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ABSTRACT

AIM: To assess the prognostic utility of the albumin-to-gamma-glutamyltransferase ratio (AGR) in patients with high-grade glioma 
(World Health Organization [WHO] grade III and IV) and to develop a predictive nomogram.   
MATERIAL and METHODS: Data from 185 patients diagnosed with high-grade gliomas, who underwent surgical treatment between 
March 2013 and December 2022, were retrospectively analysed. Patients were randomly divided into training and validation cohorts. 
The nomogram was developed using multivariate Cox regression analysis according to selected risk factors using least absolute 
shrinkage and selection operator (i.e., “LASSO”) regression. The area under the receiver operating characteristic curve, calibration 
curve, and C-index were used to assess the performance of the prediction model.
RESULTS: This study included data from 185 patients; six independent risk factors were identified and used to generate a prognostic 
nomogram: WHO grade, body mass index (BMI), smoking, platelet (PLT) count, fibrinogen (FIB) level, and AGR. The nomogram 
demonstrated considerable prognostic consistency and discrimination. The prognostic utility of AGR was identified in patients with 
glioma (hazard ratio 0.7876 [95% confidence interval 0.6471–0.9585]; p=0.0172).
CONCLUSION: AGR was a potential risk factor for predicting overall survival in patients with glioma after surgery. The nomogram 
integrated WHO grade, BMI, smoking status, PLT count, and FIB level. AGR provided clinical guidance for surgeons to predict 
survival rates in patients with glioma.  
KEYWORDS: AGR, Glioma, Nomogram, Overall survival

ABBREVIATIONS: ALB: Albumin, AUC: Area under ROC curve, AGR: Albumin-to-gamma-glutamyltransferase ratio, BMI: Body 
mass index, C-index: Harrell’s concordance index; FIB: Fibrinogen, GGT: Gamma-glutamyltransferase, LASSO: Least absolute 
shrinkage and selection operator (regression); OS: Overall survival, PLR: Platelet-to-lymphocyte ratio, PLT: Platelet, ROC: Receiver 
operating characteristic, WBC: White blood cell 
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█   INTRODUCTION

Glioma, the most prevalent histological type of primary 
central nervous system cancer, is frequently associat-
ed with poor prognosis and short overall survival (OS) 

(20). Gliomas include oligodendrocytes, astrocytes, or a mix 
of these two cell types, and can be categorised histologically 
as high-grade (anaplastic astrocytomas, glioblastomas, and 
anaplastic oligodendrogliomas) and low-grade (oligodendro-
gliomas and astrocytomas) gliomas (31). Standard treatments 
and clinical guidance have been developed, including maxi-
mally safe surgical resection, radiation therapy, and treatment 
with temozolomide (26,43,47). Nevertheless, the median sur-
vival rate of patients with glioma remains poor (5,8,17). Thus, 
early prediction and prompt treatment of gliomas are needed 
to improve prognosis. 

Recent studies have demonstrated that the immune response 
and inflammatory microenvironment play significant roles in 
tumour progression, with inflammatory biomarkers and var-
ious immune cells exhibiting abnormal accumulation (1,32). 
Accordingly, several inflammation biomarkers and inflamma-
tion-related ratio markers have increasingly been evaluated 
for their prognostic utility, such as OS and progression-free 
survival in various cancers, including neutrophil-to-lympho-
cyte ratio, platelet (PLT)-to-lymphocyte ratio (PLR) (10,38), 
PLT-to-lymphocyte ratio (PLR) (25,39), fibrinogen (FIB)-to-al-
bumin (ALB) ratio (21,24), and monocyte-to-lymphocyte ratio 
(36,37). However, potential limitations of the predictive model 
were identified. Therefore, novel prognostic risk factors for 
gliomas and other malignancies need to be investigated and 
developed.

ALB is synthesised by the liver and can be used to assess 
nutritional status and inflammatory responses (2,4). As a 
potential risk factor, hypoalbuminaemia has prognostic utility 
in both acute diseases and various cancers (2,19,29,35). 
Gamma-glutamyltransferase (GGT), a significant enzyme in 
glutathione metabolism, is involved in evaluating inflammation 
status, and provides prognostic utility for multiple cancers 
(15,18). Jing et al. first demonstrated that the ALB-to-GGT 
ratio (AGR) could be a significant predictor of prognosis in 
patients with intrahepatic cholangiocarcinoma (13). Several 
studies have reported the potential prognostic utility of AGR 
in patients with gallbladder, hepatocellular, and pancreatic 
cancers (22,40,44). 

The aim of the present study, therefore, was to develop a 
valid, high-grade, glioma prediction nomogram and provide 
a useful clinical reference for assessing prognostic utility 
in patients with high-grade gliomas. We also determined 
the prognostic utility of the AGR in patients with glioma. In 
contrast to previous reports, our nomogram provides an easy 
tool for effectively predicting the prognosis of patients with 
high-grade gliomas. 

█   MATERIAL and METHODS 

Patients

A retrospective analysis was performed using the medical 

records of Subei Hospital (Jiangsu, China) and the Affiliated 
Hospital of Yangzhou University from March 2013 to December 
2022. Inclusion criteria were as follows: patients who 
underwent surgery, chemotherapy, and/or radiation therapy; 
patients diagnosed with glioma through histopathological 
and morphological analyses; and patients with no malignant 
tumours other than glioma. Patients with incomplete clinical 
and follow-up data, those with active inflammatory diseases, 
and those < 18 years of age were excluded. Data from 185 
patients with glioma were ultimately included in this study.

