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Background: The relatdonship between serum gamma-glutamyl transpeptidase-to-platelet ratio (GPR) before
treatment and the prognosis of patients with hepatocellular carcinoma (HCC) is unclear. Here, we review and
summarize existing data and try to determine the predictive value of GPR in the treatment of HCC.

Methods: We searched Web of Science, PubMed, Embase and China national knowledge infrastructure
(CNKI) for clinical trials investigating GPR and HCC in participants with and without HCC. We developed
the inclusion criteria based on the principle of population-intervention-result-control-study design. Studies
that do not meet the standards were excluded. Studies were subjected to quality assessments using the
Cochrane Risk of Bias Tool for cluster-randomized control trials. Sensitivity, statistical, heterogeneity, and
publication bias analyses on STATA version 16.1 (STATA 2020).

Results: The pooled data from 7 studies of 1,952 patients showed that the specificity of GPR for predicting
the prognosis of HCC was 0.67 (95% CI: 0.61-0.73), and the sensitivity was 0.62 (95% CI: 0.57-0.67). The
Fagan chart prediction shows that the patient’s GPR indicates the prognostic effect of HCC. The positive
predictive value is 32%, which is significantly higher than before. The ROC curve is used to analyze the
effectiveness of GPR in predicting the prognosis of HCC, and the area under the curve (AUC) is 0.69 (0.65—
0.73). There is no publication bias in this study (The Deek funnel chart, P=0.48).

Discussion: Our results are similar to those of most previous studies, and meta-analysis showed that GPR

has well sensitivity, accuracy, and prognostic value in HCC.
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Introduction

In China, hepatocellular carcinoma (HCC) is one of the
most common malignancies, with high morbidity and
mortality. Its onset is hidden, the early clinical symptoms
are not obvious, and the imaging and pathological diagnosis
are mostly in the middle and late stages. Rapid disease
progression and high mortality are its characteristics, and
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the 5-year survival rate is less than 10%. The key to liver
cancer prevention and treatment lies in early diagnosis and
precise treatment. Therefore, it is essential to establish an
early diagnosis system. Alpha-fetoprotein (AFP) is currently
the most widely used HCC marker. Serum tumor marker
detection has the advantages of convenient specimen

collection and no risk of tumor spread caused by invasive
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procedures and has been commonly used in clinical practice.
However, many HCC patients with chronic liver disease
also show elevated AFP. Similarly, some HCC patients
continue to have negative AFP, indicating that AFP is less
sensitive (1).

Recent studies show that gamma-glutamyl
transpeptidase-to-platelet ratio (GPR) is an effective
indicator of chronic hepatic fibrosis with chronic viral
hepatitis-B (2). Pang ez 4. (3) designed this indicator for the
first time and used it to predict the preoperative survival rate
of HCC patients. Gamma-glutamyl transpeptidase (GGT)
mostly exists in hepatocytes (4) and it helps hepatocytes
decrease the oxidation products produced during normal
metabolism, and it can serologically indicate liver injury (5).
Platelet count in patients with liver cirrhosis is an important
indicator of the degree of liver cirrhosis. Severe liver
cirrhosis accompanied by portal hypertension causes
hypersplenism, which lowers platelet levels (6). In addition,
studies have shown that elevated serum GGT levels are
closely related to the occurrence of HCC (7). Platelets
can promote the production of liver tumor cells through
derived factors. For example, platelet-derived growth
factor C (PDGF-C) can stimulate the high expression of
PDGF-C receptors on HSC cell membranes, accelerate
HSC activation, and induce liver cell carcinogenesis and
proliferation. HCC cells can release IL-6 to stimulate the
expression of thrombopoietin (TPO) and induce platelet
increase. On the other hand, vascular endothelial growth
factor (VEGF) and endothelial cells activate protein kinase
signaling pathways through phosphorylation, activate the
corresponding receptors on the surface, and ultimately
induce endothelial cell proliferation and activation, promote
the formation of new blood vessels, and accelerate tumor
cell metastasis (8). GPR has been proven to be one of
the independent risk factors for HCC (9). Recent studies
have shown that GPR is one of the indicators suggesting
liver fibrosis in patients with chronic HBV infection. The
severity of liver fibrosis increases with the increase of
the GPR value. Preoperative liver reserve function is an
important indicator of HCC survival. The previous study
only conducted a correlation study on the GPR of HCC
patients before surgery, the smaller the value of GPR,
indicating a better prognosis (10). Due to the small size
of the sample of GPR related clinical studies, randomised
controlled clinical studies are lacking, and the results of
these studies are not consistent. To this end, we made up for
these shortcomings through meta-analysis, and conducted a
systematic review and consistency evaluation of the original
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research results. Therefore, the relationship between
GPR and HCC prognosis is also of great significance (10).
We summarized the ability of GPR to assess the overall
prognosis of HCC patients. Our goal is to eliminate the
publication bias of previous articles and determine the
value of GPR in predicting HCC. Here, we are trying to
determine the critical importance of GPR for predicting
the prognosis of HCC. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://tcr.amegroups.com/article/view/10.21037/ter-21-
2559/rc).

