
Frontiers in Oncology | www.frontiersin.org

Edited by:
Matthias Preusser,

Medical University of Vienna, Austria

Reviewed by:
Adilson De Oliveira,

University of São Paulo, Brazil
Enrique Gallardo,

Hospital de Sabadell, Spain

*Correspondence:
Zhi-Qiang Li

lizhiqiang@whu.edu.cn
Ze-Fen Wang

wangzf@whu.edu.cn

Specialty section:
This article was submitted to

Neuro-Oncology and
Neurosurgical Oncology,
a section of the journal
Frontiers in Oncology

Received: 28 May 2021
Accepted: 09 May 2022
Published: 01 June 2022

Citation:
Yang C, Lan T, Wang Y, Huang W-H,
Li S-M, Li J, Li F-P, Li Y-R, Wang Z-F
and Li Z-Q (2022) Cumulative Scoring

Systems and Nomograms for
Predicating Survival in Patients With
Glioblastomas: A Study Based on
Peripheral Inflammatory Markers.

Front. Oncol. 12:716295.
doi: 10.3389/fonc.2022.716295

ORIGINAL RESEARCH
published: 01 June 2022

doi: 10.3389/fonc.2022.716295
Cumulative Scoring Systems and
Nomograms for Predicating Survival
in Patients With Glioblastomas: A
Study Based on Peripheral
Inflammatory Markers
Chao Yang1, Tian Lan1, Yi Wang2, Wen-Hong Huang1, Si-Man Li3, Jie Li2, Feng-Ping Li1,
Yi-Rong Li3, Ze-Fen Wang2* and Zhi-Qiang Li1*

1 Department of Neurosurgery, Zhongnan Hospital of Wuhan University, Wuhan, China, 2 Department of Physiology, Wuhan
University School of Basic Medical Sciences, Wuhan, China, 3 Department of Clinical Laboratory, Zhongnan Hospital of
Wuhan University, Wuhan, China

Inflammation is a hallmark of cancers. The purpose of the present study was to evaluate
the prognostic potential of hematological inflammatory markers in glioblastomamultiforme
(GBM) patients. The clinical data of 99 patients with lower-grade gliomas and 88 patients
with GBMs were retrospectively analyzed. The optimal cutoff values for peripheral markers
were determined by X-tile. Kaplan-Meier and Cox proportional hazard regression analyses
were performed to identify markers with prognostic significance. Several scoring systems
were constructed by combining these prognostic markers. The predictive accuracies of
nomograms incorporating these scoring systems were evaluated by Harrell’s
concordance index and receiver operating characteristic curve analysis. GBM patients
exhibited higher neutrophil counts (p=0.001), neutrophil-to-lymphocyte ratio (NLR)
(p<0.001), and platelet-to-lymphocyte ratio (PLR) (p=0.001), as well as lower
lymphocyte counts (p=0.023), lymphocyte-to-monocyte ratio (LMR) (p=0.015), and
albumin-to-globulin ratio (AGR) (p=0.003) than those with lower-grade gliomas.
Multivariate analysis indicated that a high NLR (> 2.0) (Hazard ratio[HR]=2.519, 95%
confidence interval (CI): 1.220-5.204, p=0.013), low LMR (< 2.3) (HR=2.268, 95%CI:
1.172-4.386, p=0.015), or low AGR (< 1.7) (HR=2.924, 95%CI: 1.389-6.135, p=0.005)
were associated with poor overall survival in GBM patients. The scoring systems of AGR-
NLR, AGR-LMR, and LMR-NLR were associated with GBM survival. The nomogram
integrating AGR-NLR score had the best efficacy in predicting GBM survival (c-
index=0.874). Pretreatment scores of AGR-NLR, AGR-LMR, and LMR-NLR may serve
as prognostic factors for GBM patients, and a nomogram integrating AGR-NLR may
provide a reliable tool to facilitate personalized preoperative evaluations.
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INTRODUCTION

Glioblastoma multiforme (GBM) is the most common type
of malignant brain tumor in adults (1). Despite improvements
in surgical resection and radiochemotherapy, GBM patients
only have a median overall survival of less than 15
months (2). Some prognostic factors for GBM have been
identified, of which isocitrate dehydrogenase 1 (IDH1) mutation
and O6-methylguanine-DNA methyltransferase (MGMT)
promoter methylation have been widely used in clinical practice
(3). However, such molecular biomarkers are only obtained
postoperatively. Therefore, it is necessary to identify preoperative
biomarkers for estimating the clinical outcomes of GBM patients
before therapy and to assist guiding individualized management.