Ethics Statement

This study adhered to the ethical guidelines of the Declaration 
of Helsinki, and all patients provided written informed 
consent. This study was also supported by the Medical Ethics 
Committee of Subei Hospital (2021ky138-1). 

Data Collection

Basic information from patients with gliomas was system-
atically collected. Clinical characteristics included age, sex, 
body mass index (BMI), smoking, alcohol consumption, tu-
mour diameter, and World Health Organization (WHO) grade. 
Preoperative haematological parameters included red blood 
cells, haemoglobin, white blood cells (WBCs), lymphocytes, 
neutrophils, monocytes, PLT, ALB, globulin, albumin-to-glob-
ulin ratio, GGT, and FIB. Blood samples were collected before 
surgery. The AGR index was defined as the ratio of serum ALB 
level (g/L) to serum GGT level (U/L).

Follow-up 

Postoperative follow-up was performed on all patients every 
three months in the first two years, and then every six months 
thereafter. Telephone communication was used to collect 
follow-up data from patients without a scheduled hospital 
review. Endpoint OS was defined as the time from surgery to 
death or the last follow-up.

Statistical Analysis

Statistical analysis was performed using R version 3.6.3 (R 
Foundation for Statistical Computing, Vienna, Austria <https://
www.R-project.org>). All patients with gliomas were randomly 
divided into primary and validation cohorts in a ratio of 7:3. 
Subsequently, using a least absolute shrinkage and selection 
operator (LASSO) regression model, the optimal features 
for evaluating OS in patients with glioma were selected. A 
nomogram was developed using multivariate Cox regression 
analysis based on the selected risk factors. The area under 
the receiver operating characteristic (ROC) curve (AUC), 
calibration curve, and C-index (i.e., Harrell’s concordance 
index) were used to evaluate the performance of the prediction 
model. External validation was performed using the data from 
the validation cohort.

█   RESULTS
Patient Characteristics 

Clinical data from 230 patients with gliomas, who underwent 
surgical treatment between March 2013 and December 2022, 
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were collected (Figure 1), of which 185 were included in this 
study. The basic characteristics of the training and validation 
cohorts (ratio, 7:3) are summarised in Table I. The median pa-
tient age was 55 years (range, 19–82 years). There were 145 
patients with glioblastoma, 32 with anaplastic oligodendro-
glioma, and eight with anaplastic astrocytoma. The training 
cohort comprised 130 patients (75 male, 55 female) with glio-
mas. Seventy-six patients with glioma presented with tumours 
at multiple locations. Other tumour locations were distributed 
as follows: occipital lobe (n=3); cerebellum (n=9); thalamus 
(n=1); temporal lobe (n=44); frontal lobe (n=47); parietal lobe 

(n=1); and lateral ventricle (n=4). The median OS in patients 
with gliomas was 15.5 months. 

Independent Risk Factors for OS and the Prognostic 
Nomogram

Independent risk factors were selected to evaluate the OS 
of patients with glioma based on 25 potential risk factors 
using LASSO regression (Figure 2A,B). These risk factors 
included WHO grade, BMI, smoking, FIB, PLT count, and 
AGR. Accordingly, a prognostic nomogram based on the Cox 
regression analysis was developed using these six risk factors 
(Figure 3). 

Figure 1: Patient selection.

Figure 2: The optimal risk factors selected by the LASSO regression analysis. A) The parameters (lambda) selection in the LASSO model 
used tenfold cross-validation via minimum criteria. The partial likelihood deviance curve was plotted versus log (lambda). Dotted vertical 
lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the minimum criteria (the 1-SE criteria). B) LASSO 
coefficient profiles of the 25 features. A coefficient profile plot was produced against the log (lambda) sequence. The optimal lambda 
resulted in six features with nonzero coefficients. Our results showed that six risk factors were selected by LASSO analysis.

A B
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calibration curve analysis for 1- and 2-year OS revealed good 
calibration (Figure 5A,B). Discrimination analysis indicated 
good model discrimination, with a C-index of 0.6620 (95% CI 
0.6017–0.7222). 

Apparent Performance of the Nomogram

The ROC curve demonstrated a strong ability to predict OS in 
patients with gliomas (Figure 4A). Results demonstrated that 
AUCs for the nomograms at 1, 2- and 3-years were 0.718, 
0.886, and 0.718, respectively. Owing to data limitations, the 

Table I: Basic Characteristics of GBM Patients in Training Cohort and Validation Cohort

Training cohort 
n=130, median (interquartile)

Validation cohort
n=55, median (interquartile)

Gender, number

Male 75 24

Female 55 31

Age 55(9) 57(8)

WHO, number

Ⅲ 28 12

Ⅳ 102 43

BMI 24.65 (1.47) 25.35 (2.80)

Smoking(Yes) 42 14

Alcohol consumption 43 10

Diameter 5(1) 5 (1)

Red blood cell (RBC) 4.42 (0.35) 4.4 (0.31)

Hemoglobin (HGB) 137 (11.25) 135 (12)

White blood cell (WBC) 6.49 (1.14) 6.43 (0.48)

