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Abstract
BACKGROUND 
Gallbladder carcinoma (GBC) carries a poor prognosis and requires a prediction 
method. Gamma-glutamyl transferase–to–platelet ratio (GPR) is a recently 
reported cancer prognostic factor. Although the mechanism for the relationship 
between GPR and poor cancer prognosis remains unclear, studies have 
demonstrated the clinical effect of both gamma-glutamyl transferase and platelet 
count on GBC and related gallbladder diseases.

AIM 
To assess the prognostic value of GPR and to design a prognostic nomogram for 
GBC.

METHODS 
The analysis involved 130 GBC patients who underwent surgery at Peking Union 
Medical College Hospital from December 2003 to April 2017. The patients were 
stratified into a high- or low-GPR group. The predictive ability of GPR was 
evaluated by Kaplan–Meier analysis and a Cox regression model. We developed a 
nomogram based on GPR, which we verified using calibration curves. The 
nomogram and other prognosis prediction models were compared using time-
dependent receiver operating characteristic curves and the concordance index.
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RESULTS 
Patients in the high-GPR group had a higher risk of jaundice, were older, and had 
higher carbohydrate antigen 19-9 levels and worse postoperative outcomes. 
Univariate analysis revealed that GPR, age, body mass index, 
tumor–node–metastasis (TNM) stage, jaundice, cancer cell differentiation degree, 
and carcinoembryonic antigen and carbohydrate antigen 19-9 levels were related 
to overall survival (OS). Multivariate analysis confirmed that GPR, body mass 
index, age, and TNM stage were independent predictors of poor OS. Calibration 
curves were highly consistent with actual observations. Comparisons of time-
dependent receiver operating characteristic curves and the concordance index 
showed advantages for the nomogram over TNM staging.

CONCLUSION 
GPR is an independent predictor of GBC prognosis, and nomogram-integrated 
GPR is a promising predictive model for OS in GBC.

Key Words: Gamma-glutamyl transferase–to–platelet ratio; Gallbladder carcinoma; 
Prognosis; Nomogram; Tumor–node–metastasis; Patient management

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We assessed the prognostic value of gamma-glutamyl transferase-to-platelet ratio 
(GPR) and designed a prognostic nomogram for gallbladder carcinoma (GBC). We 
retrospectively evaluated a group of 130 patients with GBC who underwent resection with 
either a high or low level of GPR. We proposed that GPR is an independent predictor of 
GBC prognosis, and nomogram-integrated GPR is a promising predictive model for 
overall survival in GBC patients.

Citation: Sun LJ, Guan A, Xu WY, Liu MX, Yin HH, Jin B, Xu G, Xie FH, Xu HF, Du SD, Xu 
YY, Zhao HT, Lu X, Sang XT, Yang HY, Mao YL. γ-glutamyl transferase-to-platelet ratio 
based nomogram predicting overall survival of gallbladder carcinoma. World J Gastrointest 
Oncol 2020; 12(9): 1014-1030
URL: https://www.wjgnet.com/1948-5204/full/v12/i9/1014.htm
DOI: https://dx.doi.org/10.4251/wjgo.v12.i9.1014

INTRODUCTION
Gallbladder carcinoma (GBC) is the most common malignancy of the biliary tract[1,2], 
and accounts for 1% of the cancer incidence in China. The early symptoms of GBC are 
easily confused with those of chronic cholecystitis and cholelithiasis[3], so patients are 
likely to have reached the advanced stage of GBC upon diagnosis. Being insensitive to 
chemotherapy and radiotherapy and with no effective drugs[1], the prognostic 
outcomes of GBC remain poor, and the 5-year survival rate is less than 5%[4]. Therefore, 
there remains an unmet need for a more accurate patient stratification system to 
inform clinical decision-making and provide the rationale for designing trials, and this 
stratification strategy requires a prognosis prediction model as an important reference.

