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Abstract
BACKGROUND 
The prognostic impact of preoperative gamma-glutamyl transpeptidase to platelet 
ratio (GPR) levels in patients with solitary hepatitis B virus (HBV)-related hepato-
cellular carcinoma (HCC) following radical resection has not been established.

AIM 
To examine the clinical utility of GPR for prognosis prediction in solitary HBV-
related HCC patients.

METHODS 
A total of 1167 solitary HBV-related HCC patients were retrospectively analyzed. 
GPR levels were compared with 908 non-HCC individuals. Overall survival (OS) 
and recurrence-free survival (RFS) were evaluated, and cox proportional hazard 
model analyses were performed to identify independent risk factors. Differences 
in characteristics were adjusted by propensity score matching (PSM). Subgroup 
and stratified survival analyses for HCC risks were performed, and a linear trend 
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of the hazard ratio (HR) according to GPR levels was constructed.

RESULTS 
GPR levels of patients with solitary HBV-related HCC were higher than those with hepatic hemangiomas, chronic 
hepatitis B and healthy control (adjusted P < 0.05). Variable bias was diminished after the PSM balance test. The 
low GPR group had improved OS (P < 0.001) and RFS (P < 0.001) in the PSM analysis and when combined with 
other variables. Multivariate cox analyses suggested that low GPR levels were associated with a better OS (HR = 
0.5, 95%CI: 0.36-0.7, P < 0.001) and RFS (HR = 0.57, 95%CI: 0.44-0.73, P < 0.001). This same trend was confirmed in 
subgroup analyses. Prognostic nomograms were constructed and the calibration curves showed that GPR had 
good survival prediction. Moreover, stratified survival analyses found that GPR > 0.6 was associated with a worse 
OS and higher recurrence rate (P for trend < 0.001).

CONCLUSION 
Preoperative GPR can serve as a noninvasive indicator to predict the prognosis of patients with solitary HBV-
related HCC.

Key Words: Gamma-glutamyl transpeptidase to platelet ratio; Hepatitis B virus; Hepatocellular carcinoma; Prognosis; 
Propensity score matching

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we assessed the prognostic value of gamma-glutamyl transpeptidase to platelet ratio (GPR) in early 
hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) patients. We evaluated the clinical utility of preoperative 
GPR in predicting outcomes for solitary HBV-related HCC patients using propensity score matching, restricted cubic spline, 
survival analyses and stratified analyses. Preoperative GPR levels facilitate recurrence monitoring and inform treatment 
strategies, potentially enhancing the quality of life for HCC patients.

Citation: Yang CK, Wei ZL, Shen XQ, Jia YX, Wu QY, Wei YG, Su H, Qin W, Liao XW, Zhu GZ, Peng T. Prognostic utility of 
gamma-glutamyl transpeptidase to platelet ratio in patients with solitary hepatitis B virus-related hepatocellular carcinoma after 
hepatectomy. World J Gastrointest Oncol 2024; 16(12): 4579-4596
URL: https://www.wjgnet.com/1948-5204/full/v16/i12/4579.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i12.4579

INTRODUCTION
Worldwide there are 782500 new cases and 745500 deaths per year due to hepatocellular carcinoma (HCC), the most 
common primary liver cancer[1]. Environmental and individual risk factors include male sex, advanced age, obesity, type 
2 diabetes, infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), cirrhosis, aflatoxin B1 exposure, alcohol 
abuse, smoking, and several metabolic factors[2,3]. Chronic HBV infection is an important risk factor for HCC, especially 
in Asia-Pacific regions, and accounts for > 50% of newly diagnosed HCC cases[4]. Although HBV can become inactive, 
chronic HBV infections can cause progressive liver fibrosis, which may evolve into HCC in patients with cirrhosis[5]. The 
annual incidence of HBV-related HCC in patients with chronic HBV infection ranges from 2% to 5% when cirrhosis is 
already established[6].

Surgical resection is regarded as a standard curative treatment for early and intermediate stages of HCC among 
appropriately selected patients[7]. However, 5-year recurrence rates of HCC patients after curative hepatectomy are as 
high as 70%–80%, which hinders their long-term survival[8,9]. Clinical outcomes following surgery differ widely and 
such large variation is mostly unexplained. This variation becomes an obstacle to finding effective therapies and 
strategies for cancer management. Therefore, it is important to identify risk factors associated with postoperative 
recurrence and death to avoid subsequent consequences after HCC resection.

Liver puncture biopsy is an invasive procedure and the gold standard for ascertaining the degree of liver fibrosis and 
damage. Previous studies have found that various non-invasive methods based on routine laboratory tests can predict 
liver fibrosis, cirrhosis, and even the risk of developing HCC, including the fibrosis-4 index[10], aspartate aminotrans-
ferase-platelet index[11], and albumin-bilirubin score[12]. Interestingly, a previous study demonstrated that the gamma-
glutamyl transpeptidase to platelet ratio (GPR) is an accurate indicator of chronic hepatic fibrosis in patients with chronic 
HBV infection[13]. In addition, the relative risk of HCC development was significantly increased within chronic HBV 
patients with high GPR levels[14]. Dai et al[15] reported that preoperative GPR could be an effective non-invasive 
predictor for the prognosis of HCC patients after hepatectomy[15]. A meta-analysis encompassing 10 studies with 4706 
patients indicated that HCC patients with higher GPR exhibited poorer clinical outcomes compared to those with lower 
GPR, suggesting that GPR is a valid prognostic biomarker for HCC. Furthermore, elevated GPR may signal a deterio-
rating prognosis in postoperative HCC patients[16]. According to the Chinese guidelines for the diagnosis and treatment 
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of primary liver cancer[17], Chinese patients with single nodule liver cancer are considered to be in the early stage, and 
surgical resection is the preferred treatment method. Previous research has demonstrated that the GPR value is a 
potential prognostic indicator for the occurrence of both overall postoperative and major complications following minor 
hepatectomy in patients with HCC[18]. However, no study has investigated the prognostic effect of preoperative GPR 
levels in patients with solitary HBV-related HCC after radical resection.

In the present study, we explored the critical importance of preoperative GPR as a prognosis factor for HBV-related 
HCC through propensity score matching (PSM), and survival and stratified analyses.

MATERIALS AND METHODS
Study population
We enrolled patients who underwent curative HCC resection between January 2012 and December 2018 at the 
Department of Hepatobiliary Surgery, The First Affiliated Hospital of Guangxi Medical University.

Inclusion criteria were as follows: (1) The 18 years of age or older; (2) Medical history of chronic HBV infection; (3) HBV-
related HCC was confirmed histopathologically after initial hepatectomy, without previous treatment; (4) Patients 
presented solitary HCC without gross vascular invasion, bile duct tumor thrombosis, satellite nodules or extrahepatic 
metastasis upon preoperative clinical imaging and histopathological examination; (5) Child-Pugh classification A or B; 
and (6) Negative surgical margin observed microscopically or macroscopically upon resection.

Exclusion criteria: (1) Patients with concurrent malignancies; (2) Patients deemed unsuitable for surgery due to either 
poor tolerance or insufficient residual liver volume to ensure surgical feasibility; (3) Patients diagnosed with hepatic 
neoplasms of mixed histology; (4) Recurrent HCC; and (5) Non-HBV infection. A total of 1167 patients were enrolled, of 
whom 172 patients were Barcelona Clinic Liver Cancer (BCLC) stage 0, and 995 patients were BCLC stage A.

To evaluate GPR levels, a total of 908 participants (age ≥ 18 years and ≤ 80 years, males and females) were enrolled 
from the First Affiliated Hospital of Guangxi Medical University, including 28 patients with hepatic hemangiomas, 242 
healthy control, 67 patients with nonalcoholic fatty liver, 224 patients with chronic hepatitis B, 84 patients with chronic 
hepatitis C, 245 patients with post-hepatitis cirrhosis, and 18 patients with alcoholic cirrhosis. Eligibility criteria were as 
follows: (1) Liver cirrhosis detected by liver biopsy or supported by two imaging techniques, with chronic hepatitis 
infection or alcoholism history; (2) Chronic hepatitis defined as hepatitis B surface antigen or hepatitis C antibodies 
positive for at least 6 months, with confirmed of HBV or HCV infection; (3) Nonalcoholic fatty liver and hepatic 
hemangiomas were diagnosed by two clinical imaging methods, in patients with no history of hepatitis infection; and (4) 
Healthy individuals were confirmed to have no liver or gastrointestinal diseases, no history of other malignancies, and 
were serologically negative for hepatitis viruses.

This study was approved by The Ethics Committee of The First Affiliated Hospital of Guangxi Medical University, 
China, No. 2024-E638-01. All participants signed written informed consent before study commencement.