Neutrophils 4.48 (1.145) 4.79 (1.04)

Lymphocyte 1.39 (0.32) 1.44 (0.22)

Monocyte 0.36 (0.09) 0.38 (0.11)

Platelet 180.5 (37.25) 181 (41)

Fibrinogen 2.89 (0.42) 2.96 (0.63)

INR 1.01 (0.05) 1.01 (0.06)

Albumin 43.3 (2.83) 43.4 (4.8)

Globulin 24.6 (2.73) 24.9 (2.5)

Albumin-to-Globulin ratio 1.8 (0.2) 1.7 (0.2)

GGT 20.5 (6.5) 20 (6)

AGR 2.08 (0.86) 2.14 (0.59)

MLR 0.26 (0.08) 0.25 (0.07)

NLR 3.20 (1.11) 3.07 (0.93)

PLR 131.74 (35.76) 119.05 (22.64)

FAR 0.07 (0.01) 0.07 (0.01)

GGT: Gama-glutamyltransferase, AGR: Albumin-to-gamma-glutamyltransferase ratio, MLR: Monocyte-to-lymphocyte ratio, NLR: Neutrophil-to-
lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, FAR: Fibrinogen-to-albumin ratio.
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Figure 3: Developed OS nomogram. The nomogram could be applied to predict the OS for glioma patients based on several included 
risk factors.

Figure 4: ROC curves of the nomogram and HR value of Cox regression. The results of ROC curves indicated that the nomogram 
provided a strong ability to predict 1-, 2-, and 3- OS for glioma patients in training cohort (A) and validation cohort (B).

A B
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Performance of AGR and Other Independent Risk Factors 
for OS

The cut-off point of AGR was determined to be 3.092, as 
calculated using the “survminer” package. For AGR risk, high 
risk was defined when AGR < 3.092. Kaplan–Meier survival 
curves indicated that patients with glioma and a high risk for 
AGR had a short OS (Figure 6). The cut-off values for BMI, 
PLT, and FIB were 26.61, 115 ×109/L, and 3.4, respectively. 
Additionally, high-risk patients had a BMI > 26.61 kg/m2, 
PLT>115 ×109/L, a history of smoking, and WHO grade IV. 

External Validation

External validation indicated that the nomogram demonstrat-
ed good discrimination and calibration (Figure 5C,D), with a 
C-index of 0.8301 (95% CI 0.7357–0.9245). In addition, the 
AUCs for 1-, 2-, and 3-years were 0.788, 0.842, and 0.803, re-
spectively, as illustrated in Figure 4B, reflecting the prognostic 
utility of the nomogram for OS.

Figure 5: The calibration curve of OS for glioma nomogram. The x-axis represents the predicted probability of survival. The y-axis 
represents the actually observed survival probability. Calibration curve of the 1- and 2- year OS in the training cohort (A,B). Calibration 
curve of the 1- and 2- year OS in the validation cohort (C,D).

A B

C D
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ibration curve, and C-index results indicated that the nomo-
gram demonstrated good performance. 

ALB, mainly synthesised by the liver, is involved in biological 
functions including sustaining colloid pressure and non-on-
cotic functions (6). Non-oncotic properties include molecular 
transport, reduced radical scavenging, capacity to modulate 
capillary permeability, neutrophil adhesion and activation, 
haemostatic effects, and regulation of cellular signalling path-
ways (6,7,9,14,28,30,33). Earlier research has suggested that 
ALB, as a source of energy, supplies amino acids to cancer 
cells via lysosomal breakdown. Recently, an interesting study 
reported that oncogenic Ras-expressing cells regulate micro-
pinocytosis and internalise and degrade extracellular ALB, 
which may provide cancer cells with intracellular amino ac-
ids (3). Additionally, ALB internalised through micropinocyto-

Risk Stratification Model

A stratification model was used to determine risk in patients 
with glioma, depending on the prognostic nomogram. The total 
number of patients ranged from 68.8 to 375.2. Following that, 
based on total points, patients with glioma were classified as 
low-risk (total points, 68.8–168.7.7 [n=21]), middle-risk (total 
points, 168.7–292.4 [n=89]) or high-risk (total points, 292.4–
375.2 [n=20]). Results indicated that median OS for patients 
with glioma in the high- and middle-risk categories was 12.4 
and 14.46 months, respectively (p<0.001) (Figure 7).

█   DISCUSSION
We constructed a prognostic nomogram for OS in patients 
with glioma incorporating six risk factors: WHO grade, BMI, 
smoking, FIB, PLT count, and AGR. ROC curve analysis, cal-

Table II: The Results of Cox Regression Analysis for Six Independent Risk Factors

β SE HR 95%CI p-value

WHO   1.025403 0.298598 2.7882 1.5530-5.0060 0.000595

Smoking 0.271656 0.267656 1.3121 0.7765-2.2172 0.310134

BMI 0.066051 0.050865 1.0683 0.9669-1.1803 0.194096

PLT 0.002893 0.001906 1.0029 0.9992-1.0067 0.129208

FIB 0.087316 0.112021 1.0912 0.8761-1.3592 0.435712

AGR -0.23878 0.100231 0.787586 0.6471-0.9585 0.017204

AGR: Albumin-to-gamma-glutamyltransferase ratio, BMI: Body mass index, PLT: Platelet, FIB: fibrinogen.