Previously, the most commonly used prognostic factor was tumor–node–metastasis 
(TNM) staging defined by the American Joint Committee on Cancer (AJCC) (8th 
edition)[5]. TNM staging ranks the degree of cancer by scoring the tumor, involved 
lymph nodes, and the presence or absence of metastasis. This method was developed 
for general cancer diagnosis and lacks personalized prediction for individual patients. 
Other inflammatory markers such as neutrophil–to–lymphocyte ratio (NLR) and 
monocyte–to–lymphocyte ratio (MLR) have been tested for their predictive value, but 
these ratios are limited to certain cancers[6]. There is an urgent need for a cost-effective 
prognostic prediction method for GBC patients.

Recently, Wang et al[8] developed a clinical prognostic index for hepatocellular 
carcinoma (HCC), the gamma-glutamyl transferase–to–platelet ratio (GPR). GPR was 
first proposed in 2014 as an inflammatory factor influencing liver fibrosis and 
cirrhosis[7], and further studies on GPR indicated ideal predictive ability for HCC. In 
2016, Wang et al[8] proposed the predictive value of GPR in patients with hepatitis B-

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/1948-5204/full/v12/i9/1014.htm
https://dx.doi.org/10.4251/wjgo.v12.i9.1014
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related HCC after curative hepatic resection[8]. Another study performed by Chiu, who 
developed a quality of life predictive model after surgical resection of HCC, also 
considered GPR an independent prognostic factor[9]. According to evidence that both 
gamma-glutamyl transferase (GGT)[10] and platelet count (PLT)[11] are proposed 
prognostic predictors of various cancers, GPR is also a potential clinical predictor of 
GBC; however, the relationship between GPR and prognosis and outcomes in patients 
with GBC remains unclear.

The current study aimed to investigate the prognostic role of GPR in patients with 
GBC, and to integrate GPR with other clinical variables to develop a nomogram for 
prognosis prediction in GBC patients.

MATERIALS AND METHODS
Population
A total of 130 patients with gallbladder adenocarcinoma who underwent resection at 
Peking Union Medical College Hospital from December 2003 to April 2017 were 
included in this study. The inclusion criteria were: (1) Histologically confirmed 
gallbladder adenocarcinoma; (2) Resectable gallbladder cancer; (3) No history of other 
malignancies; and (4) Available clinical data at the time of the first diagnosis. Patients 
with missing follow-up data or with other cancers such as adenosquamous cell 
carcinoma or papilla carcinoma were excluded from the study.

The study was approved by the Medical Ethics Committee of Peking Union Medical 
College Hospital of the Chinese Academy of Medical Sciences and Peking Union 
Medical College, and was performed in accordance with the ethical standards of the 
World Medical Association Declaration of Helsinki[12]. The requirement for informed 
consent was waived because of the retrospective nature of this study.

Data collection
Clinical data including age, sex, jaundice, gallbladder stone, body mass index (BMI), 
maximum tumor diameter, TNM stage, postoperative complications, hospitalization 
days (HOD), and survival time were collected from the medical records. TNM stage 
was measured based on the 8th AJCC criteria for GBC.

Laboratory data including carcinoembryonic antigen (CEA), carbohydrate antigen 
19-9 (CA 19-9), GGT, and different blood counts including platelet, monocyte, 
neutrophil, and lymphocyte counts were also obtained from the examination for 
cancer diagnosis.

GPR was defined as GGT divided by PLT. MLR was defined as an absolute 
monocyte count divided by lymphocyte count. NLR was defined as the ratio of 
absolute neutrophil count to lymphocyte count.

Differentiation degree of cancer cells was obtained from histological analysis result.

Statistical analysis
Statistical analyses were conducted with R 3.6.2 software (Institute for Statistics and 
Mathematics, Vienna, Austria) and Statistical Package for Social Sciences version 25.0 
(SPSS, Chicago, IL, United States). Continuous variables which conformed to a normal 
distribution are summarized as the mean ± SD, while others are presented as the 
median and interquartile range. Comparisons of baseline characteristics between 
groups were performed using Chi-square tests, t test, and rank-sum test as 
appropriate.