Data acquisition and pre-processing
Medical records of HBV-related HCC were reviewed to extract information on baseline characteristics and pathological 
variables. Histopathological examination confirmed the diagnosis of cirrhosis. Tumor stage after operation was 
determined following the BCLC staging system. Cutoff values of continuous variables were based on those used 
commonly in upper and lower clinical limits or median values of subjects. GPR was defined as gamma-glutamyl 
transpeptidase (GGT) (U/L)/platelet count (× 109/L). The above indicators are derived from the latest preoperative 
clinical data of each patient. The x-tile program[19] was used to generate the optimal GPR cutoff point with minimum P 
values from χ² tests. Therefore, the cutoff value of GPR was set as 0.2. In particular, the tercile stratification thresholds for 
GPR were set at 0.2 and 0.6.

Follow-up
After surgery, all patients were followed-up for at least one year. During the first postoperative year, outpatient 
surveillance was conducted at 3-month intervals, and then every 6-month thereafter by outpatient visits or telephone calls 
until death or up to January 31, 2022. Serum alpha-fetoprotein (AFP) assay, ultrasonography, and chest radiography were 
routinely performed. Enhanced computed tomography was performed every 6 months. Based on this surveillance, the 
overall survival (OS) time was defined as the time from surgery to death (any cause) or to the interruption of follow-up. 
The recurrence-free survival (RFS) time was defined as the time from surgery to HCC recurrence, including the 
appearance of intrahepatic tumor nodule(s) with radiologic features consistent with HCC, with or without a rise in serum 
AFP levels, or follow-up interruption.

PSM
PSM analysis was used to adjust for differences in baseline characteristics and to minimize biases of variable selection. 
With a 0.05 standardized difference as the caliper, a 1:1 matching was performed using the nearest neighbor method. 
Standardized mean differences were used to assess the balanced distribution of matched patients within each group. A 
mean difference value higher than 0.1 was considered imbalanced. Matching variables included sex, age, body mass 
index, smoking history, drinking history, history of liver fluke disease, liver cirrhosis, alpha-fetoprotein, tumor size, liver 
function grade, microvascular imaging (MVI), etc. After PSM, both low and high GPR groups included 328 patients 
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(Figure 1). Three groups of PSM analysis were further matched by R packet TriMatch[20].

Statistical analysis
Descriptive analysis of clinicopathological features was assessed using Pearson's χ² and Wilcoxon rank sum tests, as 
appropriate. Survival analysis was performed through the Kaplan-Meier method to estimate the survival rates for 
different groups. The log-rank test was used to evaluate the statistical significance of the equivalences of the survival 
curves. To evaluate the association between variables and endpoints, a cox proportional hazards model was constructed 
for univariate and multivariate survival analyses to calculate the hazard ratio (HR) and 95%CI. In multivariable analyses, 
we used forward stepwise selection of covariates that were P < 0.05 in the univariate regression. Restricted cubic spline 
(RCS) analyses were performed to determine the association between continuous GPR levels and death/recurrence risks. 
Interaction analyses, combined analyses, and nomograms were utilized to explore the comprehensive effects of GPR 
levels and subgroup parameters on the prognosis of HCC. Statistical significance for a linear trend of HR across stratified 
GPR levels and clinical outcomes of patients was tested. P < 0.05 indicated a statistically significant difference.

All analyses were performed in x-tile (version 3.6.1), R (version 3.6.2, https://www.r-project.org/) and Statistical 
Package for the Social Sciences version 24.0 (IBMCorp., Chicago, IL, United States).

RESULTS
A flow diagram summarizing the present work is shown in Figure 1.

GPR level comparisons
Pairwise comparison of GPR levels revealed that GPR levels of solitary HBV-related HCC patients were higher than those 
of patients with hepatic hemangiomas, chronic hepatitis B and healthy controls (adjusted P < 0.05) (Figure 2). However, 
no significant difference was found between patients with HBV-related HCC and post-hepatitis cirrhosis.

PSM balance test
To adjust for differences in baseline characteristics, associated covariates were entered into the propensity model. After 
the PSM balance test, the distribution of propensity scores in the high and low GPR groups were similar (Figure 3A). 
Moreover, all variables were within a reasonable range (overall distance fell within the caliper) after adjusting for solitary 
HCC patients with GPR ≤ 0.2 and GPR > 0.2 (Figure 3B).

Characteristics of the study population
Comparisons of baseline characteristics and clinicopathological features among early-stage solitary HCC patients with 
GPR ≤ 0.2 and GPR > 0.2 before and after PSM are presented in Table 1. Before PSM, there were differences between the 
groups in several variables, including sex, smoking, drinking, liver flukes, cirrhosis, serum AFP level, total bilirubin, 
albumin, GGT, HBV DNA, tumor size and infiltrative growth (P < 0.05) (Table 1). After PSM, the clinicopathological 
variables of the two groups were balanced, and the two groups were comparable (Table 1). Although some differences in 
the serum AFP and total bilirubin, the overall distance of propensity scores is still within a reasonable range (Figure 3B).

Survival analysis
Survival curve and Cox proportional hazards model analyses showed that, compared with the high GPR group (GPR > 
0.2), low GPR patients had a better OS time and risk value upon univariate analyses (log-rank P < 0.001, HR = 0.48, 
95%CI: 0.36-0.64, P < 0.001) (Figure 3C and Table 2). After matching, the low GPR group was shown to have a better OS 
and risk than the high GPR group of patients with early-stage solitary HCC (log-rank P < 0.001, HR = 0.49, 95%CI: 0.35-
0.69, P < 0.001) (Figure 3D and Table 2). Similarly, compared with the high GPR group (GPR > 0.2), patients in the low 
GPR group had improved RFS and risk values (log-rank P < 0.001, HR = 0.49, 95%CI: 0.4-0.6, P < 0.001) (Figure 3E and 
Table 3). Indeed, after matching, the low GPR group had improved RFS and risk (log-rank P < 0.001; HR = 0.56, 95%CI: 
0.44-0.71, P < 0.001) (Figure 3F and Table 3). Moreover, some clinical features were related to tumor prognosis, such as 
tumor size, cirrhosis, and HBV-DNA (Table 2 and Table 3). Results from the multivariate analysis suggest that 
preoperative low GPR levels were independently associated with a better OS (HR = 0.5, 95%CI: 0.36-0.7, P < 0.001) and 
RFS (HR = 0.57, 95%CI: 0.44-0.73, P < 0.001) (Table 3).

Subgroup and combined analyses by baseline characteristics
To explore more deeply the predictive value of GPR levels for the prognosis of early-stage solitary HBV-related HCC 
patients, we performed subgroup analyses based on baseline characteristics. Patients in each group were divided into 
subgroups with low and high GPR levels. Among subgroups, low preoperative GPR levels were significantly associated 
with an improved OS when compared to those that had high GPR levels (Figure 4A). A strong interaction was found 
between GPR and HBV-DNA copies (P for interaction = 0.015) (Figure 4A). Indeed, the forest plot depict that the risk of 
RFS was improved in patients with low GPR values among each subgroup of baseline characteristics (Figure 4A). 
Importantly, a significant interaction between GPR and tumor size was observed (P for interaction = 0.032) (Figure 4A). 
Combined analyses showed that a low GPR coupled with a tumor size ≤ 5 cm, absence of cirrhosis, AFP < 200 ng/mL, 
and no MVI predicted a favorable OS after PSM (Figure 4B). Conversely, high GPR levels coupled with tumor size > 5 cm, 
AFP ≥ 200 ng/mL, the presence of cirrhosis and MVI predicted a shorter recurrence time (Figure 4C).

https://www.r-project.org/


Yang CK et al. GPR associated prognosis of HCC

WJGO https://www.wjgnet.com 4583 December 15, 2024 Volume 16 Issue 12

Figure 1 Flow diagram of the propensity score analysis for this study. GPR: Gamma-glutamyl transpeptidase-to-platelet ratio; RCS: Restricted cubic 
spline; HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer.

Figure 2 Violin plot analysis comparing the gamma-glutamyl transpeptidase-to-platelet ratio levels among hepatitis B virus-related 
hepatocellular carcinoma and other 7 non-hepatocellular carcinoma groups. Pairwise comparisons were performed by Games-Howell test, and P 
value was adjusted by Benjamini-Hochberg methods.
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Figure 3 The balance test of propensity score matching and KaplanMeier analysis between gamma-glutamyl transpeptidase-to-platelet 
ratio level and prognosis of solitary hepatitis B virus-related hepatocellular carcinoma cohort. A: Distribution of propensity values before and after 
propensity score matching (PSM); B: Absolute standardized differences in covariates between solitary hepatocellular carcinoma (HCC) patients with gamma-glutamyl 
transpeptidase-to-platelet ratio (GPR) ≤ 0.2 and GPR > 0.2, before and after PSM; C and D: Kaplan-Meier survival curves of overall survival in patients with solitary 
HCC before and after PSM; E and F: Kaplan-Meier survival curves of RFS in patients with solitary HCC before and after PSM. PSM: Propensity score matching; 
GPR: Gamma-glutamyl transpeptidase-to-platelet ratio; BMI: Body mass index; HR: Hazard ratio; AFP: Alpha-fetoprotein; TB: Total bilirubin; ALB: Albumin; HBV: 
Hepatitis B virus; MVI: Microvascular imaging.