Figure 6: The Kaplan-Meier survival curves for OS based on 
AGR. Glioma patients were determined as high-risk group with 
AGR <3.092. The results demonstrated that high risk patients had 
shorter OS for glioma patients (p=0.0079).

Figure 7: The Kaplan-Meier survival curves for OS based on risk 
stratification. Compared with low-risk patients and middle risk 
patients, high-risk patients had a shorter OS for glioma patients 
based on risk stratification (p<0.0001).
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with glioma, a special combination score of FIB and ALB 
provided a significant prognostic role in evaluating OS (hazard 
ratio 1.92 [95% CI 1.21–3.05]; p=0.005) (12). In our study, 
FIB and PLT levels were significantly associated with OS in 
patients with glioma according to LASSO regression, with the 
high-risk group exhibiting a shorter OS. 

Numerous predictive nomogram models have recently been 
developed and validated to evaluate their prognostic utility 
in diverse groups of patients with glioma. However, most 
of these models focus on prognostic genes based on an 
online database that reveals that these genes are involved 
in various functions linked to the immune microenvironment, 
radiotherapy, ferroptosis, and DNA damage repair (46,48,50). 
Our model was developed to predict the OS of patients 
with glioma using several basic characteristics and blood 
biomarkers. We also performed a risk stratification analysis 
based on the prognostic nomogram. According to the scores 
obtained from our nomogram, each patient with glioma was 
classified as high, middle, or low risk. The results indicated that 
high-risk patients had short 1-, 2-, and 3-year OS (p<0.0001). 
Our study provides a simple and effective predictive model for 
evaluating the prognosis of patients with high-grade gliomas.  

However, the present investigation had several limitations. 
First, it was conducted at only two centres in China; as 
such, future research should focus on multicentre studies. 
Second, we included only 185 patients with gliomas, which is 
a relatively small sample size. We included patients with high 
grade gliomas (i.e., WHO grades III and IV). The prognostic 
value of different types of gliomas varies. Finally, various 
risk factors influence the prognosis of patients with glioma, 
such as related genes, isocitrate dehydrogenase mutation 
status, DNA methylation, CDNK2A/B, H3 K27M mutation, 
H3 G34 mutation, 1p/19 co-deletion, immune cell infiltration 
(CD4 T cells, B cells, dendritic cells, and macrophages), and 
radiological features. Numerous prediction models, such as 
neural networks and other machine learning models, may 
serve as clinical references for evaluating OS in patients with 
gliomas.

█   CONCLUSION
In conclusion, we developed and validated a prognostic 
nomogram based on six risk factors: WHO grade, BMI, 
smoking status, PLT count, FIB level, and AGR. Our nomogram 
may serve as a useful clinical reference for neurosurgeons. 
Moreover, the AGR could be a potential predictive factor for 
high-grade gliomas and can be conveniently measured under 
clinical guidance.
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sis maintains the growth of these cells by providing essential 
amino acids (3). Following glutamine deprivation, cancer cells 
absorb extracellular ALB as a supplement to provide nutrients 
for proliferation (3). These results indicate that ALB plays a role 
in supplementing amino acids required for cancer cell prolifer-
ation via macropinocytosis (3). 

GGT, an enzyme involved in the gamma-glutamyl cycle, con-
tributes to glutathione metabolism. Serum GGT level has been 
used as a potential biomarker for evaluating liver function be-
cause it is quick, inexpensive, and reliable. In addition, serum 
GGT levels provide prognostic utility for diverse life-threaten-
ing diseases, including metabolic syndrome, diabetes mel-
litus, cardiovascular disease(s), various liver diseases, and 
several life-threatening cancers (16,45). Previous studies have 
demonstrated a link between elevated GGT levels and an 
increased risk for developing diverse cancers, including oe-
sophageal, laryngeal, stomach, lung, colorectal, bile duct, and 
female genital organs (27,41,42). 

AGR, a combination of ALB and GGT, can be used to evaluate 
nutritional status and inflammatory response, providing 
predictive utility for patients with cancer. Previous studies have 
identified the prognostic significance of AGR in assessing the 
OS of liver cancers (13,22,40,44). This study identified AGR 
as an independent risk factor correlated with OS in patients 
with glioma. Cox regression analysis revealed that patients 
with glioma and lower AGR levels had shorter OS (hazard ratio 
0.5261 [95% CI 0.3916–0.7067]; p<0.0001). Compared with 
patients with a low AGR, those with a high AGR had longer 
OS. Based on the AGR cut-off value, patients with glioma 
were divided into low-risk (AGR ≥ 3.092) and high-risk (AGR 
< 3.092) groups. The Kaplan–Meier curve suggested that the 
high-risk group had a shorter OS than the low-risk group. 

