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Background: Preoperative hematological markers that indicate nutritional, coagulation,

and inflammation statuses have prognostic value for gliomas. This study aimed to

investigate hematological markers with regard to tumor grades, isocitrate dehydrogenase

mutations (IDH), age, and sex in patients with gliomas.

Methods: From 2008 to 2017, patients with a pathological diagnosis of glioma

who underwent surgery were retrospectively enrolled in this study. Information from

clinical records, including age, sex, preoperative experiment tests (routine blood tests,

biochemistry, and coagulation examinations), pathological results, and IDH status, was

collected. A univariable survival analysis was performed. Hematological factors such

as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte-ratio (PLR), and

albumin-to-globulin (AGR) were calculated. The prognostic nutrition index (PNI) was

calculated as 10 × serum albumin value (g/dl) + 0.005 × peripheral lymphocyte count

(per mm3).

Results: Our study included 706 patients. The univariate analysis showed that age,

IDH-1, and hematological factors were all significantly associated with overall survival

(OS) in patients with gliomas. Our results showed that inflammation markers (NLR,

PLR, and fibrinogen) were positively associated with age, whereas AGR was negatively

associated with age. The PLR was significantly increased, whereas the AGR and

PNI were decreased in women with gliomas, as compared with men. We found that

inflammation markers increased and nutrition markers decreased with gliomas grade.

However, these hematological markers did not significantly differ with IDH status.

NLR was the best single hematological marker for distinguishing glioblastoma (GBM)

[0.684 (0.645–0.723)], IDH-wt GBM [0.672 (0.631–0.71)] from other gliomas subtypes.

Combinations of age with PNI and age with AGR were the best predictors of GBM [0.750

(0.713–0.786)] and IDH-wt GBM [0.759 (0.719–0.798)], respectively.

Conclusion: Preoperative hematological marker levels vary among glioma grades and

have high predictive values for GBM.
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INTRODUCTION

Gliomas are the most common malignant primary tumors that
originate from the central nervous systems (CNS) (Ostrom
et al., 2017). According to the 2016 World Health Organization
(WHO) criteria, gliomas are classified as grades I-IV, with
different molecular subtypes and histopathologies (Louis et al.,
2016). Glioma therapies greatly vary across the different grades
and molecular subtypes (Tanase et al., 2015; Nabors et al., 2017).
Designing individual therapies after identifying the glioma grade
and molecular subtype is very helpful. However, the traditional
way to identify the glioma grade and molecular subtype is
to acquire tumor tissue by surgery or biopsy, which causes
significant trauma to the human body. The disadvantages of
conventional invasive methods motivate us to develop a reliable
method for predicting glioma grade and survival.

Recently, mounting evidence has suggested that preoperative
hematological markers related to nutrition, coagulation, and

TABLE 1 | Baseline characteristics.

Age

Mean ± SD 45.15 ± 13.39

Median (range) 45 (7-80)

Gender

Female 299 (42.4%)

Male 407 (57.6%)

Tumor grade

WHO II 238 (33.7%)

WHO III 154 (21.8%)

WHO IV 314 (44.5%)

IDH-1R132H

Mutation 311 (44.1%)

Wild type 395 (55.9%)

Neutrophil (109/L)

Mean ± SD 3.83 ± 1.38

Platelet (109/L)

Mean ± SD 222.64 ± 58.90

Lymphocyte (109/L)

Mean ± SD 1.87 ± 0.62

NLR

Mean ± SD 2.39 ± 1.71

PLR

Mean ± SD 133.26 ± 62.44

Fibrinogen (g/l)

Mean ± SD 2.44 ± 0.61

Albumin (g/L)

Mean ± SD 43.03 ± 3.96

AGR

Mean ± SD 1.87 ± 0.36

PNI

Mean ± SD 52.37 ± 5.27

Data are n (%), unless otherwise indicated. SD, standard deviation; IDH, isocitrate

dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;

AGR, albumin-to-globulin ratio; PNI, prognostic nutrition index.

inflammation are predictive and prognostic factors of cancers
(Perisanidis et al., 2015; He J. et al., 2017; Hwang et al., 2017;
Ye et al., 2018; Zhao et al., 2018). In gliomas, neutrophil-
to-lymphocyte ratio (NLR) (Han et al., 2015; Lopes et al.,
2018), platelet-to-lymphocyte ratio (PLR) (Han et al., 2015),
fibrinogen, albumin-to-globulin ratio (AGR) (Xu W. Z. et al.,
2017), and prognostic nutrition index (PNI) (He Z. Q. et al.,
2017; Xu W. Z. et al., 2017) have been identified as prognostic
markers. Moreover, the levels of these hematological markers
vary among tumor grades, providing diagnostic value for gliomas
(Schwartzbaum et al., 1999; Zadora et al., 2015; Zheng et al.,
2017). However, existing studies that investigated their diagnostic
values have not included all markers. Little is known about the
relationship between age, sex, and the hematological factors for
the prognoses of patients with gliomas.