Stratified and RCS analyses by GPR levels
RCS curves demonstrated that the association between continuous GPR levels and death/recurrence risks presented as a 
non-linear trend, with or without variables adjustments (P < 0.001) (Figure 5A). Per standardized difference increased in 
GPR levels were associated with a 1.29 (1.18-1.42) HR increase in OS after PSM (Table 4). Moreover, the HR for RFS of 
HCC patients after hepatectomy was positively correlated with elevated GPR level per standardized difference change 
(HR = 1.20, 95%CI: 1.11-1.31, P < 0.001) (Table 4). To verify if GPR levels could predict the prognosis of patients with 
solitary HBV-related HCC, a GPR-based risk assessment divided patients into three groups, namely the GPR > 0.2 group 
was stratified as intermedial GPR levels (0.2 < GPR ≤ 0.6) and high GPR levels (GPR > 0.6). Compared with patients at the 
bottom tercile for preoperative GPR (GPR ≤ 0.2), patients in the middle tercile had worse OS and RFS (P < 0.001) 
(Figure 5B). Moreover, those in the top tercile group had even lower OS (HR = 2.74; 95%CI: 1.98–3.81, P for trend < 0.001) 
and RFS values (HR = 2.60; 95%CI: 2.04–3.31, P for trend < 0.001) (Figure 5B and Table 4). After matching analysis, the 
triangle chart showed the correlation among the matching items in each group, and the absolute standard deviation was 
well adjusted (Figure 5C). Indeed, after PSM, intermedial GPR level was associated with worse prognosis in terms of OS 
(HR = 1.52, 95%CI: 1.08–2.14, log-rank P < 0.001) and RFS (HR = 1.69, 95%CI: 1.25–2.17, log-rank P < 0.001) (Figure 5D). 
Furthermore, high GPR levels were associated with worse prognosis of postoperative patients with HCC, including 
shorter OS (HR = 2.33, 95%CI: 1.60–3.39, P for trend < 0.001) and RFS (HR = 2.35, 95% CI: 1.77–3.13, P for trend < 0.001) 
(Figure 5D and Table 4). We detected an increased linear trend for HR in patients stratified according to their GPR levels 
(P for trend < 0.001) (Table 4). Besides, Kaplan-Meier curves of OS and RFS were statistically different among GPR-
stratified patients with or without adjusting for PSM (all P < 0.05) (Figure 5). Therefore, a high GPR level is enough to 
warrant HCC surveillance before liver resections.

Construction of prognostic nomograms
According to the univariate Cox analysis results of the variables and clinical prognosis before PSM, clinical variables that 
may be associated factors (P < 0.05) were included in the model construction. Thus, we developed two survival 
nomograms to predict OS (Figure 6A) and RFS (Figure 6B). The c-indexes of the OS and RFS nomograms were 
respectively 0.732 (95%CI: 0.669-0.795) and 0.756 (95%CI: 0.723-0.785). Moreover, calibration curves demonstrated that the 
nomograms predicted the 1-year, 3-years, and 5-years OS and RFS with a high resolution and accuracy.
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Figure 4 Subgroup analyses for gamma-glutamyl transpeptidase-to-platelet ratio level and combined analyses of gamma-glutamyl transpeptidase-to-platelet ratio levels and variables in overall survival and 
recurrence-free survival of solitary hepatitis B virus-related hepatocellular carcinoma. A: Subgroup analyses for overall survival (OS) and recurrence-free survival (RFS); B: Combined analyses with tumor size, cirrhosis, alpha-
fetoprotein (AFP), and microvascular imaging (MVI) for OS; C: Combined analyses with tumor size, cirrhosis, AFP, and MVI for RFS. GPR: Gamma-glutamyl transpeptidase-to-platelet ratio; HR: Hazard ratio; OS: Overall survival; BMI: Body mass index; 
HR: Hazard ratio; AFP: Alpha-fetoprotein; HBV: Hepatitis B virus; BCLC: Barcelona Clinic Liver Cancer; F: Female; M: Male.
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Figure 5 The association between gamma-glutamyl transpeptidase-to-platelet ratio and death/recurrence risk and Kaplan-Meier stratified 
analysis between gamma-glutamyl transpeptidase-to-platelet ratio levels and prognosis in the solitary hepatitis B virus-related 
hepatocellular carcinoma cohort. A: The restricted cubic spline curves of gamma-glutamyl transpeptidase-to-platelet ratio levels. The risk was adjusted by age, 
cirrhosis, hepatitis B virus-DNA, tumor size, microvascular imaging, and infiltrative growth; B: Kaplan-Meier survival curves of overall survival (OS) and recurrence-
free survival (RFS) in patients with solitary hepatocellular carcinoma (HCC) before propensity score matching (PSM); C: Triangle plot and absolute standardized 
differences adjustment of three groups; D: Kaplan-Meier survival curves of OS and RFS in patients with solitary HCC after PSM. OS: Overall survival; PSM: 
Propensity score matching; GPR: Gamma-glutamyl transpeptidase-to-platelet ratio; MVI: Microvascular imaging; HBV: Hepatitis B virus; BCLC: Barcelona Clinic Liver 
Cancer; BMI: Body mass index; HR: Hazard ratio; AFP: Alpha-fetoprotein.

DISCUSSION
HCC is a common malignant tumor with high recurrence rates and cancer mortality. Previous studies have found that the 
ratio of routine blood tests and liver function tests have a good predictive value on the prognosis of liver cancer. In the 
current study, we explored the value of GPR to clinical prognosis by screening early HBV-related HCC patients. GPR 
levels were higher in these patients than in those with hepatic hemangiomas, chronic hepatitis B and healthy controls. Of 
note, when the preoperative GPR cutoff value was set at 0.2, HCC patients with high GPR levels had a poorer prognosis. 
In the entire cohort, patients in the high GPR group had a significantly increased risk after hepatectomy. We used PSM to 
balance baseline and clinicopathological characteristics. This analysis corroborated the correlation between GPR levels 
and clinical prognosis for HBV-related HCC patients. Subgroup and combined analyses suggested that, low GPR levels 
had a protective effect on patient prognosis after liver resection. These findings were supported when patients were 
stratified according to GPR terciles (P for trend < 0.001). Prognostic nomograms were constructed and the calibration 
curves showed that GPR can predict the OS and RFS well. This is the first study to examine the relationship between the 
GPR and surgical outcomes in solitary HBV-related HCC patients. Our results could provide useful information for 
preoperative planning and postoperative surveillance in these patients.

In this study, multivariate analyses before and after PSM found that, in patients with a single nodule HBV-related 
HCC, the tumor diameter was associated with OS after radical resection. In addition, the tumor size, aggressive tumor 
growth, and the presence of liver cirrhosis were associated with tumor recurrence. A Korean study noted that a tumor 
size > 3 cm, and microvascular invasion were closely associated with early recurrence after liver resection for solitary 
HCC[21]. A previous study noted that cancer recurrence and long-term survival were independently associated with a 
tumor size > 5 cm in cirrhotic patients undergoing curative hepatectomy for solitary HCC without macrovascular 
invasion[22]. Besides, compared with patients who underwent curative hepatectomy without liver cirrhosis, HCC 
patients with liver cirrhosis had a 6% to 15% higher annual risk of de novo recurrence[23]. Patients with HBV-related 
HCC often have a background of liver cirrhosis, so it is particularly important to evaluate the prognosis of patients before 
surgery. Some study suggested that GPR can be a good predictor for HCC development in chronic hepatitis B patients[14,
24]. A study has demonstrated that HBV-associated HCC patients with high GPR levels had significantly poorer survival 
outcomes, regardless of the specific treatment approaches administered[25].

