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Background: The present study explored the predictive value of systemic inflammatory indexes in 
diagnosing grade III gliomas of oligodendroglial origin. 
Methods: A retrospective study of 154 patients with grade III gliomas was conducted. Systemic 
inflammatory indexes, including neutrophil-to-lymphocyte ratio (NLR), albumin-to-gamma-glutamyl 
transferase ratio (AGR), platelet-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, prognostic nutritional 
index, and fibrinogen-to-albumin ratio, were reviewed. The resulting predictive model was externally 
validated using a demographic-matched cohort of 49 grade III glioma patients.
Results: In the training set, gliomas of oligodendroglial origin tended to have a lower NLR (P=0.018) and 
a higher AGR (P=0.036) than those with tumors of astrocytic origin. Moreover, both NLR and AGR had 
predictive value for oligodendroglial tumors, when compared with astrocytic tumors. The best diagnostic 
value was obtained using NLR + AGR (AUC =64.9%, 95% CI: 55.5–74.3%, P=0.005). In the validation 
set, NLR + AGR satisfactorily predicted the presence of oligodendroglial tumors (AUC =66.5%, 95% CI: 
50.6–82.4%, P<0.05) and co-deletion of 1p/19q (AUC =73.7%, 95% CI: 59.2–88.1%, P=0.005). Multivariate 
analysis further demonstrated NLR + AGR as an independent predictor for overall survival.
Conclusions: Pretreatment NLR and AGR aid in prognosis and diagnosing grade III oligodendroglial 
gliomas.
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Introduction

Gliomas are among the most common intracranial tumors. 
The majority are high grade gliomas with a very dismal 
prognosis, despite the application of optical treatments (1). 
A subgroup of patients with gliomas of oligodendroglial 
origin usually has much better survival (1,2). Identifying 
these patients would allow clinicians to administer the most 
appropriate treatments. Generally, molecular markers, 
including co-deletion of 1p/19q and IDH mutation, are 
involved in glioma differentiation (3). However, most 
gliomas are defined as post-operatively and are expensive 
to characterize. Glioma detection technologies remain 
unavailable in many medical centers globally. Therefore, 
identifying simple and non-invasive factors to predict 
gliomas of oligodendroglial origin preoperatively would be 
valuable.

Inflammation is a key component of the tumor 
microenvironment. Increasing evidence has highlighted 
the critical role of systemic inflammation in carcinogenesis, 
tumor metastasis, and tumor recurrence (4,5). Systemic 
inflammatory indexes, including the neutrophil-to-
lymphocyte ratio (NLR) (6,7), platelet-to-lymphocyte 
ratio (PLR) (8), lymphocyte-to-monocyte ratio (LMR) (9), 
albumin-to-gamma-glutamyl transferase ratio (AGR) (10), 
prognostic nutritional index (PNI) (11), and fibrinogen-to-
albumin ratio (FAR) (12) have been demonstrated to predict 
survival in various malignant tumors. The prognostic 
significance of these indexes for gliomas have also been 
investigated in previous studies, but mostly in glioblastomas 
(13-16). Moreover, the combination of NLR + LMR has 
been revealed as a non-invasive biomarker in glioblastoma 
diagnosis (17). Additionally, our previous studies have shown 
that preoperative PNI and a cumulative score based on 
albumin and fibrinogen levels predicted the overall survival 
(OS) of patients with high grade gliomas (18,19). However, 
few studies have investigated the role of inflammatory 
indexes in grade III gliomas, which usually have a much 
better prognosis, especially those of oligodendroglial origin.

The loss of heterozygosity (LOH) of 1p/19q is the 
most important molecular aberration associated with 
oligodendrogliomas (20). Interestingly, a previous 
study has proposed that genes linked to inflammation 
are overexpressed in patients with intact 1p/19q genes, 
explaining the more aggressive behavior of this subgroup 
of gliomas (21). Therefore, we hypothesized that the 
status of 1p/19q co-deletion could be characterized by 
inflammatory indexes, thereby aiding in diagnosing gliomas 

of oligodendroglial origin.
To address this issue, we performed a retrospective 

study to assess the predictive roles of pretreatment 
levels of inflammatory indexes in the diagnosis of 
oligodendrogliomas and their prognostic significance for 
patients with grade III gliomas. 