Inflammation is a hallmark of cancer that plays a crucial role in
tumor progression and metastasis (4–6). Several hematological
inflammatory markers, which are readily available from routine
blood tests, have been considered as prognostic factors in various
types of tumors. Some studies have indicated that an elevated
neutrophil-to-lymphocyte ratio (NLR) predicts worse outcomes in
patients with various tumors, including colorectal cancer (7), breast
cancer (8), prostate cancer (9), renal cell carcinoma (10), and gliomas
(11, 12). The prognostic value of the NLR in GBM patients has also
been described in several studies (13–15). However, a recent study
showed that preoperative NLR was not associated with survival in a
GBM cohort treated with combined modality therapy (16). One
study also reported that a high platelet-to-lymphocyte ratio (PLR)
may serve as a predictor of poor prognosis in GBM (17), but results
from other studies do not support the prognostic value of PLR for
GBM (14, 18, 19). A lower albumin-to-globulin ratio (AGR), a
marker of both nutritional and inflammatory status, is associated
with poor prognosis in patients with GBM (20) and several other
types of tumors (21–24). A recent meta-analysis also demonstrated
that a low AGR was a risk factor for unfavorable survival in patients
with high-grade gliomas (Grade III and IV) (25). Moreover, the
diagnostic significance of these inflammatory markers in glioma
patients has also been reported (26, 27).

In most studies, the prognostic values of inflammatory
markers have been assessed individually. Recently, several
cumulative prognostic scoring systems based on a combination
of two or three peripheral biomarkers have been proposed. For
example, a cumulative score combining levels of plasma
fibrinogen and serum albumin may represent a prognostic
predictor for esophageal cancer (28); additionally, a score
combining NLR, AGR, and levels of fibrinogen has been
reported to be correlated with tumor grade and prognosis in
patients with glioma (20). Since each inflammatory marker may
influence tumor progression through different mechanisms, a
cumulative scoring system provides a more accurate and
comprehensive tool for survival prediction. At present, only
few studies have investigated cumulative prognostic scoring
systems for GBM. Another concern is the clinical applicability
and predictive accuracy of the addition of such cumulative
prognostic scores into well-identified prognostic variables.
Nomograms are commonly used tools in oncology and provide
an estimated numerical prognosis for each individual patient by
integrating diverse prognostic and determinant variables.
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In the present study, we first identified inflammatory markers
that were independently associated with survival in GBM
patients, and then constructed several scoring systems based
on combinations of these markers. The prognostic significance of
these cumulative scores was further evaluated and nomogram
models were constructed to predict survival probability. Taken
together, our findings shed new light on the prognostic value of
peripheral inflammatory markers in GBM patients.
MATERIALS AND METHODS

Study Cohort
We retrospectively identified 187 adult patients diagnosed with
Grade-II, -III, or -IV gliomas in the Department of Neurosurgery
at Zhongnan Hospital of Wuhan University between January
2016 to May 2019. Inclusion criteria were as follows: (1) age ≥ 18
years; (2) histologically confirmed diagnosis; and (3) clinical
information and data of preoperative peripheral blood routine
tests and liver function tests were available. Exclusion criteria
were as follows: (1) patients who received chemotherapy
(including corticosteroids) and/or radiotherapy before surgery;
(2) patients with a history of other malignant tumors or chronic
inflammatory diseases (including autoimmune diseases and
infection); (3) patients diagnosed with recurrent gliomas; or (4)
patients who died during the perioperative period. All relevant
data were treated with confidentiality according to the
Declaration of Helsinki (29). The endpoint of follow-ups was
August 31, 2020. The blood samples were collected at 5:00 to 6:00
within 1 day after hospitalization. A completed STROBE
checklist was shown in supplementary STROBE statement.

Ethics Approval
This study was approved by the Ethics Committee of Zhongnan
Hospital of Wuhan University (No. 2019048).