GGT as a cell-membrane-bound enzyme plays a crucial role in modulating the metabolic process of glutathione, 
involved in nucleic acid metabolism and carcinogenesis. Previous study suggested that serum GGT levels strongly 
predicted HCC development in patients with chronic HBV infection who underwent nucleotide/nucleoside analogues, 
particularly non-cirrhotic patients[26]. The detection of serum GGT was previously reported to be associated with the 
prognosis of HCC patients who underwent hepatectomy[27], radiofrequency-ablation[28], adjuvant transarterial 
chemoembolization[29], and liver transplantation[30]. A plausible mechanism underlying the prognostic significance of 
GPR could involve its correlation with inflammatory processes. GGT, a constituent of the GPR, serves as a biomarker for 
hepatic injury and is indicative of the ongoing inflammatory response in HCC. Elevated GGT levels have been observed 
in individuals with conditions such as hepatitis, liver fibrosis, cirrhosis, and hepatic malignancies[16]. Elevated levels of 
GGT have been significantly associated with the presence of multiple intrahepatic micrometastases and vascular invasion 
in HCC[28,30]. Certain serum inflammatory cytokines, notably tumor necrosis factor-alpha and interferon-alpha, which 
are closely associated with the prognosis of HCC, may contribute to the upregulation of GGT expression[31]. 
Furthermore, GGT participates in oxidative reactions and serves as a biomarker for oxidative stress, which is an essential 
component of numerous chronic inflammation-associated responses[32-34]. Platelets, which are anuclear cytoplasmic 
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Table 1 Preoperative clinicopathologic data of patients with solitary hepatitis B virus-related hepatocellular carcinoma

Before PSM After PSM
Variables N 

(1167) GPR ≤ 0.2 (n = 
381)

GPR > 0.2 (n = 
786)

P 
value

N 
(656) GPR ≤ 0.2 (n = 

328)
GPR > 0.2 (n = 
328)

P 
value

Sex Male 985 278 707 < 0.001 533 266 267 1

Female 182 103 79 123 62 61

Age (years) ≤ 50 654 229 425 0.059 377 196 181 0.269

> 50 513 152 361 279 132 147

Body mass index > 24 354 124 230 0.282 205 107 98 0.5

≤ 24 813 257 556 451 221 230

Smoking Yes 407 100 307 < 0.001 190 97 93 0.796

No 760 281 479 466 231 235

Drinking Yes 386 89 297 < 0.001 179 87 92 0.726

No 781 292 489 477 241 236

Diabetes mellitus Yes 59 15 44 0.284 33 15 18 0.721

No 1108 366 742 623 313 310

Hypertension Yes 114 38 76 0.953 67 33 34 1

No 1053 343 710 589 295 294

Family history of liver cancer Yes 128 41 87 0.954 72 39 33 0.532

No 1039 340 699 584 289 295

Liver flukes Yes 221 53 168 0.003 112 51 61 0.35

No 946 328 618 544 277 267

Cirrhosis Yes 587 158 429 < 0.001 280 145 135 0.477

No 580 223 357 376 183 193

Serum alpha-fetoprotein 
(ng/mL)

≥ 200 440 164 276 0.011 246 139 107 0.012

< 200 727 217 510 410 189 221

Child-Pugh A 1151 378 773 0.355 649 325 324 1

B 16 3 13 7 3 4

Barcelona Clinic Liver Cancer 
stage

0 172 65 107 0.142 103 53 50 0.83

A 995 316 679 553 275 278

Total bilirubin (μmol/L) > 20.5 128 31 97 0.04 73 28 45 0.047

≤ 20.5 1039 350 689 583 300 283

Albumin (g/L) > 40 534 223 311 < 0.001 354 184 170 0.309

≤ 40 633 158 475 302 144 158

Gamma-glutamyl 
transpeptidase (U/L)

> 50 557 18 539 < 0.001 221 18 203 < 0.001

≤ 50 610 363 247 435 310 125

Hepatitis B virus DNA (IU/mL) > 1000 521 143 378 0.001 277 126 151 0.058

≤ 1000 646 238 408 379 202 177

HBeAg status - 299 619 918 0.914 259 252 511 0.510

+ 82 167 249 69 76 145

Antiviral therapy No 265 521 786 0.264 233 221 454 0.310
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Yes 116 265 381 95 107 202

Surgical margin (cm) < 2 169 308 477 0.092 146 127 273 0.132

≥ 2 212 478 690 182 201 383

Tumor size (cm) > 5 444 113 331 < 0.001 208 103 105 0.933

≤ 5 723 268 455 448 225 223

Microvascular invasion Yes 301 86 215 0.093 152 79 73 0.644

No 866 295 571 504 249 255

Infiltrative growth Yes 438 166 272 0.004 270 137 133 0.812

No 729 215 514 386 191 195

P value: Calculated by Pearson's χ² test. PSM: Propensity score matching; GPR: Gamma-glutamyl transpeptidase-to-platelet ratio.

Table 2 Univariate and multivariate Cox-regression analyses predicting overall survival before and after propensity score matching

Before propensity matching After propensity matching
Variables Uni-HR 

(95%CI)
P 
value

Multi-HR 
(95%CI)

P 
value

Uni-HR 
(95%CI)

P 
value

Multi-HR 
(95%CI)

P 
value

Sex (male/female) 1.44 (1.01-2.05) 0.043 1.3 (0.9-1.87) 0.159 1.22 (0.79-1.87) 0.364

Age (years) (> 50/≤ 50) 1.02 (0.81-1.29) 0.85 0.86 (0.63-1.19) 0.362

Body mass index (> 24/≤ 24) 1.16 (0.9-1.49) 0.255 1.25 (0.88-1.79) 0.218

Smoking (yes/no) 1.05 (0.83-1.34) 0.672 1.04 (0.74-1.48) 0.81

Drinking (yes/no) 0.9 (0.7-1.15) 0.412 0.85 (0.59-1.23) 0.388

Diabetes mellitus (yes/no) 0.75 (0.4-1.41) 0.372 0.46 (0.15-1.45) 0.186

Hypertension (yes/no) 0.82 (0.54-1.24) 0.345 0.66 (0.36-1.23) 0.192

Family cases (yes/no) 0.79 (0.53-1.17) 0.234 0.61 (0.34-1.1) 0.098

Liver flukes (yes/no) 0.88 (0.65-1.19) 0.392 0.75 (0.47-1.18) 0.214

Cirrhosis (yes/no) 1.21 (0.96-1.53) 0.1 1.24 (0.9-1.71) 0.18

Child-Pugh (B/A) 2.16 (1.07-4.36) 0.032 1.78 (0.87-3.63) 0.115 1.34 (0.33-5.42) 0.679

Barcelona Clinic Liver Cancer stage (A/0) 1.93 (1.31-2.83) < 0.001 1.51 (1-2.26) 0.048 2.03 (1.19-3.45) 0.009 1.64 (0.94-2.86) 0.082

Total bilirubin (μmol/L) (> 20.5/≤ 20.5) 0.85 (0.6-1.21) 0.37 0.9 (0.55-1.45) 0.651

Albumin (g/L) (> 40/≤ 40) 1.35 (1.07-1.71) 0.012 1.16 (0.91-1.48) 0.229 1.2 (0.87-1.65) 0.26

Alpha-fetoprotein (ng/mL) (≥ 200/< 200) 1.38 (1.09-1.74) 0.006 1.35 (1.06-1.72) 0.013 1.37 (0.99-1.89) 0.055

Hepatitis B virus DNA (IU/mL) (> 
1000/≤ 1000)

0.73 (0.58-0.92) 0.008 0.83 (0.66-1.05) 0.123 0.72 (0.52-0.99) 0.042 0.82 (0.59-1.12) 0.213

Tumor size (cm) (≤ 5/> 5) 0.57 (0.46-0.72) < 0.001 0.74 (0.57-0.95) 0.019 0.6 (0.43-0.82) 0.002 0.66 (0.48-0.93) 0.017

Microvascular invasion (yes/no) 1.55 (1.21-1.99) < 0.001 1.19 (0.92-1.55) 0.186 1.2 (0.83-1.74) 0.322

Infiltrative growth (yes/no) 1.29 (1.02-1.63) 0.032 1.35 (1.06-1.7) 0.014 1.2 (0.87-1.65) 0.272

Gamma-glutamyl transpeptidase-to-
platelet ratio 
(≤ 0.2/> 0.2)

0.48 (0.36-0.64) < 0.001 0.52 (0.39-0.69) < 0.001 0.49 (0.35-0.69) < 0.001 0.5 (0.36-0.7) < 0.001

Uni-HR: Hazard ratio for univariable Cox-regression analyses; Multi-HR: Hazard ratio for multivariable Cox-regression analyses.

fragments derived from bone marrow megakaryocytes, serve as critical agents in hemostasis. Upon vascular injury, they 
swiftly accumulate at the site of damage and discharge granule contents, including platelet-activating factors, to facilitate 
thrombus formation[35]. Additionally, platelets are implicated in multiple stages of tumorigenesis, including the 
promotion of tumor growth, intravasation of tumor cells, and metastatic spread. Furthermore, their ability to secrete 
substantial amounts of microparticles and exosomes is crucial for orchestrating effective communication between the 
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Table 3 Univariate and multivariate Cox-regression analyses predicting recurrence-free survival before and after propensity score 
matching

Before propensity matching After propensity matching
Variables Uni-HR 

(95%CI)
P 
value

Multi-HR 
(95%CI)

P 
value

Uni-HR 
(95%CI)