Methods

Study population

From January 2001 to December 2016, a total of 217 
patients pathologically diagnosed with WHO grade III 
gliomas were retrospectively reviewed in our study. The 
following inclusion criteria were used: (I) pathological 
confirmation of WHO grade III gliomas, (II) absence 
of other malignancies, (III) absence of other anti-tumor 
treatments prior to admission, (IV) availability of complete 
clinical information and follow-up data. The exclusion 
criteria were as follows: (I) acute infection or chronic 
active inflammatory diseases, (II) autoimmune diseases or 
haematological disorders, (III) glucocorticoid treatment 
prior to admission and (IV) perioperative surgery-related 
mortality. and enrolled in the present study. Fourteen 
patients were excluded according to the criteria above. The 
remaining 203 patients were enrolled in this study. One 
hundred fifty-four patients treated from January 2001 to 
July 2014 were enrolled as the training set, and 49 patients 
identified from August 2014 to December 2016 were 
enrolled as the validation set (Figure S1). All the procedures 
in the current study were approved by the ethics committee 
of Sun Yat-sen University Cancer Centre. Written informed 
consent was obtained from all the patients.

Data collection

Demographic and clinical-pathological variables, including 
age, gender, Karnofsky performance status (KPS), 
pathological diagnoses, tumor size, tumor location, the 
extent of resection, and therapeutic information, were 
collected using an electronic medical record system. 
Formalin-fixed, paraffin-embedded tissue blocks, and 
slides were retrieved from the archives of the Pathology 
Department at Sun Yat-sen University Cancer Centre. 
The tumor size was defined as the maximum diameter 
measured on pretreatment enhanced T1-weighted MRI. 
The extent of resection was recorded as gross total resection 
(GTR), subtotal resection (STR), partial resection, and 
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biopsy. The extent of resection was determined based on 
a contrast-enhanced head MRI scan performed within  
72 h post-surgery, in addition to operation notes. Complete 
blood cell counts, serum albumin, and gamma-glutamyl 
transferase levels were evaluated before treatment. Systemic 
inflammatory indexes, including NLR, AGR, PLR, LMR, 
PNI, and FAR were reviewed. 

For all the patients, follow-up started from the date of 
surgery. Patients were generally followed up every 3 months 
for the first year, semi-annually for the following 2 years, 
and annually thereafter. On follow-up, it was suggested that 
patients undergo a repeat contrasted MRI scan. By the last 
follow-up date, clinical attendance was verified through 
direct telecommunication with patients or their families. 
Overall survival (OS) was calculated from the day of surgery 
to the date of death or the date of the last follow-up visit. 

Evaluation of O6 methylguanine-DNA-methyl transferase 
(MGMT) expression and 1p/19q LOH status

Surgical tissue specimens were routinely formalin-fixed, 
paraffin-embedded, and sectioned at a 5 μm thickness for 
immunostaining using the streptavidin-biotin complex 
technique. All the slides were incubated with mouse 
monoclonal anti-MGMT at a 1:250 dilution (MT3.1; 
Abcam, Cambridge, UK). MGMT immunostaining was 
semi-quantitatively scored as 1= <5%, 2=5% to 10%, 3=10% 
to 25%, and 4= >25%, based on positive nuclear staining. A 
score of 1–2 was considered negative, whereas a score of 3–4 
was positive.

The copy number statuses of 1p and 19q were assessed 
through fluorescence in situ hybridization (FISH) in 
formalin-fixed paraffin-embedded tumor tissues using a 
1p36/1q25 Dual Color Probe, and a 19q13/19p13 Dual 
Color Probe (Vysis, Abbott Laboratories, Illinois, USA) 
in accordance with the manufacturer’s instructions, with 
minor modifications. FISH signals for each locus-specific 
FISH probe were assessed using an Olympus BX51 TRF 
microscope (Olympus Corporation, Tokyo, Japan) equipped 
with a triple-pass filter (DAPI/Green/Orange, Vysis). At 
least 100 nonoverlapping nuclei were assessed to count 
a 1p/1q ratio and a 19q/19p ratio, and a ratio <0.75 was 
diagnosed as a loss. We try to obtain tumor tissue from 
all enrolled patients for 1p/19q LOH evaluation, but we 
failed to determine the 1p/19q LOH status of patients in 
the training set due to tissue quality. Thus, evaluation of 
1p/19q co-deletion was conducted only in the validation set. 

Because of incomplete information concerning the status 
of 1p/19q, the diagnosis of grade III glioma was made in 
accordance with the 2007 WHO classification of central 
nervous system tumors (17).