Data Collection
Demographic and clinical information were extracted from an
electronic medical system and included gender, age at diagnosis,
tumor location, tumor grade, the statuses of IDH1 mutation and
MGMT promoter methylation (positive, negative, or not
determined), preoperative Karnofsky performance status (KPS),
the extent of resection [gross total resection (GTR) ≥95%, non-
GTR<95%], and postoperative chemotherapy and/or radiotherapy.
Data comprising preoperative counts of neutrophils, lymphocytes,
and platelets, as well as the concentrations of albumin and globulin,
were also collected. Based on these data, the NLR, PLR, AGR, and
lymphocyte-to-monocyte ratio (LMR) were calculated. Overall
survival (OS) was defined as the interval from the time of surgery
to death or the endpoint of follow-up. Follow-up was conducted
by telephone.

Nomograms for Predicting
OS in GBM Patients
Based on multivariate analysis, variables with independent
prognostic value—including KPS, chemoradiotherapy, the extent
June 2022 | Volume 12 | Article 716295
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of resection, and scoring systems combining inflammatory
markers—were integrated to develop nomograms. Each variable
was assigned different points according to its weight, which is
indicated at the top scale. The total points of all included variables
generated numerical predictions of the 0.5-, 1.0 and 1.5-year
survival rates, with higher scores indicating worse outcomes.

Statistical Analysis
Continuous variables are presented as themean ± standard deviation
if they were normally distributed, and are presented as the median
and interquartile range (IQR) if they were non-normally distributed.
Categorical variables are presented as the number of cases and their
corresponding percentages. Continuous variables were analyzed
using nonparametric Mann-Whitney U tests or unpaired t-tests,
and binary and ordinal categorical variables were analyzed using chi-
square tests and the Kruskal-Wallis tests, respectively. The optimal
cutoff values for the peripheral markers were identified via X-tile
software (version 3.6.1, http://medicine.yale.edu/lab/rimm/research/
software.aspx), and correlations among the variables were assessed
by Spearman correlation coefficients. Survival curves were plotted
using the Kaplan-Meier method and were analyzed by the log-rank
test. Univariate as well as multivariate Cox proportional hazard
regression analyses were conducted to evaluate independent
prognostic factors for OS. Nomograms were constructed using the
R rms package to predict the survival rates at 0.5, 1.0 and 1.5 years,
taking into account all the independent prognostic markers. The
discrimination of nomograms was assessed by Harrell’s concordance
index (C-index) and time-dependent receiver operating
characteristic (ROC) curve analysis. Calibration plots were made
to evaluate the consistency between the predicted and observed
values. Statistical analysis was performed with SPSS (version 24.0,
IBM Corporation, Armonk, NY, USA) or R software (version 4.0.2;
Institute for Statistics and Mathematics, Vienna, Austria). A two-
tailed P < 0.05 was considered statistically significant.
RESULTS

Clinical Characteristics
The clinical characteristics of all patients are presented in
Table 1. A total of 187 patients (76 females and 111 males)
were recruited in this study—including 52 patients with grade-II
gliomas, 47 patients with grade-III gliomas, and 88 patients with
grade-IV GBMs—with a mean age of 50.3 years (range 21–81
years). Among GBM patients, 69.3% underwent non-GTR, and
56.8% received radiotherapy and/or chemotherapy after surgery.
GBM patients harboring an IDH1 R132H mutation or MGMT
promoter methylation consisted of 4 (4.5%) and 33 (37.5%)
patients, respectively.

Calculation of Sample Size
According to previous published literature (30) and clinical
experience, it is expected that the mean value of NLR (mA) in
the lower grade glioma group is 1.99, the mean value of NLR (mB)
in the GBM group is 2.64, and the standard deviation (s) is 1.5.
Bilateral test is adopted. Sample size was calculated according to
Frontiers in Oncology | www.frontiersin.org 3
the following formula: nB = (1 + 1
k )(s

z1−a2
+z1−b

mA−mB )2 (31). The
following parameters were used: k=1, class I error a =0.05, z 1-

a / 2 = 1.96, class II error b=0.2, z 1 – b = 0.84. The effect variable
(D-Cohen) was 0.43. According to the calculation, lower grade
glioma and GBM groups requires 84 cases in each group. In our
study, 99 cases of lower grade glioma and 88 cases of GBM were
collected, meeting the research requirements.