GPR, BMI, CEA, CA19-9, tumor diameter, MLR, and NLR were divided into high 
and low groups. The optimal cutoff values for these factors were defined by receiver 
operating characteristic (ROC) analysis. Clinicopathological factors that potentially 
correlated with patients' prognosis were defined by the GPR level and were estimated.

The Kaplan-Meier method was used for calculating the long-term overall survival 
(OS) rates. Chi-square test and rank-sum test were used to estimate the effect of GPR 
on short-term clinical outcome as postoperative complications and HOD. Univariate 
and multivariate Cox regression analyses of potential factors affecting patients' 
outcomes were performed.

Based on multivariate analysis, a nomogram was developed by using the rms 
package in R version 3.6.2. The performance of the nomogram was assessed using 
calibration curve, concordance index (C-index), and decision curve. The prognostic 
abilities of the nomogram were compared with the TNM stage model, cancer marker 
CA 19-9, and prediction model from similar research by comparing the areas under the 
ROC curves (AUC) and C-index. All significance levels were set at 0.05, and all P 
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values were two-sided.

RESULTS
Patients’ characteristics
The baseline features of the enrolled patients are provided in Table 1. Patients’ average 
age was 63.23 ± 1.20 years; 76 (58%) patients were men, and 54 (42%) were women. 
The mean BMI was 23.97 ± 0.38 kg/m2; 19 patients had jaundice (15%), and 62 patients 
had gallbladder stones (48%). Twelve (9%) patients had liver diseases including fatty 
liver disease (n = 7), hepatic cyst (n = 3), hemangiomas of the liver (n = 1), and cirrhosis 
(n = 1). There were 21, 26, 32, 19, and 18 patients with low, low-medium, medium, 
medium-high, and high degrees of cancer cell differentiation, respectively; 12% of 
patients were classified with TNM stage I disease, while 8% were classified with stage 
II, 65% with stage III, and 15% with stage IV. The median CEA value was 2.59 ng/mL 
(range, 1.62–5.50 ng/mL), median CA 19-9 level was 47.50 U/mL (13.03–220.85 
U/mL), median tumor diameter was 2.70 cm (1.50–4.55 cm), and median GPR was 0.17 
(0.09–0.44). Twenty-nine (22%) patients had postoperative complications, and the 
median HOD was 15 d (10–20 d), with a median survival time of 18 mo (6–34 mo). All 
patients were treated by radical cholecystectomy.

Relationship between gamma-glutamyl transferase–to–platelet ratio and patients’ 
clinical characteristics
The optimal cutoff value for GPR obtained using the ROC analysis was 0.365. The 
cutoff values for other associated factors were obtained by the same method. We 
divided patients into a high and low group according to the cutoff values, and 
patients’ characteristics in each group are summarized in Table 2. Ninety-one patients 
had a GPR < 0.365 (low-GPR group), and 39 had a GPR ≥ 0.365 (high-GPR group). The 
frequency of jaundice was higher in the high-GPR group vs the low-GPR group (4% vs 
15%, respectively; P < 0.001), and the proportion of patients with higher BMI was 
larger in the low-GPR group vs the high-GPR group (73% vs 34%, respectively; P < 
0.001). The CA 19-9 level was also higher in the high-GPR group vs the low-GPR group 
(42% vs 62%, respectively; P = 0.049).

The short-term clinical outcomes are presented in Table 3. Patients in the high-GPR 
group had more postoperative complications vs the low-GPR group (16% vs 36%, 
respectively; P = 0.015), and the median HOD was also higher in the high-GPR group 
vs the low-GPR group (13 vs 19, respectively; P < 0.001).

The Kaplan–Meier curves for GPR are shown in Figure 1. The median OS for the 
low-GPR group vs the high-GPR group was 31 mo and 9 mo, respectively (P < 0.0001). 
Subgroup Kaplan-Meier analysis for TNM stages I-IIIa (P < 0.0001) and IIIb-IV (P = 
0.047) both showed a significant difference between the low GPR group and high GPR 
group (Figure 2).