The present study aimed to identify the tumor grade,
subtype, and clinical outcome in gliomas using hematological
markers. We compared the levels of these hematological
markers, including NLR, PLR, fibrinogen, AGR, and PNI among
patients with different glioma grades and molecular subtypes.
We also performed a receiver operating characteristic curve
(ROC) analysis to identify the optimal combinations for glioma
diagnosis.

METHODS

Study Population
We retrospectively enrolled 706 patients with gliomas at the
Sanbo Brain Hospital, from 2008 to 2017. All patients underwent
surgical treatment and had a pathological diagnosis of glioma
(Louis et al., 2007, 2016). Routine biochemistry and coagulation
blood test results were obtained preoperatively. Patients with
metabolic diseases, hematological diseases, autoimmune diseases,
or current infections were excluded. Patients who were treated
with glucocorticoids or anti-inflammatory drugs were also
not included. IDH-1R132H mutations were determined by
immunohistochemistry, as described in our previous report
(Wang et al., 2017). Overall survival (OS) was calculated from
the date of surgery to death or censored at the final follow-up,
which was in December 2017. This study was approved by the

TABLE 2 | Univariate analysis of prognostic factors.

Variable All gliomas GBM

HR (95% CI) P HR (95% CI) P

Age 1.04 (1.03–1.05) 0.000 1.01 (1.00–1.03) 0.019

Gender 1.04 (0.82–1.31) 0.770 0.96 (0.72–1.28) 0.782

IDH-1R132H 3.25 (2.50–4.23) 0.000 1.75 (1.22–2.50) 0.002

NLR 0.41 (0.31–0.54) 0.000 0.57 (0.41–0.79) 0.001

PLR 0.51 (0.36–0.71) 0.000 0.69 (0.50–0.93) 0.017

Fib 0.37 (0.26–0.52) 0.000 0.59 (0.41–0.83) 0.003

Alb 1.62 (1.24–2.13) 0.000 0.46 (0.25–0.84) 0.012

AGR 2.00 (1.47–2.73) 0.000 1.51 (1.03–2.21) 0.036

PNI 1.69 (1.33–2.14) 0.000 1.73 (1.08–2.76) 0.022
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TABLE 3 | The association of hematological factors with age and gender in gliomas.

Variable All glioma GBM

Age Gender Age Gender

Correlation (r) P Female Male P Correlation (r) P Female Male P

NLR 0.142 0.000 2.42 ± 1.88 2.37 ± 1.57 0.745 0.111 0.050 3.01 ± 2.35 2.71 ± 1.39 0.206

PLR 0.086 0.023 143.56 ± 71.23 125.70 ± 53.95 0.000 0.064 0.256 158.25 ± 81.51 133.06 ± 55.77 0.003

Fib 0.278 0.000 2.47 ± 0.61 2.41 ± 0.61 0.244 0.232 0.000 2.68 ± 0.68 2.57 ± 0.69 0.161

Alb −0.185 0.000 42.65 ± 3.86 43.31 ± 4.02 0.029 −0.198 0.000 41.87 ± 4.13 42.39 ± 4.09 0.275

AGR −0.264 0.000 1.79 ± 0.35 1.92 ± 0.35 0.000 −0.253 0.000 1.67 ± 0.35 1.82 ± 0.37 0.000

PNI −0.229 0.000 51.76 ± 5.32 52.81 ± 5.19 0.009 −0.224 0.000 50.17 ± 5.51 51.19 ± 4.85 0.084

FIGURE 1 | (A) The diversity of NLR in different glioma grades. (B) The diversity of PLR in different glioma grades. (C) The diversity of fibrinogen in different glioma

grades. (D) The diversity of albumin in different glioma grades. (E) The diversity of AGR in different glioma grades. (F) The diversity of PNI in different glioma grades.

ethics committee of the Sanbo Brain Hospital, Capital Medical
University.