Comparison of Peripheral Inflammatory
Markers Between Lower-Grade Glioma
(LGG) and GBM
Differences in neutrophil, lymphocyte, platelet, and monocyte
counts—as well as NLR, PLR, LMR, and AGR—between patients
with LGG and GBM were compared using Mann-Whitney U tests,
and the difference in serum albumin levels was analyzed using an
unpaired t-test. Compared to the parameters in LGG patients, GBM
patients exhibited higher neutrophil counts, NLR, and PLR, as well
as lower lymphocyte counts, LMR, and AGR. The absolute counts
of platelets and monocytes, as well as serum albumin levels, were
comparable between the two groups (Table 1). Besides, ROC curve
and the corresponding area under the curve (AUC) value were used
to assess the diagnostic efficacy in distinguishing GBM from LGG.
Among all the single inflammatory markers, NLR showed the best
diagnostic value for GBM versus LGG with AUC of 0.665 (0.586-
0.743). We also combined these hematological markers in order to
increase the diagnostic significance, of which AGR+NLR exhibited
the best accuracy for GBM diagnosis with the AUC value of 0.706
(0.630-0.782) in common with the combination of LMR, NLR and
AGR (Supplemental Figure S1).

Association Between Inflammatory
Markers and Survival in GBM Patients
Since all of these peripheral markers were determined to be
continuous variables, the optimal cutoff value for each marker
was determined using X-tile software. As shown in
Supplementary Figure S2, the cutoff values for neutrophil,
lymphocyte, platelet, and albumin levels were 4.7 (109 cells/L), 2.3
(109 cells/L), 208 (109 cells/L), and 35.7 g/L, respectively;
additionally, those of NLR, PLR, LMR, and AGR were 2.0, 213.0,
2.3, and 1.7, respectively. Next, GBM patients were divided into two
subgroups according to the cutoff value of each marker. We
examined whether GBM patients in these subgroups had different
OS values. Patients with high neutrophil levels and NLR or low
lymphocyte, albumin, LMR, and AGR levels exhibited shorter OS
(Supplementary Table S1). Next, we evaluated the prognostic value
of these markers in GBM patients. Kaplan-Meier survival analysis
demonstrated that GBM patients with a high NLR (p = 0.005) had a
worse OS, whereas those with a high LMR (p = 0.006), AGR (p =
0.002), or albumin (p = 0.006) had a better OS (Figure 1). There was
no significant association between neutrophil (p = 0.057),
lymphocyte (p = 0.224), platelet (p = 0.311), or PLR (p = 0.290)
values with OS (Supplementary Figure S3). Both univariate and
multivariate analysis revealed that NLR, LMR, and AGR were
significantly associated with survival, in addition to KPS,
postoperative radiochemotherapy, and the extent of tumor
resection (Table 2). Moreover, Spearman correlation analysis
June 2022 | Volume 12 | Article 716295
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showed that there was no correlation between NLR or LMR with
AGR, and only a weak correlation between NLR and LMR (r =
−0.613, p < 0.01) (Supplementary Figure S4). Unexpectedly, our
analysis did not show a significant association of MGMT promoter
methylation or IDH1 mutation with OS (Supplementary
Figure S5). Univariate analysis showed that the serum albumin
level was a significant variable associated with OS, but multivariate
analysis did not corroborate this finding.
Association Between Scoring Systems of
Combined Inflammatory Markers and
Survival in GBM Patients
We found that NLR, LMR, and AGR were significantly associated
with survival. Next, we investigated whether combinations of these
inflammatory markers could serve as more powerful predictors of
GBM survival. As shown in Table 3, four prognostic scoring systems
were constructed by incorporating any two or all of the three
variables, including AGR-NLR, AGR-LMR, LMR-NLR, and LMR-
Frontiers in Oncology | www.frontiersin.org 4
NLR-AGR scoring systems. The scores in these systems were
determined by the presence or absence of the each variable’s status
associated with unfavorable survival (i.e. high NLR [>2.0], low LMR
[<2.3], or low AGR [<1.7]). For AGR-NLR, AGR-LMR, and LMR-
NLR scores, the systems were classified into three groups: a score of 0
(neither of the two variables were present); score of 1 (either of the
variables was present); and a score of 2 (both variables were present).
The LMR-NLR-AGR scoring system was classified into four groups:
a score of 0 (none of the three variables were present); a score of 1
(any one of the three variables was present); a score of 2 (any two of
the variables were present); and a score of 3 (all three variables were
present). The OS data for each scoring system are shown in Table 3.
Kaplan-Meier survival analysis showed that AGR-NLR, AGR-LMR,
LMR-NLR, and LMR-NLR-AGR scores were significantly associated
with OS (p < 0.001, p < 0.001, p = 0.003, and p < 0.001, respectively,
Figure 2). As shown in Table 4, results of multivariate analysis
demonstrated that—for AGR-LMR and LMR-NLR scoring systems
—both a score of 1 and a score of 2 were associated with an
unfavorable OS. For the AGR-NLR scoring system, only a score of 2
TABLE 1 | Clinical and pathological characteristics of patients.