Other risk factors were also significantly linked to OS in 
patients with glioma, including WHO grade, BMI, smoking 
history, FIB level, and PLT count. Similar to previous studies 
(34,49), our results indicated that WHO grade status is a 
significant risk factor for predicting OS in patients with glioma. 
In this study, high-risk patients were classified as WHO grade 
IV, whereas low-risk patients were classified as WHO grade III. 
Patients with high-risk glioma have shorter OS. Additionally, 
BMI was a significant risk factor for assessing the prognosis 
of patients with glioma. Patients with glioma and a BMI > 
26.61 kg/m2 were considered to be high-risk, accompanied 
by shorter OS. A previous population-based case-control 
study reported that patients with a smoking history had an 
increased risk for death compared with nonsmokers (11). Li 
et al. demonstrated that patients with glioma who smoked 
exhibited a higher NF1 mutation level than non-smoking 
patients, and that patients who smoked had shorter OS (23). 
FIB and PLT play significant roles in plasma coagulation and 
are significantly associated with the prognosis of patients with 
glioma. The prognostic utility of preoperative haematological 
markers have been evaluated in various cancers. For patients 



  9 Turk Neurosurg, 2024 | 9

Pei Y. et al: ALB/GGT ratio in High-Grade Glioma

10. Grassadonia A, Graziano V, Iezzi L, Vici P, Barba M, Pizzuti L, 
Cicero G, Krasniqi E, Mazzotta M, Marinelli D, Amodio A, Natoli 
C, Tinari N: Prognostic relevance of neutrophil to lymphocyte 
ratio (NLR) in luminal breast cancer: A retrospective analysis 
in the neoadjuvant setting. Cells 10:1685, 2021. https://doi.
org/10.3390/cells10071685

11. Hou L, Jiang J, Liu B, Han W, Wu Y, Zou X, Nasca PC, Xue F, 
Chen Y, Zhang B, Pang H, Wang Y, Wang Z, Li J: Smoking and 
adult glioma: A population-based case-control study in China. 
Neuro Oncol 18:105-113, 2016. https://doi.org/10.1093/
neuonc/nov146

12. Jia T, Zhang R, Kong F, Zhang Q, Xi Z: The prognostic role 
and nomogram establishment of a novel prognostic score 
combining with fibrinogen and albumin levels in patients with 
WHO Grade II/III gliomas. Int J Gen Med 14:2137-2145, 2021. 
https://doi.org/10.2147/IJGM.S303733

13. Jing CY, Fu YP, Shen HJ, Zheng SS, Lin JJ, Yi Y, Huang JL, Xu 
X, Zhang J, Zhou J, Fan J, Ren ZG, Qiu SJ, Zhang BH: Albumin 
to gamma-glutamyltransferase ratio as a prognostic indicator 
in intrahepatic cholangiocarcinoma after curative resection. 
Oncotarget 8:13293-13303, 2017. https://doi.org/10.18632/
oncotarget.14530

14. Kawakami A, Kubota K, Yamada N, Tagami U, Takehana 
K, Sonaka I, Suzuki E, Hirayama K: Identification and 
characterization of oxidized human serum albumin. A slight 
structural change impairs its ligand-binding and antioxidant 
functions. FEBS J 273:3346-3357, 2006. https://doi.
org/10.1111/j.1742-4658.2006.05341.x

15. Kim K-N, Joo J, Sung HK, Kim CH, Kim H, Kwon YJ: 
Associations of serum liver enzyme levels and their changes 
over time with all-cause and cause-specific mortality in the 
general population: A large-scale national health screening 
cohort study. BMJ Open 9:e026965, 2019. https://doi.
org/10.1136/bmjopen-2018-026965

16. Koenig G, Seneff S: Gamma-glutamyltransferase: A 
predictive biomarker of cellular antioxidant inadequacy and 
disease risk. Dis Markers 2015:818570, 2015. https://doi.
org/10.1155/2015/818570

17. Koudriavtseva T, Villani V, Lorenzano S, Giannarelli D, 
Domenico EGD, Stefanile A, Maschio M, D’Agosto G, Pimpinelli 
F, Tanzilli A, Galiè E, Pace A: Neutrophil-to-lymphocyte 
ratio, Factor VIII and Antithrombin III: Inflammatory-clotting 
biomarkers in glioma. EXCLI J 20:1152-1169, 2021. https://
doi.org/10.1016/j.jns.2021.117730

18. Kunutsor SK, Apekey TA, Hemelrijck MV, Giliola Calori GP: 
Gamma glutamyltransferase, alanine aminotransferase and 
risk of cancer: Systematic review and meta-analysis. Clin Exp 
Med 136:1162-1170, 2015. https://doi.org/10.1002/ijc.29084

19. Larson DW, Aziz MAAE, Perry W, D’Angelo A-L, Behm KT, 
Mathis KL, Grass F: Additional value of preoperative albumin 
for surgical risk stratification among colorectal cancer 
patients. Ann Nutr Metab 76:422-430, 2020. https://doi.
org/10.1159/000514058

20. Leibetseder A, Leitner J, Mair MJ, Meckel S, Hainfellner JA, 
Aichholzer M, Widhalm G, Dieckmann K, Weis S, Furtner J, 
Oertzen Tv, Preusser M, Pichler J, Berghoff AS: Prognostic 
factors in adult brainstem glioma: A tertiary care center 
analysis and review of the literature. J Neurol 269:1574-1590, 
2022. https://doi.org/10.1007/s00415-021-10725-0

AUTHORSHIP CONTRIBUTION
Study conception and design: YP, LD, YD
Data collection: EZ
Analysis and interpretation of results: YP, HJ
Draft manuscript preparation: YP
Critical revision of the article: LD, YD
Other (study supervision, fundings, materials, etc...): HJ
All authors (YP, HJ, EZ, LD, YD) reviewed the results and 
approved the final version of the manuscript.