Calculations of Hematological Markers
We calculated the hematological markers as follows:
NLR = neutrophil count/lymphocyte count; PLR = platelet
count/lymphocyte count; AGR = albumin/globulin; and
PNI= albumin [g/L]+ total lymphocyte count× 5.

Statistical Analysis
SPSS 22.0, Graph Pad Prism 6, and X-tile 3.61 were used for data
analysis, drawing figures, and identifying continuous variable
cutoffs, respectively. The hematological marker levels were
compared across tumor grades, IDH-1 subtypes, and sexes using
the student’s t-test. The correlation of hematological markers
with age was analyzed with the spearman test. The area under
the curve (AUC) was acquired using ROC analysis, to identify the
diagnostic value of prognostic factors and their combinations. A
univariate analysis was used for the survival analysis. Statistical
significance was determined as p <0.05.

RESULTS

Study Characteristics
The basic clinical characteristics of the 706 patients with gliomas
are shown in Table 1. The median patient age was 45 (7–
80) years, and 42.4% (299/706) of the patients were women.
There were 238 (33.7%), 154 (21.8%), and 314 (44.5%) patients
with grade II, III, and IV gliomas, respectively. The IDH-
1 mutation rate was 44.1% (311/706). The mean neutrophil,
platelet, lymphocyte, albumin, and fibrinogen values were 3.83±
1.38, 222.64 ± 58.90, 1.87 ± 0.62, 43.03 ± 3.96, and 2.44 ± 0.61,
respectively. The mean NLR, PLR, AGR, and PNI were 2.39 ±

1.71, 133.26 ± 62.44, 1.87 ± 0.36, and 52.37 ± 5.27, respectively.
The survival analysis showed that younger age; IDH-1mutations;
higher albumin, AGR, and PNI levels; and lower NLR, PLR, and
fibrinogen levels were favorable prognostic factors of OS in all
gliomas and glioblastomas (GBMs) (Table 2).

The Association of Hematological Markers
With Age and Sex in All Gliomas and GBM
We found that nutrition-related markers, such as albumin, AGR,
and PNI, were significantly negatively correlated with age in all
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FIGURE 2 | (A) The diversity of NLR in different glioma grades and IDH-mutation status. (B) The diversity of PLR in different glioma grades and IDH-mutation status.

(C) The diversity of fibrinogen in different glioma grades and IDH-mutation status. (D) The diversity of albumin in different glioma grades and IDH-mutation status.

(E) The diversity of AGR in different glioma grades and IDH-mutation status. (F) The diversity of PNI in different glioma grades and IDH-mutation status.

gliomas (p< 0.001) and GBMs (p< 0.001). In contrast, a positive
correlation was observed with age and NLR (p < 0.001), PLR
(p= 0.023), and fibrinogens (p< 0.001) in all gliomas. Although
fibrinogen (p < 0.001) positively correlated with age, a non-
statistically significant association was found between age and
NLR (p = 0.050) and PLR (p = 0.256) in GBMs. These results
indicate generally poor nutrition and severe inflammation states
in elderly patients with gliomas (Table 3).

Increased levels of albumin (43.31 ± 4.02 vs. 42.65 ± 3.86,
p = 0.029), AGR (1.92 ± 0.35 vs. 1.79 ± 0.35, p = 0.000), and
PNI (52.81 ± 5.19 vs. 51.76 ± 5.32, p = 0.009) were found in
men, in contrast to women with gliomas. However, only one
nutrition marker, AGR, was higher in men than in women with
GBMs (1.82± 0.37 vs. 1.67± 0.35, p= 0.000). PLRs significantly
decreased in men in both all glioma (143.56± 71.23 vs. 125.70±
53.95, p = 0.000) and GBM (158.25 ± 81.51 vs. 133.06 ± 55.77,
p= 0.003; Table 3) cohorts.

Hematological Marker Levels Vary Among
Glioma Grades and Molecular Subtypes
In our study, OS was negatively correlated with glioma grades
(p < 0.001, Supplementary Figure 1A). Increased levels of NLR,
PLR, and fibrinogen were noted in GBMs, compared with Grade
II and III gliomas (Figure 1). The levels of albumin, AGR, and
PNI significantly decreased in GBMs, in contrast to Grade III
and II gliomas (Figure 1). Next, we classified gliomas based on
IDH-1R132H status as follows: IDH-mut II-III, IDH-wt II-III,
IDH-mut GBM, and IDH-wt GBM. OS significantly differed
among the four groups (p < 0.001, Supplementary Figure 1B).
Inflammatory markers such as NLR, PLR, and fibrinogen were

elevated in IDH-wt GBM, compared with II-III gliomas with or
without IDH mutation. However, the levels of nutrition markers
varied among the four subtypes (Figure 2). The worst nutritional
status was observed in IDH-wt GBM, followed by that of IDH-
mut GBM (Figure 2).