Univariate analysis showed that OS was significantly associated with age > 60 years, 
jaundice, cancer cell differentiation stage, BMI < 22.5 kg/m2, CEA > 5.30 ng/mL, CA 
19-9 > 47.8 U/mL, TNM stage, and GPR > 0.365 (high-GPR group). Multivariate 
analysis identified four independent factors for poor OS: Age > 60 years [hazard ratio 
(HR) = 1.976, 95% confidence interval (CI): 1.063–3.675; P = 0.031], BMI ≤ 22.5 kg/m2 
(HR = 2.776, 95%CI: 1.394–5.529; P = 0.004), TNM stage (HR = 9.093, 95%CI: 
0.998–82.830; P = 0.050), and GPR > 0.365 (high-GPR group) (HR = 1.974, 95%CI: 
1.008–3.867; P = 0.047) (Table 4).

Development and verification of a nomogram
Multivariate Cox regression analysis identified age, BMI, TNM stage, and GPR as 
independent predictors for prognosis prediction of GBC (Table 4). The model 
incorporating the independent parameters is shown as a nomogram in Figure 3A. The 
1-, 3-, and 5-year calibration curves for OS prediction of the nomogram demonstrated 
good agreement between nomogram prediction and actual observation (Figure 3B-D). 
The C-index for the prediction nomogram was 0.770 (95%Cl: 0.717–0.823) by internal 
bootstrapping validation.

Comparing different prediction models or factors
Time-dependent ROC curves for the 1-, 3-, and 5-year OS rates were generated to 
compare the performance of several prediction models or factors, and the results 
showed that the nomogram model was superior to the other models (Figure 4). Next, 
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Table 1 Clinicopathological characteristics of the 130 patients with gallbladder adenocarcinoma in this study

Characteristic mean ± SD or median (IQR) or n (%)

Age, yr 63.23 ± 1.20

Gender

Male 76 (58)

Female 54 (42)

BMI, kg/m2 23.97 ± 0.38

Jaundice

No 111 (85)

Yes 19 (15)

Gallbladder stone

No 68 (52)

Yes 62 (48)

Liver disease

No 118 (91)

Yes 12 (9)

Differentiation stage of cancer cell

Low 21 (16)

Low-medium 26 (20)

Medium 32 (25)

Medium-high 19 (15)

High 18 (14)

TNM stage

I 16 (12)

II 11 (8)

III 83 (65)

IV 20 (15)

CEA, ng/mL 2.59 (1.62-5.50)

CA 19-9, U/mL 47.50 (13.03-220.85)

Maximal tumor diameter, cm 2.70 (1.50-4.55)

GPR 0.17 (0.09-0.44)

Postoperative complications

No 101 (78)

Yes 29 (22)

HOD, D 15 (10-20)

OS, Mo 18 (6-34)

BMI: Body mass index; TNM: Tumor–node–metastasis; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; GPR: Gamma-glutamyl 
transferase–to–platelet ratio; HOD: Hospitalization days; OS: Overall survival; SD: Standard deviation; IQR: Interquartile range.

we calculated the AUC values at the same time points to further compare the 
prediction models. The details of the AUC and C-index values are listed in Table 5. 
The C-index of the nomogram model was 0.770, which was greater than those for 
TNM stage (0.631), jaundice + CA 19-9 + TNM stage + R stage (0.715), CA19-9 (0.658), 
MLR (0.632), and NLR (0.644). Specifically, the 3-year decision curve showed that if the 
threshold of probability was > 50%, the nomogram model showed better net benefit 
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Table 2 Clinical characteristics of the patients according to gamma-glutamyl transferase–to–platelet ratio

Patients GPR ≤ 0.365, n (%) GPR > 0.365, n (%) P value

Age, yr

≤ 60 34 (37) 13 (33)

> 60 57 (63) 26 (67)

0.661

Gender

Male 55 (60) 21 (54)

Female 36 (40) 18 (46)

0.484

Jaundice

No 87 (96) 24 (62)

Yes 4 (4) 15 (38)

< 0.001

Gallbladder stone

No 45 (49) 23 (59)