█   REFERENCES
1. Abaurrea A, Araujo AM, Caffarel MM: The role of the IL-6 

cytokine family in epithelial-mesenchymal plasticity in 
cancer progression. Int J Mol Sci 22:8334, 2021. https://doi.
org/10.3390/ijms22158334

2.  Brown JT, Liu Y, Shabto JM, Martini D, Ravindranathan D, 
Hitron EE, Russler GA, Caulfield S, Yantorni L, Joshi SS, 
Kissick H, Ogan K, Nazha B, Carthon BC, Kucuk O, Harris 
WB, Master VA, Bilen MA: Modified Glasgow Prognostic Score 
associated with survival in metastatic renal cell carcinoma 
treated with immune checkpoint inhibitors. J Immunother 
Cancer 9:e002851, 2021. https://doi.org/10.1136/jitc-2021-
002851

3. Commisso C, Davidson SM, Soydaner-Azeloglu RG, Parker 
SJ, Kamphorst JJ, Hackett S, Grabocka E, Nofal M, Drebin 
JA, Thompson CB, Rabinowitz JD, Metallo CM, Heiden MGV, 
Bar-Sagi D: Macropinocytosis of protein is an amino acid 
supply route in ras-transformed cells. Nature 497:633-637, 
2013. https://doi.org/10.1038/nature12138

4. Eckart A, Struja T, Kutz A, Baumgartner A, Baumgartner T, 
Zurfluh S, Neeser O, Huber A, Stanga Z, Mueller B, Schuetz 
P: Relationship of nutritional status, inflammation, and serum 
albumin levels during acute illness: A prospective study. 
Am J Med 133:713-722, 2020. https://doi.org/10.1016/j.
amjmed.2019.10.031

5. Erpolat OP, Akmansu M, Goksel F, Bora H, Yaman E, 
Büyükberber S: Outcome of newly diagnosed glioblastoma 
patients treated by radiotherapy plus concomitant and 
adjuvant temozolomide: A long-term analysis. Tumori 95:191-
197, 2009. https://doi.org/10.1177/030089160909500210

6.  Evans TW: Review article: Albumin as a drug-biological effects 
of albumin unrelated to oncotic pressure. Aliment Pharmacol 
Ther 16:6-11, 2002. https://doi.org/10.1046/j.1365-2036.16.
s5.2.x

7. Fanali G, Masi Ad, Trezza V, Marino M, Fasano M, Ascenzi 
P: Human serum albumin: From bench to bedside. Mol 
Aspects Med 33:209-290, 2012. https://doi.org/10.1016/j.
mam.2011.12.002

8. GBD 2016 Brain and Other CNS Cancer Collaborators: Global, 
regional, and national burden of brain and other CNS cancer, 
1990-2016: A systematic analysis for the Global Burden of 
Disease Study 2016. Lancet Neurol 18:376-393, 2019

9. Gburek J, Konopska B, Gołąb K: Renal handling of albumin-
from early findings to current concepts. Int J Mol Sci 22:5809, 
2021. https://doi.org/10.3390/ijms22115809



10 10 | Turk Neurosurg, 2024

Pei Y. et al: ALB/GGT ratio in High-Grade Glioma

32. Pandey V, Fleming-Martinez A, Bastea L, Doeppler HR, 
Eisenhauer J, Le T, Edenfield B, Storz P: CXCL10/CXCR3 
signaling contributes to an inflammatory microenvironment 
and its blockade enhances progression of murine pancreatic 
precancerous lesions. Elife 10:e60646, 2021. https://doi.
org/10.7554/eLife.60646

33. Quinlan GJ, Margarson MP, Mumby S, Evans TW, Gutteridge 
JM: Administration of albumin to patients with sepsis 
syndrome: A possible beneficial role in plasma thiol repletion. 
Clin Sci (Lond) 95:459-465, 1998. https://doi.org/10.1042/
cs0950459

34. Reithmeier T, Kuzeawu A, Hentschel B, Loeffler M, Trippel M, 
Nikkhah G: Retrospective analysis of 104 histologically proven 
adult brainstem gliomas: Clinical symptoms, therapeutic 
approaches and prognostic factors. BMC Cancer 14:115, 
2014. https://doi.org/10.1186/1471-2407-14-115

35. Rica Rdl, Borges M, Aranda M, Castillo AD, Socias A, Payeras 
A, Rialp G, Socias L, Masmiquel L, Gonzalez-Freire M: Low 
albumin levels are associated with poorer outcomes in a case 
series of COVID-19 patients in spain: A retrospective cohort 
study. Microorganisms 8:1106, 2020. https://doi.org/10.3390/
microorganisms8081106

36. Sahin AB, Cubukcu E, Ocak B, Deligonul A, Orhan SO, 
Tolunay S, Gokgoz MS, Cetintas S, Yarbas G, Senol K, 
Goktug MR, Yanasma ZB, Hasanzade U, Evrensel T: Low pan-
immune-inflammation-value predicts better chemotherapy 
response and survival in breast cancer patients treated with 
neoadjuvant chemotherapy. Sci Rep 11:14662, 2021. https://
doi.org/10.1038/s41598-021-94184-7