P 
value

Multi-HR 
(95%CI)

P 
value

Sex (male/female) 1.32 (1.03-1.69) 0.028 1.19 (0.92-1.54) 0.176 1.09 (0.8-1.49) 0.574

Age (years) (> 50/≤ 50) 1.03 (0.87-1.22) 0.756 0.93 (0.73-1.19) 0.575

Body mass index (> 24/≤ 24) 1.13 (0.94-1.36) 0.185 1 (0.77-1.29) 0.989

Smoking (yes/no) 1.11 (0.93-1.32) 0.244 1.01 (0.78-1.31) 0.93

Drinking (yes/no) 1 (0.84-1.2) 0.972 0.85 (0.64-1.11) 0.23

Diabetes mellitus (yes/no) 1.4 (0.98-2) 0.067 1.22 (0.71-2.1) 0.461

Hypertension (yes/no) 0.81 (0.6-1.09) 0.165 0.83 (0.54-1.26) 0.38

Family cases (yes/no) 0.89 (0.68-1.16) 0.384 0.76 (0.51-1.14) 0.192

Liver flukes (yes/no) 1.14 (0.93-1.4) 0.204 1.01 (0.74-1.38) 0.945

Cirrhosis (yes/no) 1.27 (1.08-1.5) 0.005 1.25 (1.05-1.49) 0.012 1.3 (1.03-1.65) 0.03 1.33 (1.04-1.68) 0.021

Child-Pugh (B/A) 1.08 (0.54-2.18) 0.823 1.01 (0.32-3.14) 0.99

Barcelona Clinic Liver Cancer stage (A/0) 1.4 (1.09-1.8) 0.008 1.14 (0.87-1.49) 0.348 1.39 (0.98-1.97) 0.061

Total bilirubin (μmol/L) (> 20.5/≤ 20.5) 0.87 (0.67-1.13) 0.292 0.85 (0.6-1.22) 0.386

Albumin (g/L) (> 40/≤ 40) 1.36 (1.15-1.61) < 0.001 1.17 (0.98-1.4) 0.084 1.21 (0.96-1.54) 0.112

Alpha-fetoprotein (ng/mL) (≥ 200/< 200) 1.31 (1.1-1.55) 0.002 1.29 (1.08-1.54) 0.005 1.22 (0.96-1.55) 0.111

Hepatitis B virus DNA (IU/mL) (> 1000/≤ 
1000)

0.8 (0.68-0.95) 0.009 0.9 (0.76-1.06) 0.214 0.76 (0.6-0.96) 0.023 0.8 (0.63-1.02) 0.067

Tumor size (cm) (≤ 5/> 5) 0.6 (0.51-0.71) < 0.001 0.67 (0.55-0.81) < 0.001 0.79 (0.62-1.02) 0.07

Microvascular invasion (yes/no) 1.4 (1.16-1.68) < 0.001 1.1 (0.9-1.33) 0.359 1.18 (0.9-1.56) 0.233

Infiltrative growth (yes/no) 1.24 (1.05-1.47) 0.013 1.28 (1.08-1.53) 0.005 1.24 (0.97-1.57) 0.082

Gamma-glutamyl transpeptidase-to-platelet 
ratio (≤ 0.2/> 0.2)

0.49 (0.4-0.6) < 0.001 0.53 (0.43-0.65) < 0.001 0.56 (0.44-0.71) < 0.001 0.57 (0.44-0.73) < 0.001

Uni-HR: Hazard ratio for univariable Cox-regression analyses; Multi-HR: Hazard ratio for multivariable Cox-regression analyses.

Table 4 Stratified analysis between gamma-glutamyl transpeptidase-to-platelet ratio levels and prognosis in the solitary hepatitis B 
virus-related hepatocellular carcinoma

Before propensity matching After propensity matching
Variables

OS-HR (95%CI) P value RFS-HR (95%CI) P value OS-HR (95%CI) P value RFS-HR (95%CI) P value

As continuous 1.12 (1.04-1.20) 0.002 1.11 (1.06-1.17) < 0.001 1.29 (1.18-1.42) < 0.001 1.20 (1.11-1.31) < 0.001

By GPR cut-off

GPR ≤ 0.2

GPR > 0.2 2.07 (1.56-2.74) < 0.001 2.05 (1.68-2.51) < 0.001 2.04 (1.46-2.84) < 0.001 1.79 (1.40-2.28) < 0.001

By GPR tercile

Bottom (≤ 0.2)

Middle (> 0.2, ≤ 0.6) 1.81 (1.35-2.44) < 0.001 1.85 (1.50-2.29) < 0.001 1.52 (1.08-2.14) 0.017 1.69 (1.25-2.17) < 0.001

Top (> 0.6) 2.74 (1.98-3.81) < 0.001 2.60 (2.04-3.31) < 0.001 2.33 (1.60-3.39) < 0.001 2.35 (1.77-3.13) < 0.001

P for trend1 < 0.001 < 0.001 < 0.001 < 0.001

By interquartile
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Q1

Q2 1.42 (0.98-2.06) 0.061 1.43 (1.10-1.86) < 0.001 0.75 (0.43-1.28) 0.288 0.88 (0.60-1.29) 0.514

Q3 1.72 (1.20-2.46) 0.003 1.74 (1.35-2.24) < 0.001 1.45 (0.90-2.34) 0.125 1.58 (1.12-2.23) 0.009

Q4 2.34 (1.66-3.29) < 0.001 2.29 (1.79-2.93) < 0.001 2.08 (1.33-3.24) 0.001 1.79 (1.27-2.51) 0.001

P for trend1 < 0.001 < 0.001 < 0.001 < 0.001

1Test for trend based on variable containing median value for each classification.
HR: Hazard ratio; OS: Overall survival; RFS: Recurrence-free survival; GPR: Gamma-glutamyl transpeptidase-to-platelet ratio.

Figure 6 Prognostic nomograms for solitary hepatitis B virus-related hepatocellular carcinoma. A: Nomogram plot and calibration curves for 
overall survival; B: Nomogram plot and calibration curves for recurrence-free survival. AFP: Alpha-fetoprotein; HBV: Hepatitis B virus; MVI: Microvascular imaging; 
BCLC: Barcelona Clinic Liver Cancer; GPR: Gamma-glutamyl transpeptidase-to-platelet ratio; RFS: Recurrence-free survival; OS: Overall survival; F: Female; M: 
Male.
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tumor and its host environment[36,37]. A study has explored the correlation between the GPR and inflammation-related 
signaling pathways, revealing that the expression of p38 mitogen-activated protein kinase exhibited a significant negative 
correlation with both the GPR and GGT[38]. In the present study, we explored the association of preoperative GPR and 
the prognosis of patients with single-lesion HBV-related HCC. First, we compared the enrolled subjects with the control 
group in different physiological states. The results showed that the GPR level of HCC patients was at the same level as 
that of post-hepatitis cirrhosis patients, and was at a high level compared with healthy subjects and patients with benign 
liver diseases. The above findings can more intuitively show the evaluation of the prognostic value of GPR level. We set a 
GPR cutoff value of 0.2 to distinguish the above-mentioned patients into high-risk and low-risk groups. After adjusting 
for baseline characteristics by PSM, HCC patients who underwent hepatectomy had a poor OS and elevated RFS rate 
when their preoperative GPR was > 0.2. Previously published studies[15,25,39,40] found that an increased GPR was 
associated with the prognosis of HCC patients, but the cutoff values varied widely, ranging from 0.3 to 0.84. These 
differences could be explained by different inclusion and exclusion criteria, differences in tumor staging, and background 
of liver cirrhosis and hepatitis. Indeed, some researchers have shown that GPR levels have a good prognostic value in 
HCC patients[41-43], even in AFP-negative HCC[44]. In this study, through subgroup and stratification analyses, we 
confirmed that a low preoperative GPR level predicts a good prognosis for HCC patients. Therefore, GPR may be a good 
noninvasive index to guide clinician decision-making.

Although preoperative GPR levels were shown to accurately predict surgical outcomes in patients with HBV-related 
HCC, the present study has several limitations. First, data were collected from one center in a confined area where HBV is 
prevalent, and only patients with solitary HCC who received curative resection were included. Although the sample size 
was modest and potential selection bias should be considered in subsequent analyses, further external validation by 
multicenter, large-sample, prospective studies is essential to determine the robustness of our findings in different patient 
populations. Our study is still unclear about the mechanisms linking GPR levels to tumor progression. Further research 
could provide additional insights to better understand the role of GPR in HCC progression. This study has preliminarily 
illuminated the role of GPR in predicting outcomes for HCC patients undergoing liver resection; the relationship between 
various noninvasive blood fibrosis indices and postoperative outcomes warrants further investigation. Moreover, it is 
unclear if preoperative GPR is useful for HCV-related HCC or nonalcoholic fatty liver disease-related HCC patients 
receiving radical resection.