Yes 46 (51) 16 (41)

0.319

Liver disease 0.509

No 81 (89) 37 (95)

Yes 10 (11) 2 (5)

Differentiation stage of cancer cells

Low 14 (18) 7 (23)

Low-medium 18 (23) 7 (23)

Medium 18 (23) 8 (26)

Medium-high 16 (21) 3 (10)

High 12 (15) 6 (19)

0.640

TNM stage

I + II 23 (25) 4 (10)

III + IV 68 (75) 35 (90)

0.053

BMI, kg/m2

≥ 22.5 60 (73) 11 (34)

< 22.5 22 (27) 21 (66)

< 0.001

CEA, ng/mL

≤ 5.30 56 (76) 21 (72)

> 5.30 18 (24) 8 (28)

0.732

CA19-9, U/mL

≤ 47.8 47 (58) 14 (38)

> 47.8 35 (42) 23 (62)

0.049

Maximal tumor diameter, cm

≤ 2.90 44 (50) 20 (53)

> 2.90 44 (50) 18 (47)

0.940

BMI: Body mass index; TNM: Tumor–node–metastasis; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; GPR: Gamma-glutamyl 
transferase–to–platelet ratio.

for predicting OS compared with the TNM stage-based model (Figure 5A). We also 
developed a histogram for the nomogram-predicted probability of 3-year survival for 
stages III and IV GBC. Notably, even for the same TNM stage, there was considerable 
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Table 3 Short-term clinical outcomes according to gamma-glutamyl transferase–to–platelet ratio

Patients GPR ≤ 0.365, medium (IQR) or n (%) GPR > 0.365, medium (IQR) or n (%) P value

Postoperative complications

No 76 (84) 25 (64)

Yes 15 (16) 14 (36)

0.015

HOD 13 (10-17) 19 (14-23) < 0.001

GPR: Gamma-glutamyl transferase to platelet ratio; HOD: Hospitalization days; IQR: Interquartile range.

heterogeneity in the nomogram-predicted probabilities (Figure 5B).

DISCUSSION
GBC is the most common biliary duct cancer[1] and carries a poor prognosis. Accurate 
prediction of GBC prognosis could benefit clinical decision-making for personalized 
treatment after surgery. Therefore, in this study, we aimed to assess the prognostic 
value of GPR and to develop a prognosis prediction model as a nomogram for GBC 
patients. Our results showed that higher GPR, older age, lower BMI, and late TNM 
stage were independent predictors of GBC prognosis. In addition, GPR of patients 
with either early or terminal stage of GBC show a similar correlativity to OS. 
According to the score given to each clinical variable, our nomogram model predicted 
the 1-, 3-, and 5-year survival probability of GBC patients. This nomogram could serve 
as a reference for patient stratification and clinical decision-making.

Jaundice, BMI, and CA19-9 level had significant correlations with GPR. 
Preoperative jaundice indicates a higher risk of postoperative complications and 
adverse events, which indicates a poor prognosis[13]. According to the study by Rai 
et al[14], low BMI is related to malnutrition in GBC patients, and nutritional 
deterioration leads to adverse outcomes[14]. CA19-9 is a tumor-associated antigen, 
synthesized by normal human pancreatic and biliary ductular epithelial cells under 
physiological conditions, and increased CA19-9 levels imply biliary and pancreatic 
malignancy[15]. These three factors are clinicopathological factors related to poor GBC 
outcomes. Thus, the relationship between poor prognosis in GBC and GPR could also 
indicate correlations between GPR and the three described characteristics.

Even though previous studies simply showed GPR to be a confounding prognostic 
predictor for HCC, only limited patients involved in current study had liver 
complications such as fatty liver, cirrhosis, and HCC. The irrelevance of overall clinical 
characteristics of involved patients with either cirrhosis or HCC proved GPR’s 
prediction value for GBC to be independent of liver disease burden. In addition, GPR 
serves as an independent predictor of GBC prognosis for both long-term survival and 
short-term clinical outcomes. Patients with higher GPR levels tend to have higher risks 
of developing postoperative complications and require longer hospital stays because 
of poor outcomes.