The Diagnostic Value of Hematological
Markers in Predicting Glioma Grade and
Subtype
First, we used one marker to predict GBMs and IDH-1 wt
subtype (Table 4). The ROC curve analysis showed that NLR
had the highest diagnostic value for distinguishing GBM from
grade II to III [0.684 (0.645–0.723), Figure 3A] and predicting
the GBM IDH-1 wt molecular subtype [0.672 (0.631–0.71),
Figure 3B]. Next, we investigated whether we could increase
the diagnostic value by combining these hematological markers
(Table 4). We found that the combination of age and PNI
was best suited for predicting the diagnosis of GBMs [0.750
(0.713–0.786)] (Figure 3C). Furthermore, the combination of
age and AGR had the highest AUC for distinguishing
GBM IDH-1 wt from other subtypes [0.759 (0.719–0.798),
Figure 3D].

DISCUSSION

Our study shows that the prognostic value of hematological
markers and their levels vary among glioma grades andmolecular
subtypes. Moreover, patient age, sex, and hematological markers
were strongly associated. These results indicate different
inflammation and nutritional states, with regard to patient
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TABLE 4 | The diagnostic value of hematological markers in predicting glioma

grade and subtype.

Marker AUC (95% CI)

GBM IDH – wt GBM

NLR 0.684 (0.645–0.723) 0.672 (0.631–0.714)

PLR 0.590 (0.547–0.632) 0.594 (0.550–0.638)

Fib 0.652 (0.611–0.693) 0.660 (0.616–0.703)

Alb 0.618 (0.576–0.660) 0.602 (0.557–0.647)

AGR 0.659 (0.619–0.700) 0.670 (0.627–0.713)

PNI 0.661 (0.621–0.701) 0.645 (0.602–0.688)

Age + NLR 0.745(0.708–0.782) 0.753(0.713–0.793)

Age + PLR 0.727(0.689–0.765) 0.742(0.701–0.783)

Age + Fib 0.733(0.695–0.771) 0.746(0.705–0.786)

Age + Alb 0.733(0.695–0.770) 0.742(0.702–0.783)

Age + AGR 0.738(0.701–0.776) 0.759(0.719–0.798)

Age + PNI 0.750(0.713–0.786) 0.753(0.713–0.793)

NLR + PLR 0.680 (0.641–0.720) 0.666 (0.623–0.708)

NLR + Fib 0.689 (0.649–0.729) 0.688 (0.645–0.730)

NLR + Alb 0.699 (0.661–0.738) 0.688 (0.647–0.730)

NLR+ AGR 0.712 (0.672–0.751) 0.711 (0.669–0.753)

NLR + PNI 0.692 (0.653–0.731) 0.683 (0.641–0.724)

PLR + Fib 0.665 (0.624–0.706) 0.673 (0.630–0.717)

PLR + Alb 0.647 (0.606–0.688) 0.639 (0.595–0.682)

PLR + AGR 0.676 (0.635–0.716) 0.685 (0.643–0.727)

PLR + PNI 0.662 (0.622–0.702) 0.650 (0.607–0.692)

Fib + Alb 0.678 (0.638–0.718) 0.670 (0.627–0.713)

Fib + AGR 0.681 (0.641–0.721) 0.694 (0.652–0.736)

Fib + PNI 0.704 (0.665–0.743) 0.693 (0.651–0.735)

Alb + AGR 0.664 (0.623–0.704) 0.671 (0.628–0.714)

Alb + PNI 0.660 (0.620–0.700) 0.646 (0.604–0.689)

AGR + PNI 0.690 (0.650–0.729) 0.689 (0.647–0.731)

age, sex, tumor grade, and genetic alternations. Furthermore,
we combined these prognostic factors to predict glioma
classification.

This study shows that NLR, PLR, and fibrinogens were
positively correlated with glioma grade, whereas PNI and AGR
were negatively correlated with glioma grade. In addition,
previous studies observed higher NLRs (Zadora et al., 2015) and
lower PNIs in higher grade gliomas (He Z. Q. et al., 2017). These
results indicate that patients with higher grade gliomas have
more severe inflammation and poorer nutritional statuses. NLR
and PLR hematological markers were not associated with IDH
mutations in this study, which is consistent with our previous
report (Wang et al., 2017). However, immune responses in the
tumor microenvironment are more significantly regulated by
IDH mutations in lower grade gliomas (Qian et al., 2018). This
result might be due to differences between systemic and local
inflammation and immune regulation.