CONCLUSION
GPR levels before surgery can be used as a new indicator to predict surgical outcomes in patients with solitary HBV-
related HCC. This is a potentially helpful tool to monitor the recurrence and OS in clinical practice. A prognostic risk 
stratification based on GPR can objectively and accurately predict the postoperative prognosis of HCC patients. 
Therefore, preoperative GPR levels can be used for recurrence monitoring and treatment strategy based on risk strati-
fication, and may contribute to improve the quality of life of solitary nodule HCC patients.

FOOTNOTES
Author contributions: Yang CK and Peng T designed the study; Yang CK, Wei ZL, Shen XQ, Jia YX, and Wu QY performed research; 
Yang CK, Wei ZL, Shen XQ, Jia YX, Wu QY and Wei XL provided sample collection and clinical support; Yang CK, Wei YG, Su H, Liao 
XW, Zhu GZ and Qin W contributed to data interpretation; Yang CK and Wei ZL wrote the manuscript; Peng T critically revised the 
manuscript and participated in the analysis and interpretation of the data; all of the authors read and approved the final version of the 
manuscript to be published.

Supported by The National Natural Science Foundation of China, No. 81560535, No. 81802874 and No. 81072321; and The Self-funded 
Scientific Research Project of Health Commission in Guangxi Zhuang Autonomous Region, China, No. Z20210977.

Institutional review board statement: This study was approved by The Ethics Committee of The First Affiliated Hospital of Guangxi 
Medical University, China.

Informed consent statement: All participants signed written informed consent before study commencement.

Conflict-of-interest statement: The authors declare that the research was conducted in the absence of any commercial or financial 
relationships that could be construed as a potential conflict of interest.

Data sharing statement: The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.

STROBE statement: The authors have read the STROBE Statement-checklist of items, and the manuscript was prepared and revised 
according to the STROBE Statement-checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 



Yang CK et al. GPR associated prognosis of HCC

WJGO https://www.wjgnet.com 4595 December 15, 2024 Volume 16 Issue 12

original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: China

ORCID number: Cheng-Kun Yang 0000-0001-6109-7334; Hao Su 0000-0003-2291-6071; Wei Qin 0000-0002-0512-6361; Xi-Wen Liao 0000-0002-
1724-1463; Guang-Zhi Zhu 0000-0001-5958-7289; Tao Peng 0000-0001-6133-7078.

S-Editor: Luo ML 
L-Editor: A 
P-Editor: Zhang L

REFERENCES
1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and 

mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018; 68: 394-424 [PMID: 30207593 DOI: 10.3322/caac.21492]
2 El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. Gastroenterology 2007; 132: 2557-2576 

[PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]
3 Bruix J, Reig M, Sherman M. Evidence-Based Diagnosis, Staging, and Treatment of Patients With Hepatocellular Carcinoma. 

Gastroenterology 2016; 150: 835-853 [PMID: 26795574 DOI: 10.1053/j.gastro.2015.12.041]
4 El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365: 1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
5 European Association for the Study of the Liver. EASL clinical practice guidelines: Management of chronic hepatitis B virus infection. J 

Hepatol 2012; 57: 167-185 [PMID: 22436845 DOI: 10.1016/j.jhep.2012.02.010]
6 Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cirrhosis: incidence and risk factors. Gastroenterology 2004; 127: 

S35-S50 [PMID: 15508101 DOI: 10.1053/j.gastro.2004.09.014]
7 Raza A, Sood GK. Hepatocellular carcinoma review: current treatment, and evidence-based medicine. World J Gastroenterol 2014; 20: 4115-

4127 [PMID: 24764650 DOI: 10.3748/wjg.v20.i15.4115]
8 Grazi GL, Ercolani G, Pierangeli F, Del Gaudio M, Cescon M, Cavallari A, Mazziotti A. Improved results of liver resection for hepatocellular 

carcinoma on cirrhosis give the procedure added value. Ann Surg 2001; 234: 71-78 [PMID: 11420485 DOI: 
10.1097/00000658-200107000-00011]

9 Lim KC, Chow PK, Allen JC, Siddiqui FJ, Chan ES, Tan SB. Systematic review of outcomes of liver resection for early hepatocellular 
carcinoma within the Milan criteria. Br J Surg 2012; 99: 1622-1629 [PMID: 23023956 DOI: 10.1002/bjs.8915]

10 Kim M, Lee Y, Yoon JS, Lee M, Kye SS, Kim SW, Cho Y. The FIB-4 Index Is a Useful Predictor for the Development of Hepatocellular 
Carcinoma in Patients with Coexisting Nonalcoholic Fatty Liver Disease and Chronic Hepatitis B. Cancers (Basel) 2021; 13: 2301 [PMID: 
34064988 DOI: 10.3390/cancers13102301]

11 Maegawa FB, Shehorn L, Aziz H, Kettelle J, Jie T, Riall TS. Association Between Noninvasive Fibrosis Markers and Postoperative Mortality 
After Hepatectomy for Hepatocellular Carcinoma. JAMA Netw Open 2019; 2: e187142 [PMID: 30657533 DOI: 
10.1001/jamanetworkopen.2018.7142]

12 Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL, O'Beirne J, Fox R, Skowronska A, Palmer D, Yeo W, Mo F, Lai P, 
Iñarrairaegui M, Chan SL, Sangro B, Miksad R, Tada T, Kumada T, Toyoda H. Assessment of liver function in patients with hepatocellular 
carcinoma: a new evidence-based approach-the ALBI grade. J Clin Oncol 2015; 33: 550-558 [PMID: 25512453 DOI: 
10.1200/JCO.2014.57.9151]

13 Lemoine M, Shimakawa Y, Nayagam S, Khalil M, Suso P, Lloyd J, Goldin R, Njai HF, Ndow G, Taal M, Cooke G, D'Alessandro U, Vray M, 
Mbaye PS, Njie R, Mallet V, Thursz M. The gamma-glutamyl transpeptidase to platelet ratio (GPR) predicts significant liver fibrosis and 
cirrhosis in patients with chronic HBV infection in West Africa. Gut 2016; 65: 1369-1376 [PMID: 26109530 DOI: 
10.1136/gutjnl-2015-309260]

14 Park YE, Kim BK, Park JY, Kim DY, Ahn SH, Han KH, Han S, Jeon MY, Heo JY, Song K, Kim SU. Gamma-glutamyl transpeptidase-to-
platelet ratio is an independent predictor of hepatitis B virus-related liver cancer. J Gastroenterol Hepatol 2017; 32: 1221-1229 [PMID: 
27859587 DOI: 10.1111/jgh.13653]

15 Dai T, Deng M, Ye L, Liu R, Lin G, Chen X, Li H, Liu W, Yang Y, Chen G, Wang G. Prognostic value of combined preoperative gamma-
glutamyl transpeptidase to platelet ratio and fibrinogen in patients with HBV-related hepatocellular carcinoma after hepatectomy. Am J Transl 
Res 2020; 12: 2984-2997 [PMID: 32655824]

16 Zhang Y, Jin F, Wu Y, Wang B, Xie J, Li Y, Pan Y, Liu Z, Shen W. Prognostic impact of gamma-glutamyl transpeptidase to platelets ratio on 
hepatocellular carcinoma patients who have undergone surgery: a meta-analysis and systematic review. Eur J Gastroenterol Hepatol 2023; 35: 
803-811 [PMID: 37395231 DOI: 10.1097/MEG.0000000000002572]

17 Zhou J, Sun H, Wang Z, Cong W, Zeng M, Zhou W, Bie P, Liu L, Wen T, Kuang M, Han G, Yan Z, Wang M, Liu R, Lu L, Ren Z, Zeng Z, 
Liang P, Liang C, Chen M, Yan F, Wang W, Hou J, Ji Y, Yun J, Bai X, Cai D, Chen W, Chen Y, Cheng W, Cheng S, Dai C, Guo W, Guo Y, 
Hua B, Huang X, Jia W, Li Q, Li T, Li X, Li Y, Li Y, Liang J, Ling C, Liu T, Liu X, Lu S, Lv G, Mao Y, Meng Z, Peng T, Ren W, Shi H, Shi 
G, Shi M, Song T, Tao K, Wang J, Wang K, Wang L, Wang W, Wang X, Wang Z, Xiang B, Xing B, Xu J, Yang J, Yang J, Yang Y, Yang Y, 
Ye S, Yin Z, Zeng Y, Zhang B, Zhang B, Zhang L, Zhang S, Zhang T, Zhang Y, Zhao M, Zhao Y, Zheng H, Zhou L, Zhu J, Zhu K, Liu R, Shi 
Y, Xiao Y, Zhang L, Yang C, Wu Z, Dai Z, Chen M, Cai J, Wang W, Cai X, Li Q, Shen F, Qin S, Teng G, Dong J, Fan J. Guidelines for the 
Diagnosis and Treatment of Primary Liver Cancer (2022 Edition). Liver Cancer 2023; 12: 405-444 [PMID: 37901768 DOI: 
10.1159/000530495]