The mechanism of GPR’s relationship with poor cancer prognosis remains unclear, 
but studies have demonstrated the clinical effect of both GGT and PLT on GBC and 
related gallbladder diseases. Study on surgical resection for GBC has revealed GGT’s 
diagnostic value[16]. Clinically, GGT has been administered in the evaluation of 
ga l lb ladder  d iseases  such as  cholangiocarcinoma[17], b i l iary  atresia[18], and 
cholecystitis[19]. Emerging evidence also indicates that higher GGT levels may be linked 
to a high cancer risk. In 2015, Kunutsor et al[20] indicated a positive association between 
GGT levels and overall cancer risk[20]. Several potential mechanisms of GGT’s effect on 
tumor growth have also been proposed. Reactive oxygen species, a result of the tumor 
microenvironment, could up-regulate GGT expression[21]. GGT, in turn, plays an 
essential role in maintaining the production of intracellular glutathione, which acts as 
a key antioxidant[22], and GGT also induces the production of an additional source of 
endogenous reactive oxygen species[21]; therefore, abnormal GGT levels could 
contribute to the formation of the tumor microenvironment and promote tumor 
growth. However, the exact mechanisms of elevated GGT in cancer are poorly 
described and require further research.

PLT has been proposed as a preoperative prognostic factor for GBC, two studies on 
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Table 4 Univariate and multivariate Cox proportional hazard analyses of factors associated with overall survival

Univariate test Multivariate test

HR 95%CI P value HR 95%CI P value

Age, yr

≤ 60 1.000 1.000

> 60 1.722 1.089-2.723 0.020 1.976 1.063-3.675 0.031

Gender

Male 1.000

Female 1.033 0.834-1.278 0.769

Jaundice

No 1.000 1.000

Yes 2.378 1.423-3.977 0.001 1.064 0.462-2.450 0.883

Gallbladder stone

No 1.000

Yes 0.983 0.798-1.211 0.873

Differentiation degree of cancer cells 0.018 0.513

Low 5.583 1.870-16.666 0.002 0.860 0.089-8.327 0.897

Low-medium 3.403 1.162-9.969 0.026 0.414 0.043-4.015 0.447

Medium 3.264 1.134-9.394 0.028 0.366 0.037-3.576 0.388

Medium-high 1.980 0.630-6.226 0.243 0.549 0.057-5.277 0.604

High 2.510 0.807-7.803 0.112 0.421 0.042-4.192 0.461

BMI, kg/m2

≥ 22.5 1.000 1.000

< 22.5 3.128 1.956-5.004 < 0.001 2.776 1.394-5.529 0.004

CEA, ng/mL

≤ 5.30 1.000 1.000

> 5.30 2.485 1.478-4.178 0.001 1.477 0.800-2.726 0.212

CA19-9, U/mL

≤ 47.8 1.000 1.000

> 47.8 3.305 2.079-5.251 < 0.001 1.665 0.840-3.297 0.144

Maximal tumor diameter, cm

≤ 2.90 1.000

> 2.90 0.794-1.833 0.499

TNM stage

I + II 1.000 1.000

III + IV 6.810 2.952-15.711 < 0.001 9.093 0.998-82.830 0.050

GPR

≤ 0.365 1.000 1.000

> 0.365 2.298 1.493-3.537 < 0.001 1.974 1.008-3.867 0.047

BMI: Body mass index; TNM: Tumor–node–metastasis; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; GPR: Gamma-glutamyl 
transferase–to–platelet ratio.