Characteristics All patients GradeⅡ/Ⅲ Grade Ⅳ P Value

Count, n (%) 187 (100) 99 (52.9) 88 (47.1)
Sex, n (%) 0.944
Female 76 (40.6) 40 (40.4) 36 (40.9)
Male 111 (59.4) 59 (59.6) 52 (59.1)

Age (y) (Mean ± SD) 50.3 ± 12.9 45.0 ± 12.0 56.3 ± 11.2 <0.001
Location 0.855
Frontal 55 (29.4) 32 (32.3) 23 (26.1)
Temporal 41 (21.9) 20 (20.2) 21 (23.9)
Parietal 17 (9.1) 8 (8.1) 9 (10.2)
Multiple 36 (19.3) 18 (18.2) 18 (20.5)
Others 38 (20.3) 21 (21.2) 17 (19.3)

KPS (Mean ± SD) 78.1 ± 14.9 85.3 ± 9.0 70.2 ± 16.1 <0.001
Radio- and/or chemotherapy, n (%) <0.001
Yes 129 (69.0) 79 (79.8) 50 (56.8)
No 51 (27.3) 14 (14.1) 37 (42.0)

Missing 7 (3.7) 6 (6.1) 1 (1.1)
Resection, n (%) <0.001
GTR 81 (43.3) 54 (54.5) 27 (30.7)
Non-GTR 102 (54.5) 41 (41.4) 61 (69.3)
Missing 4 (2.1) 4 (4.0) 0 (0)
IDH1R132H, n (%) <0.001
Yes 59 (31.6) 55 (55.6) 4 (4.5)
No 119 (63.6) 36 (36.4) 83 (94.3)

Not done 9 (4.8) 8 (8.1) 1 (1.1)
MGMT promoter methylation, n (%) 0.001
Yes 91 (48.7) 58 (58.6) 33 (37.5)
No 79 (42.2) 30 (30.3) 49 (55.7)
Not done 17 (9.1) 11 (11.1) 6 (6.8)
WBC (109/L) (Mean ± SD) 6.8 ± 2.5 6.5 ± 2.5 7.1 ± 2.4 0.016
Neutrophil (109/L) (Mean ± SD) 4.5 ± 2.3 4.0 ± 2.3 5.0 ± 2.3 0.001
Lymphocyte (109/L) (Mean ± SD) 1.7 ± 0.9 1.9 ± 1.2 1.5 ± 0.5 0.023
Platelet (109/L) (Mean ± SD) 190.4 ± 55.4 181.8 ± 50.7 200.1 ± 59.1 0.082
Monocyte (109/L) (Mean ± SD) 0.5 ± 0.2 0.5 ± 0.2 0.5 ± 0.2 0.535
Albumin (g/L) (Mean ± SD) 39.9 ± 3.5 40.1 ± 3.7 39.7 ± 3.3 0.417
NLR (Mean ± SD) 3.2 ± 2.4 2.6 ± 2.1 3.8 ± 2.6 <0.001
PLR (Mean ± SD) 130.0 ± 65.5 115.9 ± 57.8 145.8 ± 70.3 0.001
LMR (Mean ± SD) 3.8 ± 1.6 4.0 ± 1.5 3.5 ± 1.7 0.015
AGR (Mean ± SD) 1.6 ± 0.3 1.6 ± 0.3 1.5 ± 0.2 0.003
OS (months) (Mean ± SD) 18.7 ± 12.4 25.1 ± 12.4 12.0 ± 8.2 <0.001
June 2022 | Volume 12 | Article
KPS, Karnofsky performance status; GTR, gross total resection; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA methyltransferase; NLR, neutrophil to lymphocyte ratio;
PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; AGR,albumin to globulin ratio; OS, overall survival.
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was associated with a worse OS. However, neither of the scores in the
LMR-NLR-AGR system was predictive factor for OS in GBM
cohort. In this study, 69.3% of GBM patients received non-gross
total resection. We further assessed the prognostic significance of
these scoring system for patients with non-gross total resection.
Similar results were observed with AGR-NLR, AGR-LMR and LMR-
NLR scoring system (Supplementary Table S2). Moreover, the
scores of LMR-NLR-AGR system were also associated with a
worse OS for patients with non-gross total resection
(Supplementary Table S2). Due to the small size of GBM patients
with gross-total resection, we did not perform further analysis in
this subpopulation.