We found that inflammation markers were positively
correlated with age in patients with gliomas or GBM. These
results explain why older age is a negative prognostic factor in
gliomas, as a result of inflammation status. Furthermore, we

observed different hematological marker levels between women
and men, and specifically, albumin was higher in men than
in women. Consistent with data from other studies (Zhou
et al., 2016), we observed that PNI was higher in men than
women. We found that PLR was higher in women than in men,
both in gliomas and GBMs, which was contrary to Xu et al.’s
report (Xu W. et al., 2017). There were no survival differences
with regard to sex, and this finding might be influenced
by NLR and fibrinogens, which showed no differences with
respect to sex.

We observed that NLR was the best single predictive marker
for distinguishing GBM and IDH-wt GBM from other types of
gliomas. Our results are consistent with the finding that NLR was
able to predict the diagnosis of glioma from acoustic neuroma,
meningioma, and non-lesional epilepsy (Zheng et al., 2017).
Our study showed that the best combinations for predicting
the diagnosis of GBM or IDH-wt GBM were age + PNI and
age + AGR; however, NLR + LMR had the highest diagnostic
accuracy. It should be noted that grade I gliomas were included
in a previous study (Zheng et al., 2017), and more studies
are needed to confirm and optimize the prognostic factor
combinations.

The mechanisms underlying the associations between
hematological markers and glioma grades were not very clear.
The tumor-infiltrating neutrophil count was positively correlated
with glioma grade, by promoting the progression of glioma
(Fossati et al., 1999; Liang et al., 2014). Moreover, Fossati et al.
observed that circulating neutrophils were positively associated
with glioma grade, which was influenced by glioma-derived
factors that may impact neutrophil circulation and infiltration
(Fossati et al., 1999). Neutrophil-induced immunosuppression
and angiogenesis in gliomas have also been found to promote
glioma progression (Massara et al., 2017). The circulating
fibrinogen could activate neutrophils via integrin αMβ2
(Steinbrecher et al., 2010; Massara et al., 2017). Natural killer
cell function has also been found to be negatively affected by
fibrinogen, which suppresses anti-tumor immunity (Degen and
Palumbo, 2012). Albumin, AGR, and PNI are all associated
with nutritional status in patients with cancer. Albumin also
reflects the systemic inflammation status, as it is downregulated
by tumor necrosis factor alpha (TNFα) and interleukin 6 (IL-6)
(Chojkier, 2005). Furthermore, TNFα and IL-6 could negatively
affect the function of immune cells in GBMs (Kozlowska et al.,
2016).

This study has several limitations. First, as our study
had a retrospective design, some unavoidable biases may
exist. Second, we did not continuously monitor various
prognostic factors. Furthermore, we only investigated the
changes of blood indices and did not study the differences
of tumor immune microenvironments. Therefore, prospective
multicenter studies, continuous perioperative monitoring, and
further molecular biology experiments are needed. Furthermore,
previous reports indicated that hematological markers could
effectively distinguish gliomas from non-lesional epilepsy,
acoustic neuroma, and meningioma (Zheng et al., 2017).
However, the present study focused on the correlation between
hematological markers and tumor grade, molecular subtype, and

Frontiers in Pharmacology | www.frontiersin.org 5 August 2018 | Volume 9 | Article 886

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Wang et al. Predictive Hematological Markers in Glioma

FIGURE 3 | (A) The diagnostic value of preoperative NLR in patients with GBM. (B) The diagnostic value of preoperative NLR in patients with grade IV-IDH wild type.

(C) The diagnostic value of preoperative age + PNI combination in patients with GBM. (D) The diagnostic value of preoperative age + AGR combination in patients

with grade IV-IDH wild type.

clinical outcomes in glioma. Therefore, we did not investigate the
hematological markers in other neuropathological states.

In conclusion, our study proves that there are different
prognostic factors among glioma grades and molecular subtypes,
and NLR was the best single marker to distinguish GBM and
IDH-wt GBM. The combinations of age with PNI and age with
AGR could best diagnose IDH-wt GBM. These prognostic factors
correlate with age and sex in patients with gliomas.
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