PLT’s diagnostic value both show a correlation between high PLT level and poor post-
surgery outcomes[11,23]. Mechanisms of PLT’s contribution to cancer development are 



Sun LJ et al. Nomogram for GBC survival

WJGO https://www.wjgnet.com 1022 September 15, 2020 Volume 12 Issue 9

Table 5 Comparison of the performance and discriminative ability between different prognosis prediction models

1-yr AUROC 3-yr AUROC 5-yr AUROC C-index

Nomogram 0.823 0.893 0.920 0.770

TNM stage 0.649 0.748 0.778 0.631

Bai’s model1 0.766 0.857 0.848 0.773

CA19-9 0.677 0.698 0.750 0.658

MLR 0.700 0.662 0.716 0.632

NLR 0.688 0.697 0.790 0.644

1Bai’s model: Nomogram based on jaundice, CA19-9, tumor–node–metastasis stage, and R status[34]. BMI: Body mass index; TNM: 
Tumor–node–metastasis; MLR: Monocyte–to–lymphocyte ratio; NLR: Neutrophil–to–lymphocyte ratio; AUROC: Area under the ROC curve; ROC: 
Receiver operating characteristic.

Figure 1  Kaplan-Meier curves for overall survival stratified according to Gamma-glutamyl transferase–to–platelet ratio.

involved in tumor growth factor synthesis[24], promotion of tumor adhesion of 
epithelial cells[25], and the morbidity of tumor cells[26]. A study by Andrade et al[27] 
showed that PLT is related to angiogenesis, microenvironment maintenance, and 
tumor masses[27]. PLT could promote tumor recurrence and serve as a resource for 
cytokines such as vascular endothelial growth factor or tumor growth factor-β. 
Additionally, tumor cells release inflammatory cytokines, and transference of 
cytokines such as platelet-derived growth factor and tumor necrosis factor by platelets 
could enhance tumor growth[28].

In this study, GPR appeared to be more significant than GGT to predict GBC, when 
we compared AUCs and the C-index. PLT was not a predictor of GBC in this study, 
but the combination of PLT and GGT as GPR showed good results regarding 
prognosis.

In 2008, Wang et al[29] published a predictive model related to RT based on patients’ 
records from the SEER database developed by the National Cancer Institute[29]. In 2016, 
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Figure 2  Kaplan-Meier curves for overall survival of different tumor–node–metastasis stages stratified according to gamma-glutamyl 
transferase–to–platelet ratio.

Zhou et al[30] improved the predictive model by adding more clinical factors and using 
a nomogram scoring method[30]. However, these models were based on analyses of the 
SEER database, and patients’ characteristics may differ from patients in other areas. 
More studies have been proposed regarding patients’ gene expression levels, but these 
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Figure 3  Prediction nomogram for survival probability. A: Nomogram for overall survival; B: Calibration curve for the nomogram for predicting 1-year 
survival probability; C: Calibration curve for the nomogram for predicting 3-year survival probability; and D: Calibration curve for the nomogram for predicting 5-year 
survival probability.
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Figure 4  Time-dependent receiver operating characteristic curves for the nomogram. Bai et al[34]’s model1, tumor–node–metastasis staging, CA 19-
9, monocyte–to–lymphocyte ratio, and neutrophil–to–lymphocyte ratio. A: Time-dependent receiver operating characteristic (ROC) curves at 1 year; B: Time-
dependent ROC curves at 3 years; and C: Time-dependent ROC curves at 5 years. 1Bai’s model: Nomogram based on jaundice, CA19-9, tumor–node–metastasis 
stage, and R status[34].

methods are not convenient to use clinically[31-33]; thus, an appropriate model to 
evaluate the prognosis of GBC patients in China is still an urgent need.

TNM stage defined by the AJCC is now the most widely used prognostic model for 
GBC[5]. However, the TNM staging system is designed for a broad cancer diagnosis 
and lacks a personal examination reference for individual patients. Compared with the 
TNM stage model defined by the AJCC (8th edition), adding more clinical factors 
significantly improves the accuracy and discriminability of prediction. GPR, age, and 
BMI all contribute to a better prognostic model by adding specific patients’ 
characteristics. The AUC of the time-dependent ROC and C-index both have 
advantages over the TNM stage system. Furthermore, nomogram models discriminate 
between patients with the same TNM stage, and better correspond with clinical 
observations.