37. Sánchez-Gastaldo A, Muñoz-Fuentes MA, Molina-Pinelo S, 
Alonso-García M, Boyero L, Bernabé-Caro R: Correlation 
of peripheral blood biomarkers with clinical outcomes in 
NSCLC patients with high PD-L1 expression treated with 
pembrolizumab. Transl Lung Cancer Res 10:2509-2522, 
2021. https://doi.org/10.21037/tlcr-21-156

38. Sanna E, Tanca L, Cherchi C, Gramignano G, Oppi S, Chiai 
MG, Macciò A, Madeddu C: Decrease in neutrophil-to-
lymphocyte ratio during neoadjuvant chemotherapy as a 
predictive and prognostic marker in advanced ovarian cancer. 
Diagnostics (Basel) 11:1298, 2021. https://doi.org/10.3390/
diagnostics11071298

39. Seban R-D, Assié J-B, Giroux-Leprieur E, Massiani M-A, 
Bonardel G, Chouaid C, Deleval N, Richard C, Mezquita L, 
Girard N, Champion L: Prognostic value of inflammatory 
response biomarkers using peripheral blood and [18F]-FDG 
PET/CT in advanced NSCLC patients treated with first-line 
chemo- or immunotherapy. Lung Cancer 159:45-55, 2021. 
https://doi.org/10.1016/j.lungcan.2021.06.024

40. Shen J, Tang L, Zhang X, Peng W, Wen T, Li C, Yang J, Liu G: A 
Novel index in hepatocellular carcinoma patients after curative 
hepatectomy: Albumin to gamma-glutamyltransferase ratio 
(AGR). Front Oncol 9:817, 2019. https://doi.org/10.3389/
fonc.2019.00817

41. Strasak AM, Pfeiffer RM, Klenk J, Hilbe W, Oberaigner W, 
Gregory M, Concin H, Diem G, Pfeiffer KP, Ruttmann E, Ulmer 
H, Group VHMaPPS: Prospective study of the association of 
gamma-glutamyltransferase with cancer incidence in women. 
Int J Cancer 123:1902-1906, 2008. https://doi.org/10.1002/
ijc.23714

21. Li J, Zhou X, Xiang Y, Zhang S, Feng W, Yuan Y, Liu Y, Yin 
S: Clinical significance of preoperative fibrinogen to albumin 
ratio in patients with glioblastoma: A singe center experience. 
Cancer Manag Res 13:3259-3269, 2021. https://doi.
org/10.2147/CMAR.S305025

22. Li S, Xu H, Wu C, Wang W, Jin W, Gao H, Li H, Zhang S, Xu 
J, Zhang W, Xu S, Li T, Ni Q, Yu X, Liu L: Prognostic value 
of γ-glutamyltransferase-to-albumin ratio in patients with 
pancreatic ductal adenocarcinoma following radical surgery. 
Cancer Med 8:572-584, 2019. https://doi.org/10.1002/
cam4.1957

23. Li X, Yan H, Wu J, Zhang L: Tobacco smoking associates with 
NF1 mutations exacerbating survival outcomes in gliomas. 
Biomark Res 10:78, 2022. https://doi.org/10.1186/s40364-
022-00430-z

24. Liu H, Qiu G, Hu F, Wu H: Fibrinogen/albumin ratio index is an 
independent predictor of recurrence-free survival in patients 
with intrahepatic cholangiocarcinoma following surgical 
resection. World J Surg Oncol 19:218, 2021. https://doi.
org/10.1186/s12957-021-02330-2

25. Lusho S, Durando X, Mouret-Reynier M-A, Kossai M, 
Lacrampe N, Molnar I, Penault-Llorca F, Radosevic-Robin 
N, Abrial C: Platelet-to-lymphocyte ratio is associated with 
favorable response to neoadjuvant chemotherapy in triple 
negative breast cancer: A study on 120 patients. Front Oncol 
11:678315, 2021. https://doi.org/10.3389/fonc.2021.678315

26. McBain C, Lawrie TA, Rogozińska E, Kernohan A, 
Robinson T, Jefferies S: Treatment options for progression 
or recurrence of glioblastoma: A network meta-analysis. 
Cochrane Database Syst Revi 5:CD013579, 2021. https://doi.
org/10.1002/14651858.CD013579.pub2

27. Mok Y, Son DK, Yun YD, Jee SH, Samet JM: 
γ-Glutamyltransferase and cancer risk: The Korean cancer 
prevention study. Int J Cancer 138:311-319, 2016. https://doi.
org/10.1002/ijc.29659

28. Nagumo K, Tanaka M, Chuang VTG, Setoyama H, Watanabe 
H, Yamada N, Kubota K, Tanaka M, Matsushita K, Yoshida 
A, Jinnouchi H, Anraku M, Kadowaki D, Ishima Y, Sasaki Y, 
Otagiri M, Maruyama T: Cys34-cysteinylated human serum 
albumin is a sensitive plasma marker in oxidative stress-
related chronic diseases. PLoS One 9:e85216, 2014. https://
doi.org/10.1371/journal.pone.0085216

29. Nakano H, Hashimoto H, Mochizuki M, Naraba H, Takahashi 
Y, Sonoo T, Nakamura K: Hypoalbuminemia on admission as 
an independent risk factor for acute functional decline after 
infection. Nutrients 13:26, 2020. https://doi.org/10.3390/
nu13010026