Statistical analysis

Differences in baseline and clinicopathological parameters 
between groups were evaluated using a chi-square test or 
Fisher’s exact test based on the type of data. All analyses 
were carried out using SPSS software, version 24.0 (IBM 
Corp., Armonk, NY, USA). The diagnostic performance 
of the systemic inflammatory indexes was assessed using 
values of the area under the curve (AUC) obtained from 
the receiver operating characteristic (ROC) curve. Kaplan-
Meier survival analysis was performed. Differences between 
the curves were analyzed using the log-rank test. Cox 
proportional hazards models were adopted to calculate 
the hazard ratios (HRs) of death with regard to univariate 
or multivariate analysis. A two-tailed P value <0.05 was 
considered to be statistically significant.

Results

Patient characteristics and treatment modality in the 
training set

The baseline characteristics of all the patients in the 
training set are shown in Table 1. The median age of the 
patients was 40.0 years, and the majority of the patients 
were male (n=92, 59.7%). A total of 114 (74.0%) patients 
were diagnosed with anaplastic astrocytomas, 31 (20.1%) 
with anaplastic oligodendrogliomas, and nine (5.8%) with 
anaplastic oligoastrocytomas. The expression of MGMT 
was determined through immunohistochemistry (IHC) in 
101 (65.6%) patients, which was negative in 55 patients, and 
positive in 46 patients. 

Samples used to assess the status of 1p/19q deletion 
were only available in 27 patients, where the co-deletion 
of 1p/19q was demonstrated in five patients. Additionally, 
single deletion at 1p and 19q was confirmed in one and 
six patients, respectively. GTR was achieved in more than 
half of all patients (n=90, 58.4%), and 29.9% (n=46) of 
patients underwent STR, while 11.7% underwent partial 
resection (n=19). Adjuvant radiotherapy and chemotherapy 
were undertaken in 84 patients (54.5%). The treatment 
modalities for all the patients in the training set are 
summarized in Table 2. 

http://www.baidu.com/link?url=xlZrx5GvFUWlm9K8LyUXJf55lJK41bcfCvmI7d8xyrZNi7Q4ehFC941xw7slQkrV-kFG-lrVGU31XQsW63DNEHLJqc9HEX_6WG5cgcTYbyGcLcjmSCK4wZFkYihEpCWTUXD1PRMuZ1JxkaiKcQ9uFK
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NLR and AGR were significantly correlated with tumor 
oligodendroglial components

The median values and ranges of the inflammation indexes 
are presented in Table 3. The optimal cut-offs for NLR, 
PNI, AGR, and FAR were determined through ROC 
analysis (Figure 1). The median value was set as the cut-off 
for LMR and PLR since there were no significant results 
in the ROC analysis. To explore the potential associations 
between clinical-pathological features and inflammation 
indexes, patients were divided into two groups based on the 
cut-off of each index (Table 1).

Intriguingly, patients with gliomas containing an 
oligodendroglial component were inclined to have lower 
NLR (P=0.018) and higher AGR (P=0.036), than those 
with tumors of astrocytic origin. In contrast, the other four 
indexes were not found to be associated with the presence 
of an oligodendroglial component. PNI was associated 
with tumor size and MGMT expression levels. In addition, 

as shown in Table 1, LMR, and AGR were significantly 
associated with gender, while FAR and AGR were associated 
with age (all P<0.05). 

Moreover, we assessed the association between the 
combination of NLR + AGR and the presence of an 
oligodendroglial component. According to the optimal cut-
off values of NLR and AGR, patients with NLR ≤2.295 
were attributed with a score of 0, and patients with NLR 
>2.295 were attributed with a score of 1. Patients with 
AGR ≥1.712 were attributed with a score of 0, and patients 
with AGR <1.712 were attributed with a score of 1. After 
the combination of NLR and AGR scores, patients with 
elevated NLR and decreased AGR levels were allocated to 
a score =2, those with only elevated NLR or only decreased 
AGR were allocated to a score =1 and those with decreased 
NLR and elevated AGR levels were allocated with a score 
=0. Based on the accumulative score of NLR + AGR, 
Patients were divided into three subgroups. NLR + AGR 
was demonstrated to be strongly negatively correlated with 
the presence of an oligodendroglial component (χ²=9.78, 
P=0.008).