Methods
Search strategies

Use the online databases PubMed, Embase, Web of Science
and China national knowledge infrastructure (CNKI) to
select all relevant articles from the beginning of this study
to October 30, 2021. The search terms are limited to the
following main terms: “gamma-glutamyl transpeptidase to
platelet ratio” or “gamma-glutamyl transferase to platelet
ratio” or “GPR”, and “hepatocellular carcinoma” or “liver
cancer” or “liver neoplasm” or “hepatic neoplasm” or
“hepatocellular cancer” or “HCC”.

Inclusion and exclusion criteria

The inclusion criteria of the screening literature are as
follows: (I) the content of the study is to evaluate the value
of GPR in the predictive diagnosis of liver cancer; (II) cases
are clearly diagnosed with a pathological gold standard for
HCC; (IIT) the research design is divided into case group
and control group; (IV) HCC patients can be extracted
from the research results: true positive (TP), true negative
(TN), false positive (FP), and false negative (FN) of GPR in
serum were used to construct a 2x2 four-grid table.

The literature search excluded studies involving: (I)
studies that were not randomized controlled clinical trials;
(II) studies involving patients with too many complications
that may cause uncertain measurements; (III) studies with
incomplete data or lacking full text; (IV) any conference
papers, reviews, case reports, studies on lessons learned,
and repetitive literature (for multilingual papers, only
the earliest version was used); (V) nonalcoholic fatty liver
disease; (VI) patients with liver genetic metabolic diseases;
(VII) patients with liver metastasis; (VIII) patients with
acute heart failure, pregnancy or combined tuberculosis
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and acute malaria; (IX) patients who do not meet radical
resection or high tumor-node-metastasis (TNM)
staging (stage 1V); (X) patients undergoing preoperative
chemotherapy, radiotherapy, or other anticancer treatment;
(XI) HCC patients with tumour number >2, tumour
satellite lesions, or other organ tumours; (XII) clinically
confirmed infections, haematological diseases or immune
disorders; (XIII) postoperative pathological diagnosis of
non-HCC cases; (XIV) incomplete clinical and follow-up
data; (XV) perioperative death; (XVI) loss of contact during
follow-up. Follow-up examinations included computerized
tomography/magnetic resonance imaging, abdominal
ultrasound, and serological examination.

Data extraction

Two researchers, HM and NW, independently screened the
literature and evaluated the quality of the selected literature.
Extract the following information: first author’s name,
publication year, country, number of patients, age, gender,
cut-off value, TNM stage, survival outcome, follow-up

duration and TP, FP, TN, FN.

Quality assessment

Two researchers, NW and KS, evaluated the literature’s
quality based on the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) standard tool (11). There
are 14 questions in the standard, and each item can be rated
as “yes” or 1 point, and “unclear” and “no” as 0 points. If
the researchers disagree, discuss and resolve.

Statistical analysis

The data extraction of the figure is carried out using
GetData 2.26 software. We use RevMan5.2 to screen the
literature quality evaluation and use Statal6.0 to calculate
the combined sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR) and diagnostic odds
ratio (DOR) and draw the forest map and summarize the
receiver operating characteristic curve SROC; statistical
heterogeneity was quantified by I’ statistic. We drew
Fagan charts using STATA 16.1 to determine the prior
(current incidence) and posterior (estimated incidence after
this diagnostic test). Draw Deek’s funnel chart to assess
publication bias. P<0.05 indicates that the difference is
statistically significant.
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Results
Study selection

Among the 865 articles identified, 45 articles were screened
out after full-text screening. Of these, 7 studies (3,12-17)
involving 1,952 patients met inclusion criteria. No articles
were added after evaluating the reference lists. We then
extracted information from the 7 trials for meta-analyses. A
flow chart of the literature search is shown in Figure 1.