30. Nojiri S, Joh T: Albumin suppresses human hepatocellular 
carcinoma proliferation and the cell cycle. Int J Mol Sci 
15:5163-5174, 2014. https://doi.org/10.3390/ijms15035163

31. Ostrom QT, Bauchet L, Davis FG, Deltour I, Fisher JL, Langer 
CE, Pekmezci M, Schwartzbaum JA, Turner MC, Walsh KM, 
Wrensch MR, Barnholtz-Sloan JS: The epidemiology of 
glioma in adults: A “state of the science” review. Neuro Oncol 
16:896-913, 2014. https://doi.org/10.1093/neuonc/nou087



  11 Turk Neurosurg, 2024 | 11

Pei Y. et al: ALB/GGT ratio in High-Grade Glioma

47. Woo PYM, Lee JWY, Lam SW, Pu JKS, Chan DTM, Mak CHK, 
Ho JMK, Wong ST, Po YC, Lee MWY, Chan KY, Poon WS: 
Radiotherapy-induced glioblastoma: Distinct differences 
in overall survival, tumor location, pMGMT methylation and 
primary tumor epidemiology in Hong Kong chinese patients. 
Br J Neurosurg 38:385-392, 2024. https://doi.org/10.1080/02
688697.2021.1881445

48. Yang Y, Han Y, Hu X, Wang W, Cui G, Guo L, Zhang X: 
An improvement of survival stratification in glioblastoma 
patients via combining subregional radiomics signatures. 
Front Neurosci 15:683452, 2021. https://doi.org/10.3389/
fnins.2021.683452

49. Zhang A, Xu H, Zhang Z, Liu Y, Han X, Yuan L, Ni Y, Gao S, 
Xu Y, Chen S, Jiang J, Chen Y, Zhang X, Lou M, Zhang J: 
Establishment of a nomogram with EMP3 for predicting clinical 
outcomes in patients with glioma: A bi-center study. CNS 
Neurosci Ther 27:1238-1250, 2021. https://doi.org/10.1111/
cns.13701

50. Zheng J, Zhou Z, Qiu Y, Wang M, Yu H, Wu Z, Wang X, Jiang X: 
A prognostic ferroptosis-related lncRNAs signature associated 
with immune landscape and radiotherapy response in glioma. 
Front Cell Dev Biol 9:675555, 2021. https://doi.org/10.3389/
fcell.2021.675555

42. Strasak AM, Rapp K, Brant LJ, Hilbe W, Gregory M, Oberaigner 
W, Ruttmann E, Concin H, Diem G, Pfeiffer KP, Ulmer H, 
Group VPS: Association of gamma-glutamyltransferase and 
risk of cancer incidence in men: A prospective study. Cancer 
Res 68:3970-3977, 2008. https://doi.org/10.1158/0008-5472.
CAN-07-6686

43. Stupp R, Mason WP, Bent MJvd, Weller M, Fisher B, Taphoorn 
MJB, Belanger K, Brandes AA, Marosi C, Bogdahn U, 
Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A, 
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO, 
Groups EOfRaToCBTaR, Group NCIoCCT: Radiotherapy plus 
concomitant and adjuvant temozolomide for glioblastoma. 
N Engl J Med 352:987-996, 2005. https://doi.org/10.1056/
NEJMoa043330

44. Sun L, Ke X, Wang D, Yin H, Jin B, Xu H, Du S, Xu Y, Zhao H, 
Lu X, Sang X, Zhong S, Yang H, Mao Y: Prognostic value of the 
albumin-to-γ-glutamyltransferase ratio for gallbladder cancer 
patients and establishing a nomogram for overall survival. 
J Cancer 12:4172-4182, 2021. https://doi.org/10.7150/
jca.49242

45. Takemura K, Board PG, Koga F: A systematic review of serum 
γ-glutamyltransferase as a prognostic biomarker in patients 
with genitourinary cancer. Antioxidants (Basel) 10:549, 2021. 
https://doi.org/10.3390/antiox10040549

46. Wang G, Zhou H, Tian L, Yan T, Han X, Chen P, Li H, Wang W, 
Xiao Z, Hou L, Xue X: A prognostic DNA damage repair genes 
signature and its impact on immune cell infiltration in glioma. 
Front Oncol 11:682932, 2021. https://doi.org/10.3389/
fonc.2021.682932

Supplementary Figure 1: The Kaplan-Meier survival curves 
for OS based on BMI value. The high-risk glioma patients with 
BMI value >26.61, presented a shorter OS than low-risk patients 
(p<0.0001).

Supplementary Figure 2. The Kaplan-Meier survival curves for 
OS based on WHO. The high-risk group was defined as glioma 
patients with WHO IV. The results indicated high-risk group 
presented a shorter OS than low-risk patients (p<0.0001).
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Supplementary Figure 5: The Kaplan-Meier survival curves 
for OS based on smoking history. High-risk group patients with 
smoking history, presented a shorter OS (p=0.001).

Supplementary Figure 3: The Kaplan-Meier survival curves for 
OS based on PLT. High-risk group patients with PLT> 115 ×109/L, 
presented a shorter OS (p=0.023).

Supplementary Figure 4: The Kaplan-Meier survival curves for 
OS based on WHO. The glioma patients were high-risk when FIB 
>3.4, and high-risk patients had shorter OS (p=0.00098).