Studies also show advantages of nomograms over other previously studied clinical 
predictive models or factors. In 2018, Bai et al[34] published a nomogram model aimed 
at predicting OS after GBC resection in China[34]. The authors’ study involved a similar 
patient population as in our study, and evaluated jaundice, CA19-9, TNM stage, and R 
stage as predictors. A comparison between these two models demonstrated an 
advantage regarding accuracy for our nomogram over Bai et al[34]’s nomogram.
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Figure 5  Comparisons of the nomogram with the American Joint Committee on Cancer tumor–node–metastasis stage model. A: Decision 
curve analysis of the nomogram and tumor–node–metastasis stage model for 3-year survival probability; B: Comparison of the nomogram prediction with 
tumor–node–metastasis staging.

MLR, NLR, and CA19-9 are clinical factors that have been evaluated in previous 
studies for evaluating GBC prognosis[6]. Comparisons of the related AUCs and the C-
index showed a significant advantage of nomogram over these three factors.

In conclusion, GPR is an independent prognostic factor when predictnig OS in 
patients with GBC. Our nomogram model based on GPR successfully predicts the 
survival probability, and has advantages compared with the 8th edition of the AJCC 
system and other prognostic models.
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Limits of the study
Our study has several limitations. First, because of the small sample size, we evaluated 
only a training cohort; our study had no validation cohort. Second, our study was a 
retrospective analysis; multicenter research based on our nomogram model is required 
to confirm the prediction outcomes of our model. Third, also because of the small 
number of patients included, the heterogeneity of involved patients could lead to 
statistical bias, and further research should expand the study population and confirm 
the prediction value of GPR. Finally, we analyzed only laboratory results and patients’ 
medical records. Previous studies evaluated multiple methods of examination such as 
computed tomography and magnetic resonance imaging[35]; therefore, further research 
should broaden the database and combine more clinical data[36].

ARTICLE HIGHLIGHTS
Research background
Gallbladder carcinoma (GBC) carries a poor prognosis and requires a prediction 
method. Gamma-glutamyl transferase–to–platelet ratio (GPR) is a recently-reported 
cancer prognostic factor. Although the mechanism of GPR’s relationship with poor 
cancer prognosis remains unclear, studies have demonstrated the clinical effect of both 
GGT and platelet count on GBC and related gallbladder diseases.

Research motivation
We aimed to elucidate the prognostic value of GPR and to improve the current 
prognostic system for GBC patients

Research objectives
We aimed to assess the prognostic value of GPR and to design a prognostic nomogram 
for GBC.

Research methods
The analysis involved 130 GBC patients who underwent surgery at Peking Union 
Medical College Hospital from December 2003 to April 2017. Patients were stratified 
into a high- or low-GPR group. The predictive ability of GPR was evaluated by 
Kaplan–Meier analysis and a Cox regression model. We developed a nomogram based 
on GPR, which we verified using calibration curves. The nomogram and other 
prognosis prediction models were compared using time-dependent receiver operating 
characteristic curves and the C-index.

Research results
Patients in the high-GPR group had a higher risk of jaundice, were older, and had 
higher carbohydrate antigen 19-9 levels and worse postoperative outcomes. Univariate 
analysis revealed that GPR, age, body mass index, tumor–node–metastasis (TNM) 
stage, jaundice, cancer cell differentiation degree, and carcinoembryonic antigen and 
carbohydrate antigen 19-9 levels were related to overall survival (OS). Multivariate 
analysis confirmed that GPR, body mass index, age, and TNM stage were independent 
predictors of poor OS. Calibration curves were highly consistent with actual 
observations. Comparisons of time-dependent receiver operating characteristic curves 
and the C-index showed advantages for the nomogram over TNM staging.

Research conclusions
GPR is an independent predictor of GBC prognosis, and nomogram-integrated GPR is 
a promising predictive model for OS in GBC.

Research perspectives
First, multicenter research based on our nomogram model is required to confirm the 
prediction outcomes of our model. Second, further research should expand the study 
population and confirm the prediction value of GPR. Finally, further research should 
also broaden the database and combine more clinical data.
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