Study characteristics

All included articles were published between 2016 and
2017, and a total of 7 studies were included. All studies
used pathology as the gold standard for diagnosis. Use the
14 criteria in the QUADAS-2 quality assessment tool to
assess the quality of the documents. The average quality
score was >4, indicating that the quality of the literature
was good. In terms of adaptability, all the literature is low
risk, and the included literature has good adaptability. The
essential characteristics and details of the 7 qualified articles
and the QUADAS-2 score are shown in Table 1, and the

scores of each dimension are shown in Figure 2.

Diagnostic accuracy evaluation

Meta-analysis results show (Figure 3), GPR predicts the
prognosis of HCC with a moderate sensitivity of 0.62 and
a specificity of 0.67 (95% CI: 0.57-0.67 and 0.61-0.73,
respectively, NLR is 0.56 (95% CI: 0.51-0.62), PLR is 2.0
(95% CI: 1.7-2.2), DOR is 3 (95% CI: 3-4), SROC curve
analysis revealed an area under the curve (AUC) of 0.69
(0.65-0.73), indicating the value of prognostic prediction
of GPR on HCC (Figure 4). The Fagan plot (Figure 5)
suggests that the post-test positive predictive value of
the patient’s GPR for predicting HCC is 32%, which is
significantly higher than that before the test.

Heterogeneity

The heterogeneity I’ of sensitivity analysis was 68.5%,
and the Q test of sensitivity analysis showed P<0.001,
indicating that the included studies were heterogeneous.
After referring to the included articles, we summarized
the possible sources of heterogeneity: (I) the changes
of pathological stages in patients included in the study
were from NA to IV; (II) different groups are included;
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Figure 1 Flow chart of study selection process.
Table 1 Characteristics of the included studies
Study Year Country Cut off value Cancer stage* TP FP TN FN QUADAS-2
Peng (3) 2016 China GPR =0.76, GPR <0.76 NA 54 39 55 34 8
Dong (13) 2021 China GPR =0.54, GPR <0.54 NA 49 6 22 24 9
Dai (12) 2020 China GPR =0.35, GPR <0.35 -V 112 30 78 82 9
Wang (14) 2016 China GPR =0.84, GPR <0.84 NA 106 34 115 102 11
Yang (15) 2021 China GPR =0.30, GPR <0.30 v 99 70 85 41 9
Zhang (16) 2017 China GPR =0.38, GPR <0.38 -V 118 66 125 59 9
Wu (17) 2021 China GPR =0.48, GPR <0.48 -V 112 53 116 66 8

*, malignant tumors classified according the TNM stage. TP, true positive; TN, true negative; FP, false positive; FN, false negative;
QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies; GPR, gamma-glutamyl transpeptidase-to-platelet ratio; TNM, tumor-

node-metastasis.

(III) the cut-off value of GPR set by different studies is
quite different. We take heterogeneity into account when
conducting the data synthesis.

Publication bias

Analysis of publication bias using STATA 16.1 (Deek’s

funnel plot) did not reveal obvious publication bias (P=0.48)
in the included study (Figure 6).

Discussion

As shown in previous studies, 90% of primary liver cancer
is HCC. It is the primary pathological subtype of liver
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Figure 2 Risk of bias. (A) Risk of bias graph. (B) Risk of bias summary.

cancer and the three most common causes of cancer-related
deaths worldwide. The poor prognosis of liver cancer is
due to the high rate of recurrence and metastasis. The main
risk factors include genetics, epigenetic changes, chronic
hepatitis B, hepatitis C virus infection, aflatoxin exposure,
smoking, obesity, and diabetes (18). Some patients with
early-stage liver cancer have not yet confirmed the diagnosis
before determining the best treatment strategy and may
therefore lose the opportunity to cure HCC (19). In the
past few decades, the methods of treating liver cancer have
been continuously improved. However, HCC biomarkers
used for monitoring and early diagnosis have not been
significantly improved clinically. These biomarkers have
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clinical effects on both prognosis and treatment response.
Therefore, it is essential to screen other new biomarkers
through proteomics, metabolomics, and genomics to
evaluate liver cancer (20).