Systemic inflammatory indexes predict prognosis in WHO 
grade III gliomas

To investigate the prognostic potential of these systemic 
inflammatory indexes, patients in the training set were 
divided into two groups in accordance with the cut-off 
values determined through ROC analysis or median values. 
The median survival of patients in the training set was  
25.53 months. As shown in Figure 2, only LMR failed 
to show any prognostic power, while NLR (P=0.002), 
PLR (P=0.021), AGR (P<0.001), PNI (P<0.001) and FAR 
(P<0.001) can significantly predict OS in grade III glioma 
patients. 

NLR + AGR aids in diagnosing oligodendroglial tumors 
and predicts chromosomal deletion at 1p/19q

Next, we further assessed the efficacy of NLR and AGR in 
predicting the presence of an oligodendroglial component. 
A ROC analysis indicated that both NLR (AUC =62.6%, 
95% CI: 53.1–72.1%, P=0.018) and AGR (AUC =60.5%, 
95% CI: 50.0–71.0%, P=0.048) had significant predictive 
value for tumors of oligodendroglial origin, when compared 
with those of astrocytic origin. The best diagnostic value 
was obtained using the combination of NLR + AGR (AUC 

Table 2 Treatment modality for the patients in training set (n=154)

Treatment madality N (%)

Surgical resection only 42 (27.3)

Surgery→Radiotherary 21 (13.6)

Surgery→Radiotherary→Chemotheraphy (A) 55 (35.7)

Surgery→Radiotherary→Chemotheraphy (B) 29 (18.8)

Surgery→Chemotheraphy (A) 2 (1.3)

Surgery→Chemotheraphy (B) 5 (3.2)

A, Temozolomide-based; B, nitrosourea-based or platinum-
based.

Table 3 Preoperative value of systematic inflammation markers

Indexes Median (range) Cut off value

NLR 2.871 (0.667–22.43) 2.295

PLR 123.3 (35.58–531.4) 123.3

LMR 4.333 (0.500–27.00) 4.333

AGR 1.877 (0.147–9.756) 1.712

PNI 52.95 (40.40–70.89) 52.55

FAR 0.0594 (0.0348–0.1530) 0.0597

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; AGR, 
albumin-to-gamma-glutamyl transferase ratio; PNI, prognostic 
nutritional index; FAR, fibrinogen-to-albumin ratio.



He et al. Pretreatment NLR-AGR predicts grade III gliomas

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(22):623 | http://dx.doi.org/10.21037/atm.2019.11.24

Page 6 of 13

=64.9%, 95% CI: 55.5–74.3%, P=0.005) (Figure 3A). 
Furthermore, the combination score based on NLR and 
AGR levels showed significant prognostic power in WHO 
grade III glioma patients (P<0.001) (Figure 3B).

An independent set of 49 consecutive patients with grade 
III gliomas was used to validate the predictive capability 
of NLR + AGR statistically. There was no significant 
difference between the training and validation datasets with 
regard to age, KPS, the extent of resection, and treatment 
modalities (all P>0.05). A ROC analysis indicated that NLR 
+ AGR had significant predictive value for the presence of 
an oligodendroglial component (AUC =66.5%, 95% CI: 
50.6–82.4%, P<0.05) (Figure 4A). 

Furthermore, considering the key role of 1p/19q LOH 

in the diagnosis of oligodendrogliomas, we also evaluated 
the efficacy of NLR + AGR in predicting the co-deletion of 
1p/19q, compared with a single deletion or intact 1p/19q 
in the validation set. NLR + AGR displayed a satisfactory 
predictive capability (AUC =73.7%, 95% CI: 59.2–88.1%, 
P=0.005) (Figure 4B).

Univariate and multivariate Cox regression analysis of the 
role of NLR + AGR in predicting OS

In the training set, the median duration of follow-up was 
22.0 months (interquartile range, 14.2–45.0 months). At the 
last follow-up, 106 (68.8%) patients had died, with a median 
OS of 25.53 months (95% CI: 16.90–34.16 months). Age, 

Figure 1 ROC curves. Receiver operating characteristic (ROC) analyses were performed to evaluate the optimal cut-off values of systemic 
inflammatory indexes. NLR (A), AGR (B), PNI (C) and FAR (D) showed statistically significant results, and cut-off values were determined 
using the Youden index. Since PLR and LMR failed in the ROC analysis, median values were set as the cut-off value. NLR, neutrophil-to-
lymphocyte ratio; AGR, albumin-to-gamma-glutamyl transferase ratio; PNI, prognostic nutritional index; FAR, fibrinogen-to-albumin ratio; 
PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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gender, KPS, the extension of resection, tumor location, 
treatment modality, MGMT expression, and NLR + AGR 
were included in the Cox regression analysis. 