18 Ke MY, Zhang M, Su Q, Wei S, Zhang J, Wang Y, Wu R, Lv Y. Gamma-glutamyl transpeptidase to platelet ratio predicts short-term outcomes 
in hepatocellular carcinoma patients undergoing minor liver resection. J Surg Res 2018; 231: 403-410 [PMID: 30278960 DOI: 
10.1016/j.jss.2018.05.049]
Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for biomarker assessment and outcome-based cut-point 19

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-6109-7334
http://orcid.org/0000-0001-6109-7334
http://orcid.org/0000-0003-2291-6071
http://orcid.org/0000-0003-2291-6071
http://orcid.org/0000-0002-0512-6361
http://orcid.org/0000-0002-0512-6361
http://orcid.org/0000-0002-1724-1463
http://orcid.org/0000-0002-1724-1463
http://orcid.org/0000-0002-1724-1463
http://orcid.org/0000-0001-5958-7289
http://orcid.org/0000-0001-5958-7289
http://orcid.org/0000-0001-6133-7078
http://orcid.org/0000-0001-6133-7078
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/17570226
https://dx.doi.org/10.1053/j.gastro.2007.04.061
http://www.ncbi.nlm.nih.gov/pubmed/26795574
https://dx.doi.org/10.1053/j.gastro.2015.12.041
http://www.ncbi.nlm.nih.gov/pubmed/21992124
https://dx.doi.org/10.1056/NEJMra1001683
http://www.ncbi.nlm.nih.gov/pubmed/22436845
https://dx.doi.org/10.1016/j.jhep.2012.02.010
http://www.ncbi.nlm.nih.gov/pubmed/15508101
https://dx.doi.org/10.1053/j.gastro.2004.09.014
http://www.ncbi.nlm.nih.gov/pubmed/24764650
https://dx.doi.org/10.3748/wjg.v20.i15.4115
http://www.ncbi.nlm.nih.gov/pubmed/11420485
https://dx.doi.org/10.1097/00000658-200107000-00011
http://www.ncbi.nlm.nih.gov/pubmed/23023956
https://dx.doi.org/10.1002/bjs.8915
http://www.ncbi.nlm.nih.gov/pubmed/34064988
https://dx.doi.org/10.3390/cancers13102301
http://www.ncbi.nlm.nih.gov/pubmed/30657533
https://dx.doi.org/10.1001/jamanetworkopen.2018.7142
http://www.ncbi.nlm.nih.gov/pubmed/25512453
https://dx.doi.org/10.1200/JCO.2014.57.9151
http://www.ncbi.nlm.nih.gov/pubmed/26109530
https://dx.doi.org/10.1136/gutjnl-2015-309260
http://www.ncbi.nlm.nih.gov/pubmed/27859587
https://dx.doi.org/10.1111/jgh.13653
http://www.ncbi.nlm.nih.gov/pubmed/32655824
http://www.ncbi.nlm.nih.gov/pubmed/37395231
https://dx.doi.org/10.1097/MEG.0000000000002572
http://www.ncbi.nlm.nih.gov/pubmed/37901768
https://dx.doi.org/10.1159/000530495
http://www.ncbi.nlm.nih.gov/pubmed/30278960
https://dx.doi.org/10.1016/j.jss.2018.05.049


Yang CK et al. GPR associated prognosis of HCC

WJGO https://www.wjgnet.com 4596 December 15, 2024 Volume 16 Issue 12

optimization. Clin Cancer Res 2004; 10: 7252-7259 [PMID: 15534099 DOI: 10.1158/1078-0432.CCR-04-0713]
20 Lee J, Little TD. A practical guide to propensity score analysis for applied clinical research. Behav Res Ther 2017; 98: 76-90 [PMID: 

28153337 DOI: 10.1016/j.brat.2017.01.005]
21 Jung SM, Kim JM, Choi GS, Kwon CHD, Yi NJ, Lee KW, Suh KS, Joh JW. Characteristics of Early Recurrence After Curative Liver 

Resection for Solitary Hepatocellular Carcinoma. J Gastrointest Surg 2019; 23: 304-311 [PMID: 30215196 DOI: 10.1007/s11605-018-3927-2]
22 Liang BY, Gu J, Xiong M, Zhang EL, Zhang ZY, Chen XP, Huang ZY. Tumor size may influence the prognosis of solitary hepatocellular 

carcinoma patients with cirrhosis and without macrovascular invasion after hepatectomy. Sci Rep 2021; 11: 16343 [PMID: 34381132 DOI: 
10.1038/s41598-021-95835-5]

23 Sasaki K, Shindoh J, Margonis GA, Nishioka Y, Andreatos N, Sekine A, Hashimoto M, Pawlik TM. Effect of Background Liver Cirrhosis on 
Outcomes of Hepatectomy for Hepatocellular Carcinoma. JAMA Surg 2017; 152: e165059 [PMID: 28052155 DOI: 
10.1001/jamasurg.2016.5059]

24 Zhu YF, Tan YF, Xu X, Zheng JL, Zhang BH, Tang HR, Yang JY. Gamma-glutamyl transpeptidase-to-platelet ratio and the fibrosis-4 index in 
predicting hepatitis B virus-related hepatocellular carcinoma development in elderly chronic hepatitis B patients in China: A single-center 
retrospective study. Medicine (Baltimore) 2019; 98: e18319 [PMID: 31852119 DOI: 10.1097/MD.0000000000018319]

25 Pang Q, Bi JB, Wang ZX, Xu XS, Qu K, Miao RC, Chen W, Zhou YY, Liu C. Simple models based on gamma-glutamyl transpeptidase and 
platelets for predicting survival in hepatitis B-associated hepatocellular carcinoma. Onco Targets Ther 2016; 9: 2099-2109 [PMID: 27110127 
DOI: 10.2147/OTT.S101465]

26 Huang CF, Jang TY, Jun DW, Ahn SB, An J, Enomoto M, Takahashi H, Ogawa E, Yoon E, Jeong SW, Shim JJ, Jeong JY, Kim SE, Oh H, 
Kim HS, Cho YK, Kozuka R, Inoue K, Cheung KS, Mak LY, Huang JF, Dai CY, Yuen MF, Nguyen MH, Yu ML. On-treatment gamma-
glutamyl transferase predicts the development of hepatocellular carcinoma in chronic hepatitis B patients. Liver Int 2022; 42: 59-68 [PMID: 
34687130 DOI: 10.1111/liv.15085]

27 Long G, Shen J, Zhou L. A-G Score Associated With Outcomes in Solitary Hepatocellular Carcinoma Patients After Hepatectomy. Front 
Oncol 2020; 10: 1286 [PMID: 32850396 DOI: 10.3389/fonc.2020.01286]

28 Ma H, Zhang L, Tang B, Wang Y, Chen R, Zhang B, Chen Y, Ge N, Wang Y, Gan Y, Ye S, Ren Z. γ-Glutamyltranspeptidase is a prognostic 
marker of survival and recurrence in radiofrequency-ablation treatment of hepatocellular carcinoma. Ann Surg Oncol 2014; 21: 3084-3089 
[PMID: 24748164 DOI: 10.1245/s10434-014-3724-4]

29 Guo J, Liu S, Gao S, Kou F, Zhang X, Liu P, Yang R, Zhu X. γ-Glutamyltranspeptidase as a Prognostic Biomarker in Advanced 
Hepatocellular Carcinoma Treated with Transarterial Chemoembolization. J Vasc Interv Radiol 2021; 32: 419-428 [PMID: 33067120 DOI: 
10.1016/j.jvir.2020.07.020]

30 Fu SJ, Zhao Q, Ji F, Chen MG, Wu LW, Ren QQ, Guo ZY, He XS. Elevated Preoperative Serum Gamma-glutamyltranspeptidase Predicts 
Poor Prognosis for Hepatocellular Carcinoma after Liver Transplantation. Sci Rep 2016; 6: 28835 [PMID: 27381639 DOI: 10.1038/srep28835]

31 Carr BI, Akkiz H, Bag HG, Karaoğullarından U, Yalçın K, Ekin N, Özakyol A, Altıntaş E, Balaban HY, Şimşek H, Uyanıkoğlu A, Balkan A, 
Kuran S, Üsküdar O, Ülger Y, Güney B, Delik A. Serum levels of gamma-glutamyl transpeptidase in relation to HCC human biology and 
prognosis. J Transl Sci 2021; 7: 10.15761/jts.1000446 [PMID: 34540270 DOI: 10.15761/jts.1000446]