Nomograms for Predicting
OS in GBM Patients
Based on the results of multivariate analysis, several independent
prognost ic factors were ident ified, including KPS,
chemoradiotherapy, resection, AGR-NLR score, AGR-LMR
score, and LMR-NLR score. Then, three nomograms were
Frontiers in Oncology | www.frontiersin.org 5
established to evaluate the value of these variables to predict
the 0.5-, 1.0- and 1.5-year OS in GBM patients.

In the nomogram incorporating AGR-NLR, KPS contributed
most to the prognosis, followed by AGR-NLR score,
chemoradiotherapy, and resection. This nomogram showed a
good accuracy for predicting the survival rate of GBM patients,
with a c-index of 0.874. The bootstrapped calibration plot of the
nomogram predicting 0.5-, 1.0-, and 1.5-year OS performed well
with the ideal model (Figure 3A), indicating the validation of
this nomogram.

In the nomogram incorporating AGR-LMR, KPS contributed
most to the prognosis, followed by AGR-LMR score, resection,
and chemoradiotherapy. The c-index was 0.867, indicating its high
accuracy for predicting OS. The calibration curve also indicated
the strong predictive ability of this nomogram (Figure 3B).

In the nomogram incorporating LMR-NLR, KPS also
contributed most to the prognosis, and chemoradiotherapy
and LMR-NLR score had a similar weight on the risk score,
followed by resection. The c-index was 0.866. The validation of
TABLE 2 | Univariate and multivariate analyses of OS in GBM cohorts.

Variables Univariate Analysis Multivariate analysis

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

Sex (female/male) 1.174 (0.729-1.891) 0.509 / /
Age (<60/≥60) 0.684 (0.428-1.092) 0.111 / /
Location 1.097 (0.935-1.287) 0.258 / /
KPS (<60/≥60) 13.422(6.618-27.223) <0.001 6.117(2.795-13.388) <0.001
Radio- and/or chemotherapy (no/yes) 9.098 (4.874-16.982) <0.001 3.539 (1.683-7.443) 0.001
Resection (GTR/non-GTR) 4.096 (2.303-7.286) <0.001 2.573 (1.321-5.012) 0.005
IDH1R132H (yes/no) 1.671 (0.525-5.322) 0.385 1.079 (0.320-3.641) 0.902
MGMT promoter methylation(yes/no) 1.655 (0.991-2.763) 0.054 1.631 (0.928-2.865) 0.089
Neutrophil (≥4.7/<4.7) (109/L) 1.564 (0.982-2.491) 0.059 1.001 (0.551-1.818) 0.998
Lymphocyte (≥2.3/<2.3) (109/L) 0.539 (0.195-1.486) 0.232 / /
Platelet (≥208/<208) (109/L) 1.284 (0.790-2.086) 0.313 / /
Albumin (<35.7/≥35.7) (g/L) 2.545 (1.278-5.070) 0.008 1.585 (0.672-3.738) 0.292
NLR (≥2.0/<2.0) 2.217 (1.247-3.942) 0.007 2.519 (1.220-5.204) 0.013
PLR (≥213.0/<213.0) 1.381 (0.756-2.524) 0.294 / /
LMR (<2.3/≥2.3) 2.062 (1.221-3.484) 0.007 2.268 (1.172-4.386) 0.015
AGR (<1.7/≥1.7) 2.632 (1.377-5.025) 0.003 2.924 (1.389-6.135) 0.005
June 2022 | Volume 12 | Article
KPS, Karnofsky performance status; GTR, gross total resection; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine-DNA methyltransferase; NLR, neutrophil to lymphocyte ratio;
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A B DC