In the univariate analysis, NLR + AGR, along with 
traditional predictors, including age, KPS, the extent 
of resection, and adjuvant chemo-radiotherapy, showed 
significant associations with OS (all P<0.05). In a 
multivariate model, NLR + AGR remained a risk factor for 
OS independent of the other factors (Table 4). Patients with 
an NLR + AGR value of 2 had a 3.9-fold increased risk of 
death compared with those with an NLR + AGR of 0. 

Discussion

High grade gliomas are usually associated with very 
poor prognosis.  However,  a subgroup of patients 
with an oligodendroglial component has much better  
survival (2). The presence of a 1p/19q co-deletion is 
essential in diagnosing oligodendrogliomas, but this 
can only be assessed postoperatively and is expensive 
to measure. Therefore, it is of value to explore non-
invasive and economical methods in predicting gliomas of 
oligodendroglial origin. 

O u r  s t u d y  s h o w e d  t h a t  o n l y  N L R  a n d  A G R 

Figure 2 Kaplan-Meier survival curves of WHO grade III glioma patients in the training set. Patients were divided into two groups 
according to the cut-off values of all six inflammatory indexes. Cut-off values of all six indexes are shown in Table 3. Five out of six 
inflammatory indexes, including NLR (A, P=0.002), PLR (B, P=0.021), AGR (D, P<0.001), PNI (E, P<0.001) and FAR (F, P<0.001) can 
significantly predict OS in grade III glioma patients. LMR (C, P=0.668) fails to show significant result in survival analysis. NLR, neutrophil-
to-lymphocyte ratio; AGR, albumin-to-gamma-glutamyl transferase ratio; PNI, prognostic nutritional index; FAR, fibrinogen-to-albumin 
ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio.
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Figure 3 Predictive value of NLR-AGR score for WHO grade III glioma patients in the training set. (A) ROC analysis showed that the 
combined NLR-AGR score had a larger AUC (AUC =64.9%, 95% CI: 55.5–74.3%, P=0.005) than that of NLR (AUC =62.6%, 95% CI: 
53.1–72.1%, P=0.018) or AGR (AUC =60.5%, 95% CI: 50.0–71.0%, P=0.048) alone in predicting an oligodendroglial component in grade 
III glioma patients. (B) The Kaplan-Meier method and a log-rank test were used to investigate the differences in OS in grade III glioma 
patients by NLR-AGR score. Patients with a low NLR-AGR score demonstrated a higher OS compared with patients with a higher NLR-
AGR score (P<0.001). NLR, neutrophil-to-lymphocyte ratio; AGR, albumin-to-gamma-glutamyl transferase ratio.
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Figure 4 Predictive value of NLR-AGR score for WHO grade III glioma patients in the validation set. (A) ROC analysis showed that 
the NLR-AGR score can significantly predict the oligodendrocyte component in the validation set (AUC =66.5%, 95% CI: 50.6–82.4%, 
P<0.05). (B) ROC analysis showed that the NLR-AGR score can also significantly predict 1p/19q LOH in the validation set (AUC =73.7%, 
95% CI: 59.2–88.1%, P=0.005). NLR, neutrophil-to-lymphocyte ratio; AGR, albumin-to-gamma-glutamyl transferase ratio.
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were significantly associated with the presence of an 
oligodendroglial component. The combination of NLR 
+ AGR has a satisfactory predictive value in the diagnosis 
of oligodendrogliomas and the co-deletion of 1p/19q. 
Furthermore, patients with NLR >2.295 and AGR 
<1.712 had a 3.9-fold increased risk of death compared 
with those with NLR ≤2.295 and AGR ≥1.712. To the 
best of our knowledge, our study is the first to reveal the 
predictive value of inflammatory indexes in the diagnosis of 
oligodendrogliomas.

The current study revealed that NLR and AGR could 
serve as economical and non-invasive markers predicting the 
presence of an oligodendroglial component among patients 
with grade III gliomas. Moreover, a combination of NLR 
and AGR also had a strong independent association with 
the OS of patients with grade III gliomas. Although FISH is 
a routine method to determine 1p/19q status, this method 
remains unavailable in some institutes. Moreover, FISH 

false-positive results are another problem compromising 
the application and reliability of 1p19q status detection. 
Therefore, the value of NLR and AGR in predicting the 
presence of an oligodendroglial component and OS could 
provide an alternative to direct 1p19q status detection 
results and could help in evaluating patient prognosis and 
planning treatment before surgery.