32 Lee DS, Evans JC, Robins SJ, Wilson PW, Albano I, Fox CS, Wang TJ, Benjamin EJ, D'Agostino RB, Vasan RS. Gamma glutamyl transferase 
and metabolic syndrome, cardiovascular disease, and mortality risk: the Framingham Heart Study. Arterioscler Thromb Vasc Biol 2007; 27: 
127-133 [PMID: 17095717 DOI: 10.1161/01.ATV.0000251993.20372.40]

33 Lee DH, Jacobs DR Jr. Association between serum gamma-glutamyltransferase and C-reactive protein. Atherosclerosis 2005; 178: 327-330 
[PMID: 15694941 DOI: 10.1016/j.atherosclerosis.2004.08.027]

34 Pleiner J, Mittermayer F, Schaller G, Marsik C, MacAllister RJ, Wolzt M. Inflammation-induced vasoconstrictor hyporeactivity is caused by 
oxidative stress. J Am Coll Cardiol 2003; 42: 1656-1662 [PMID: 14607455 DOI: 10.1016/j.jacc.2003.06.002]

35 Smyth SS, McEver RP, Weyrich AS, Morrell CN, Hoffman MR, Arepally GM, French PA, Dauerman HL, Becker RC; 2009 Platelet 
Colloquium Participants. Platelet functions beyond hemostasis. J Thromb Haemost 2009; 7: 1759-1766 [PMID: 19691483 DOI: 
10.1111/j.1538-7836.2009.03586.x]

36 Schlesinger M. Role of platelets and platelet receptors in cancer metastasis. J Hematol Oncol 2018; 11: 125 [PMID: 30305116 DOI: 
10.1186/s13045-018-0669-2]

37 Haemmerle M, Stone RL, Menter DG, Afshar-Kharghan V, Sood AK. The Platelet Lifeline to Cancer: Challenges and Opportunities. Cancer 
Cell 2018; 33: 965-983 [PMID: 29657130 DOI: 10.1016/j.ccell.2018.03.002]

38 Luo D, Li H, Hu J, Zhang M, Zhang S, Wu L, Han B. Development and Validation of Nomograms Based on Gamma-Glutamyl Transpeptidase 
to Platelet Ratio for Hepatocellular Carcinoma Patients Reveal Novel Prognostic Value and the Ratio Is Negatively Correlated With P38MAPK 
Expression. Front Oncol 2020; 10: 548744 [PMID: 33344225 DOI: 10.3389/fonc.2020.548744]

39 Wang WL, Zheng XL, Zhang ZY, Zhou Y, Hao J, Tang G, Li O, Xiang JX, Wu Z, Wang B. Preoperative γ-glutamyl transpeptidase to platelet 
ratio (GPR) is an independent prognostic factor for HBV-related hepatocellular carcinoma after curative hepatic resection. Medicine 
(Baltimore) 2016; 95: e4087 [PMID: 27399101 DOI: 10.1097/MD.0000000000004087]

40 Yang D, Wu H, Nong W, Zheng M, Li A, Wang Y, Li M, Chen Q, Yuan S, Yu J, Liao W. A new model based on gamma-glutamyl 
transpeptidase to platelet ratio (GPR) predicts prognostic outcome after curative resection of solitary hepatocellular carcinoma. Clin Res 
Hepatol Gastroenterol 2021; 45: 101509 [PMID: 33744828 DOI: 10.1016/j.clinre.2020.07.014]

41 Zhang J, Wang T, Xu L, Wang P, Zhang M, Xu M. Development and validation of a prognostic model based on the albumin-to-fibrinogen 
ratio (AFR) and gamma-glutamyl transpeptidase-to-platelet ratio (GPR) in hepatocellular carcinoma patients. Clin Chim Acta 2020; 511: 107-
116 [PMID: 33035501 DOI: 10.1016/j.cca.2020.09.038]

42 Gu Y, Zheng F, Zhang Y, Qiao S. Novel Nomogram Based on Inflammatory Markers for the Preoperative Prediction of Microvascular 
Invasion in Solitary Primary Hepatocellular Carcinoma. Cancer Manag Res 2022; 14: 895-907 [PMID: 35256861 DOI: 
10.2147/CMAR.S346976]

43 Wu W, Wang Q, Han D, Li J, Nie Y, Guo D, Yang L, Tao K, Zhang X, Dou K. Prognostic value of preoperative inflammatory markers in 
patients with hepatocellular carcinoma who underwent curative resection. Cancer Cell Int 2021; 21: 500 [PMID: 34535132 DOI: 
10.1186/s12935-021-02204-3]

44 Huang L, Mo Z, Hu Z, Zhang L, Qin S, Qin X, Li S. Diagnostic value of fibrinogen to prealbumin ratio and gamma-glutamyl transpeptidase to 
platelet ratio in the progression of AFP-negative hepatocellular carcinoma. Cancer Cell Int 2020; 20: 77 [PMID: 32190001 DOI: 
10.1186/s12935-020-1161-y]

http://www.ncbi.nlm.nih.gov/pubmed/15534099
https://dx.doi.org/10.1158/1078-0432.CCR-04-0713
http://www.ncbi.nlm.nih.gov/pubmed/28153337
https://dx.doi.org/10.1016/j.brat.2017.01.005
http://www.ncbi.nlm.nih.gov/pubmed/30215196
https://dx.doi.org/10.1007/s11605-018-3927-2
http://www.ncbi.nlm.nih.gov/pubmed/34381132
https://dx.doi.org/10.1038/s41598-021-95835-5
http://www.ncbi.nlm.nih.gov/pubmed/28052155
https://dx.doi.org/10.1001/jamasurg.2016.5059
http://www.ncbi.nlm.nih.gov/pubmed/31852119
https://dx.doi.org/10.1097/MD.0000000000018319
http://www.ncbi.nlm.nih.gov/pubmed/27110127
https://dx.doi.org/10.2147/OTT.S101465
http://www.ncbi.nlm.nih.gov/pubmed/34687130
https://dx.doi.org/10.1111/liv.15085
http://www.ncbi.nlm.nih.gov/pubmed/32850396
https://dx.doi.org/10.3389/fonc.2020.01286
http://www.ncbi.nlm.nih.gov/pubmed/24748164
https://dx.doi.org/10.1245/s10434-014-3724-4
http://www.ncbi.nlm.nih.gov/pubmed/33067120
https://dx.doi.org/10.1016/j.jvir.2020.07.020
http://www.ncbi.nlm.nih.gov/pubmed/27381639
https://dx.doi.org/10.1038/srep28835
http://www.ncbi.nlm.nih.gov/pubmed/34540270
https://dx.doi.org/10.15761/jts.1000446
http://www.ncbi.nlm.nih.gov/pubmed/17095717
https://dx.doi.org/10.1161/01.ATV.0000251993.20372.40
http://www.ncbi.nlm.nih.gov/pubmed/15694941
https://dx.doi.org/10.1016/j.atherosclerosis.2004.08.027
http://www.ncbi.nlm.nih.gov/pubmed/14607455
https://dx.doi.org/10.1016/j.jacc.2003.06.002
http://www.ncbi.nlm.nih.gov/pubmed/19691483
https://dx.doi.org/10.1111/j.1538-7836.2009.03586.x
http://www.ncbi.nlm.nih.gov/pubmed/30305116
https://dx.doi.org/10.1186/s13045-018-0669-2
http://www.ncbi.nlm.nih.gov/pubmed/29657130
https://dx.doi.org/10.1016/j.ccell.2018.03.002
http://www.ncbi.nlm.nih.gov/pubmed/33344225
https://dx.doi.org/10.3389/fonc.2020.548744
http://www.ncbi.nlm.nih.gov/pubmed/27399101
https://dx.doi.org/10.1097/MD.0000000000004087
http://www.ncbi.nlm.nih.gov/pubmed/33744828
https://dx.doi.org/10.1016/j.clinre.2020.07.014
http://www.ncbi.nlm.nih.gov/pubmed/33035501
https://dx.doi.org/10.1016/j.cca.2020.09.038
http://www.ncbi.nlm.nih.gov/pubmed/35256861
https://dx.doi.org/10.2147/CMAR.S346976
http://www.ncbi.nlm.nih.gov/pubmed/34535132
https://dx.doi.org/10.1186/s12935-021-02204-3
http://www.ncbi.nlm.nih.gov/pubmed/32190001
https://dx.doi.org/10.1186/s12935-020-1161-y


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Data acquisition and pre-processing
	Follow-up
	PSM
	Statistical analysis

	RESULTS
	GPR level comparisons
	PSM balance test
	Characteristics of the study population
	Survival analysis
	Subgroup and combined analyses by baseline characteristics
	Stratified and RCS analyses by GPR levels
	Construction of prognostic nomograms

	DISCUSSION
	CONCLUSION
	FOOTNOTES
	REFERENCES