AFP is one of the most widely used biomarkers in liver
cancer patients. The level of AFP in chronic HCV patients
is significantly increased, resulting in low sensitivity in
specific populations (21). Lens culinaris lectin-responsive
AFP (AFP-L3) is one of the subtypes of AFP. Researchers
have found that the serum AFP-L3 level of HCC patients
is specific, and the average value is higher than that of
patients with chronic liver disease. However, AFP-L3 is
not perfect in diagnosing HCC, and the low sensitivity is
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still controversial (22). Golgi glycoprotein 73 (GP73) is a
transmembrane Golgi glycoprotein. The serum GP73 of
HCC patients is significantly increased, the sensitivity of
GP73 is 60%, and the specificity is 77%. The same problem
as AFP, GP73, may also be elevated in the serum of patients
with benign liver tumors. Therefore, the significance of
the GP73 test is still controversial. It cannot distinguish
between primary malignant and benign liver tumors, and
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it cannot give a valuable hint to the prognosis of HCC
patients (23). Des-y-carboxyprothrombin, which is known
as DCP, is an aberrant prothrombin protein. The result
in shows that although Serum DCP has low diagnostic
sensitivity, it yields reasonable specificity for HCC, which
is around 81% to 98% (24). In practice, combining
various related biomarkers to perform the test can vastly
improve the corresponding sensitivity and specificity. The
best combination of diagnostic methods can improve the
prognosis of patients and guide future research. Appropriate
combined diagnostic methods may improve the prognosis
of patients and guide future research (16). Previous work
has proved that for those HCC patients, combining AFP,
AFP-L3 and DCP can significantly improve their diagnostic
sensitivity and specificity (25).

In recent years, a large number of studies have shown
that noninvasive serological prognostic prediction models
have made significant progress in assessing fibrosis and
cirrhosis of patients with chronic hepatitis. Some models
are used to evaluate the prognosis of HCC and have high
accuracy (26-29). Lemoine et al. (30) found that GPR
has high diagnostic value for chronic hepatitis B fibrosis
and cirrhosis. Subsequent studies further verified its high
accuracy for chronic hepatitis B cirrhosis (31). GPR can
be used to assess the degree of fibrosis and cirrhosis of
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hepatitis B-related chronic hepatitis (8). Its prognostic
evaluation of hepatitis B-related HCC also shows a specific
value, especially for HCC patients receiving TACE, local
ablation or systemic treatment. GPR is based on the basic
clinical serological examination calculation, which has the
advantages of convenient inspection, good repeatability, and

is conducive to the promotion and use of primary medical
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institutions (32).

GPR has the advantages of simple examination, good
repeatability and good diagnostic performance, which
is suitable for clinical application (12). In this study, we
evaluated 7 studies, including a total of 1,952 patients, and
confirmed the predictive value of GPR in predicting HCC.
This study revealed that the specificity and sensitivity of
GPR in predicting HCC prognosis were 0.62 and 0.67,
which are higher than the values we set before. This proves
that GPR is highly accurate in predicting HCC prognosis.
SROC curve analysis revealed an AUC of 0.69 (0.65-0.73).
Suggesting the same effect as the ROC curve: GPR can
help predict patients’ prognosis with HCC.

This study has certain limitations. First, we included
data from different populations. The differences in age
and course of disease lead to large differences in the degree
of hepatocyte lesions in patients, which brings great
heterogeneity to this review. We tried stratified analysis, but
eventually balanced the relationship between sample size
and heterogeneity. Second, the data included in the studies
are not all positive, which may be related to the uncertainty
of the physiological mechanism of liver cell lesions. And
this suggested that even in the positive population, GPR
changes may be different from the manifestations. Third,
the critical values of positive outcomes set by different
studies vary a lot. Therefore, the specificity of GPR in
some patients may be overestimated or underestimated. In
order to obtain more definitive conclusions, more studies
using the same implementation standard and standardized
patients are needed to provide more exact evidence.

Conclusions

In short, in HCC patients, GPR can be used as a marker
to predict the prognosis of HCC, allowing clinicians to
do it in advance in a simple way at work. A prediction is
made, however, a large number of high-quality multi-center
studies are still needed for further verification.
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