Generally, glioma patients with an oligodendroglial 
component have much better survival than those without. 
According to updated classifications, the diagnosis of an 
anaplastic oligodendroglioma requires the presence of 
1p/19q co-deletion (3). In the present study, the majority of 
patients in the training set lacked information concerning 
their 1p/19q status, since all of them were treated before 
August 2014. We tried to obtain this information but 
failed. To address this issue, we enrolled a validation set 
of patients treated post-August 2014, where 1p/19q status 
was available. The association between the presence of 

Table 4 The multivariate analysis of the prognostic factors for OS in patients with WHO Grade III gliomas in the training set (n=154)

Variables 
Overall survival

HR 95% CI P value

Age, years 0.003

<60 1 Reference

≥60 2.49 1.37–4.53

KPS 0.033

≥70 1 Reference

<70 1.99 1.06–3.75

Extent of resection

Gross total resection 1 Reference

Subtotal resection 1.41 0.89–2.22 0.140

Partial resection 5.23 2.75–9.94 <0.001

Adjuvant radiotherapy and 
chemotherapy

<0.001

Yes 1 Reference

No 2.40 1.61–3.58

NLR-AGR Score

0 1 Reference <0.001

1 2.34 1.22–4.56 0.010

2 3.88 1.97–7.67 <0.001

HR, hazard ratio; CI, confidence interval; KPS, Karnofsky performance status; NLR, neutrophil-lymphocyte ratio; AGR, albumin-gamma-
glutamyltransferase ratio.
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an oligodendroglial component and NLR plus AGR was 
confirmed in the validation set. Moreover, lower NLR and 
higher AGR also significantly predicted the co-deletion 
of 1p/19q, which is a strong predictor of prolonged 
survival. Previous studies have demonstrated that both 
NLR and AGR could either reflect the level of systemic 
inflammation or immune proliferation (10,13). Genes 
linked to the immune response and inflammation were 
shown to be overexpressed in oligodendroglial tumors with 
intact 1q19q (21). These findings could help to explain the 
predictive significance of NLR and AGR in the diagnosis 
and prognosis of oligodendroglial tumors. However, the 
causative relationship between these factors is currently 
questionable, and potential mechanisms deserve further 
investigation. 

Cancer can evoke local and systemic inflammatory 
responses, which have been recognized as cancer-related 
inflammation, a hallmark feature of cancer development 
and progression (22). The brain was considered to be 
immune-privileged, although this concept has been 
redefined recently since functional lymphatic vessels 
carrying both fluid and immune cells from the cerebrospinal 
fluid were observed in the dural sinuses (23). Recently, 
Chongsathidkiet et al. reported that sequestration of T 
cells in bone marrow, which was mediated by the loss of 
surface sphingosine-1-phosphate receptor 1 on T cells, 
was only observed in intracranial tumors (24). Jackson et al. 
also reported that the systemic deletion and systemically 
impaired cytotoxicity of antigen-specific CD8+ T cells were 
more obvious in intracranial melanoma than in equivalently 
progressed extracranial tumors (25). These studies suggest 
that brain tumors might also influence systemic immune 
function. Previously, several systemic inflammatory indexes, 
including NLR, PLR, LMR, AGR, PNI, and FAR have 
been demonstrated to predict survival in various malignant 
tumors (6-12). Similarly, the role of these indexes has also 
been explored in glioblastomas (13-16). In the present 
study, we investigated their prognostic significance in 
WHO grade III gliomas. In line with results in glioblastoma 
patients, NLR, PLR, PNI, and FAR were shown to predict 
OS in grade III glioma patients. 

