary-
ing groups of control. One contained patients with vari-
ous non-HCC diseases and healthy individuals; the other
included patients with liver cirrhosis alone.

Our meta-analysis included a total of 36 studies.
Among them, Bo et al. [13] followed up 109 patients

with liver cirrhosis for 36 months and compared serum
GP73 levels of patients who turn to liver cancer or not.
Sun [46], Gao [42], Zhou [47] evaluated the diagnostic
Value of GP73 for HCC with a control group of patients
with liver cirrhosis, Wang et al. [29], Xu et al. [37] and
Liu et al. [45]evaluated the diagnostic value of GP73 for
HCC with a control group of patients with hepatitis, liver
cirrhosis, other benign liver diseases, and healthy people.
They then evaluated it in patients with liver cirrhosis as
the control group.

The remaining 29 studies were all GP73 diagnostic
studies of HCC with the control group of other liver dis-
eases, tumors at different sites, and healthy people. Due
to the high heterogeneity of the pooled sensitivity and
specificity (I> was 86.05% and 95.83%, respectively), we
selected the random effect model for statistical analysis.
The pooled sensitivity and specificity were 0.79 and 0.85,
slightly lower than Dai et al’s study [51] in 2015 with the
sensitivity of 0.77 and specificity of 0.91. The change of
the etiological spectrum of HCC might be one factor.

We drew the fitted SROC curve, the AUC was 0.88,
showed GP73 has better diagnostic value for HCC. The
positive likelihood ratio (PLR) indicates that patients
with HCC are 5.35 times more likely to be correctly diag-
nosed as positive than non-HCC patients. The negative
likelihood ratio (NLR) indicates that patients with HCC
are 0.25 times less likely to be wrongly diagnosed as neg-
ative. Diagnostic odds ratio (DOR) is an index to evalu-
ate the performance of a diagnostic test. It integrates the
accuracy of sensitivity and specificity and is the ratio of
PLR to NLR. Its value can range from O to infinity. The
larger the value is, the better the diagnostic efficiency will
be. The DOR of 21.61 indicates that GP73 has high diag-
nostic efficacy for HCC.

In addition, we also calculated the diagnostic value of
GP73 for HCC in the seven studies [15, 29, 37, 44—47]
from which only taking liver cirrhosis as the control
group, and we obtained that the pooled sensitivity and
specificity were 0.74 and 0.70, with the AUROC of 0.78. It
indicates that GP73 has a moderate value for the differen-
tial diagnosis of HCC from cirrhosis, but it is lower than
that of the former analysis. The DOR of 6.44 also shows
less effectiveness than the former. Hence, one can see
that GP73 has a relatively moderate ability of differential
diagnosis between HCC and cirrhosis.
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Fig. 6 Fagan nomogram (A) for GP73 diagnosing HCC and (B) for GP73 differential diagnosing HCC from cirrhosis

This may be explained by Liu et al. [57]. Their study
showed that hepatoma cells and activated hepatic stel-
late cells could express GP73 in patients with liver dis-
ease. In contrast, the hepatic stellate cells in patients
with liver cirrhosis are largely activated to express high
levels of GP73, which might indicate the close association
between the two groups.

In this meta-analysis, the heterogeneity test of the
pooled sensitivity and specificity both showed I*>50%,
indicating high heterogeneity. Therefore, the reasons for

heterogeneity were investigated. Firstly, meta-regres-
sion method was performed to explore the heterogene-
ity according to the studies’ characteristics in the former
meta-analysis (Table 3), we discovered the published
period, country and sample size may be the causes of
heterogeneity of the pooled sensitivity, while sample size
and GP73 detection method may the reasons for hetero-
geneity of the pooled specificity. However, the regression
analysis cannot be conducted due to the small sample
size in the latter analysis. Additionally, no threshold
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Table 3 Meta-regression analysis of the pooled sensitivity and specificity

Parameter Category NO.studies 95%(Cl of Sensitivity P 95%Cl of Specificity P
period Before 2017 26 0.769(0.71-0.81) 0.00 0.88(0.83-0.93) 0.16
After 2017 14 0.84(0.78-0.90) 0.80(0.69-0.90)
country China 33 0.75(0.71-0.79) 0.00 0.86(0.80-0.91) 0.17
Not China 7 0.92(0.88-0.96) 0.84(0.71-0.96)

Sample size >60 25 0.79(0.74-0.85) 0.00 0.82(0.75-0.89) 0.00
<60 15 0.78(0.70-0.85) 0.90(0.85-0.96)

method ELISA 37 0.90(0.82-0.98) 0.70 0.87(0.82-0.91) 0.00
other 3 0.78(0.73-0.82) 0.56(0.24-0.88)

NO.studies:Number of studies;Cl:Confidence interval.

A
Deeks' Funnel Plot Asymmetry Test
pvalug = 0.33
05 <
O Study
77777 Regression
Line
q @
)
1] e
=
o
£
-
15
Q
T T T 1
1 10 100 1000
Diagnostic Odds Ratio
B
Deeks' Funnel Plot Asymmetry Test
pvalye = 0.99
"4 o
Study
© | Regression
Line
1 @
o
|
) |
%] |
w |
p=gir |
o
o |
=
= |
|
|
|
14~ |
|
|
|
|
|
16 T o 1
1 1000

T T
1 100
Diagnostic Odds Ratio

Fig. 7 The Deeks funnel plots to assess potential publication bias (A) for
GP73 diagnosing HCC and (B) for GP73 differential diagnosing HCC from
cirrhosis

effect was detected from the SROC curve. As we can see,
it have statistically significant effect caused by sample
size, publication period and country in terms of diagnos-
tic accuracy, we speculate that some causes might include
the different types resulting from hepatitis and the het-
erogeneous control group comprising cirrhosis, benign
liver tumors and non-liver tumors, and healthy people
proportion differences. We drew the Deeks’ funnel plot
for quality evaluation, both of them indicating no bias

which may caused by data errors, improper use of statis-
tical methods, failure to include a large number of stud-
ies, true heterogeneity or other factors.

Conclusion

In conclusion, our study shows that GP73 has a rela-
tively high efficiency for diagnosing HCC, and it also has
a moderate value for differential diagnosing HCC from
liver cirrhosis. But precisely how GP73 is expressed in
liver tissues and cells of cirrhotic patients remains to be
studied.
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