We also evaluated the role of AGR in grade III glioma 
and found that AGR was also an independent prognostic 
factor. Moreover, the combination of AGR and NLR was 
demonstrated to be the most powerful predictor of OS. 
AGR was reported to serve as an independent favorable 
prognostic factor in intrahepatic cholangiocarcinoma 

patients (10). However, its prognostic value has not 
been previously determined in gliomas. The mechanism 
underlying the association between AGR and patient 
outcomes is not very clear. Generally, reduced albumin 
levels and elevated gamma-glutamyl transferase (GGT) 
imply impaired liver function and poor nutritional status, 
which have been widely acknowledged as predictors of 
poor outcomes in cancer patients. In addition, oxidative 
stress, a major product of inflammation that plays an 
important role in carcinogenesis (26), may also partially 
account for this association between AGR and patient  
outcomes (10). Physically, albumin provides abundant anti-
oxidative substances (27). However, GGT plays a key role in 
the metabolism of intracellular glutathione, which protects 
the cell from oxidative damage (28). Therefore, AGR is 
more than a proxy of nutritional status and liver function 
but is also a systemic inflammatory index indicating 
antioxidant balance.

Generally, an increased NLR represents either a 
decrease in the total lymphocyte count and/or an increase 
in the total neutrophil count. The lymphocyte count is an 
index of cell-mediated immunity and plays a central role 
in the cytotoxic immune response of the host. Critical 
subpopulations of lymphocytes, such as CD4+ T helper 
type 1 lymphocytes, CD8+ cytotoxic T lymphocytes, and 
natural killer T cells, have multiple anticancer faculties. 
They can detect and eliminate pre-malignant and malignant 
tumor cells indirectly or directly. These cells can also 
prevent angiogenesis and metastasis (29). Decreased 
lymphocyte counts are associated with impaired cellular 
immunity, resulting in tumor progression and poor survival. 
A low level of CD8+ tumor-infiltrating lymphocytes is 
reported to be associated with an unfavorable prognosis 
in glioblastoma (30), while the presence of neutrophils 
in the tumor microenvironment has been correlated 
with poor prognosis in several studies (31). Neutrophils 
are the first line of defense during inflammation and 
infections. Neutrophils have antimicrobial functions 
such as  phagocytosis  or  cytokine and chemokine  
production (32). However, neutrophils are also found to 
infiltrate in many types of tumor and tumor-associated 
neutrophils (TANs) are reported to be involved in 
genotoxicity, angiogenesis, and immunosuppression (33). 
TANs may exert pro-tumoral functions by favoring genetic 
instability through the release of reactive oxygen species, 
promoting tumor cell proliferation through elastase, 
sustaining angiogenesis through the release of vascular 
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endothelial growth factor or matrix metalloproteases-9, 
enhancing cancer cell invasiveness through soluble 
mediators such as hepatocyte growth factor, and suppressing 
effective CD8+ T-cell immunity through the expression 
of arginase (34,35). Therefore, a higher level of NLR in 
glioma patients indicates a decrease in lymphocytes and/or 
an increase in neutrophils, which may also indicate impaired 
lymphocyte immunological responses and/or increased 
pro-tumoral TANs. This may explain why a higher NLR 
indicates poorer survival. 

As with most retrospective studies, our study has several 
limitations. Firstly, this is a retrospective analysis with a 
moderate sample size and a single-center design, which may 
be subject to selection bias. Secondly, we failed to obtain 
integrated molecular mutation data, including isocitrate 
dehydrogenase 1/2 (IDH1/2) mutation, methylation status 
of telomerase reverse transcriptase (TERT) promoter, 
and α-thalassemia/mental retardation syndrome X-linked 
(ATRX) mutation, which are known to be prognostic 
factors for glioma patients. Despite its preliminary nature, 
the current study has clearly and convincingly showed 
the prognostic value and predictive power of the NLR-
AGR score for grade III glioma patients. However, more 
prospectively designed trials are needed to validate our 
findings.

In summary, the present study showed that a combination 
of pretreatment NLR and AGR could serve as a valuable 
factor for predicting the presence of an oligodendroglial 
component and better OS in WHO grade III glioma 
patients. Both NLR and AGR are easily accessible, non-
invasive, and inexpensive markers that could help in guiding 
the individualized treatment of grade III glioma patients. 
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Figure S1 Enrollment flowchart of 217 pathologically confirmed WHO Grade III glioma patients. A total 217 WHO Grade III glioma 
patients were retrospectively reviewed. One patient was excluded because of previous history of renal carcinoma. Four patients received 
anti-tumor treatment before admission. Two patients were excluded because of glucocorticoid treatment prior to admission. Three patients 
were excluded because of perioperative surgery-related mortality. Four patients were lost to follow-up. 203 patients were remained in this 
cohort. 154 patients treated from January 2001 to July 2014 were enrolled as the training set, and 49 patients identified from August 2014 to 
December 2016 were enrolled as the validation set.