FIGURE 1 | Kaplan-Meier survival curves of GBM patients based on the cutoff values of NLR (A), LMR (B), AGR (C), and albumin (D).
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this nomogram was also demonstrated by a well-fitted
calibration curve (Figure 3C).

Of the three nomograms, the one incorporating AGR-NLR
had the highest c-index, showing a minor advantage of accuracy
to predict OS. Consistently, time-dependent ROC analysis also
indicated that the nomogram incorporating AGR-NLR had the
highest area under the curve (AUC) value to predict OS at 0.5,
1.0 or 1.5 years (0.703, 0.708, and 0.738, respectively)
(Supplementary Figure S6).
DISCUSSION

Accumulating evidence has identified a crucial role of
inflammation in tumor biology (32). It is widely accepted that
the initiation, progression, and metastasis of many types of
tumors are closely correlated with local and/or systemic
inflammation (5). Peripheral inflammation and nutritional
status have been reported to correlate with OS in cancer
patients, including those with gliomas (13, 15, 21, 33, 34). In
the present study, we found that, compared to parameters
in LGG patients, GBM patients exhibited higher neutrophil
counts, NLR, and PLR, as well as lower lymphocyte
counts, LMR, and AGR. Of these variables, a high NLR, low
LMR, and low AGR were associated with unfavorable OS in
GBM patients. Furthermore, we found that cumulative
scores of AGR-NLR, AGR-LMR, and LMR-NLR may serve as
predictors of GBM survival, and a nomogram integrating AGR-
NLR had the best predictive accuracy and discrimination for
estimating OS. Moreover, AGR-NLR score exhibited the best
accuracy for GBM diagnosis, which is consistent with a
previous study (35).
A B

DC

FIGURE 2 | Kaplan-Meier survival curves of GBM patients based on the
scoring systems of AGR-NLR (A), AGR-LMR (B), LMR-NLR (C), and LMR-
NLR-AGR (D).
TABLE 3 | Overall survival of GBM cohorts based on different score systems.

Score N (%) Overall survival P value

Variables Definition Mean ± SD Median ± IQR

AGR-NLRa

Score 0 AGR>1.7 and NLR<2.0 5 (5.7) 25.9 ± 13.4 22.5 (22.0) reference
Score 1 AGR<1.7 or NLR>2.0 30 (34.1) 14.1 ± 7.0 16.2 (9.3) 0.233
Score 2 AGR<1.7 and NLR>2.0 52 (59.1) 9.3 ± 6.6 7.2 (9.2) 0.003
AGR-LMRb

Score 0 AGR>1.7 and LMR>2.3 15 (17.0) 18.7 ± 10.5 16.7 (8.4) reference
Score 1 AGR<1.7 or LMR<2.3 55 (62.5) 11.6 ± 7.1 10.0 (11.0) 0.049
Score 2 AGR<1.7 and LMR<2.3 17 (19.3) 7.0 ± 5.2 4.5 (6.7) <0.001
LMR-NLRc

Score 0 LMR>2.3 and NLR<2.0 23 (26.1) 16.7 ± 9.9 16.6 (13.0) reference
Score 1 LMR<2.3 or NLR>2.0 43 (48.9) 11.4 ± 7.2 10.2 (10.6) 0.044
Score 2 LMR<2.3 and NLR>2.0 22 (25.0) 8.2 ± 5.8 6.3 (10.1) 0.001
LMR-NLR-AGRd

Score 0 LMR>2.3 and NLR<2.0 and AGR>1.7 6 (6.8) 24.3 ± 12.6 19.9 (16.8) reference
Score 1 LMR<2.3 or NLR>2.0 or AGR<1.7 25 (28.4) 14.3 ± 7.2 16.1 (9.8) 0.627
Score 2 LMR<2.3 and NLR>2.0, or LMR<2.3 and AGR<1.7, or NLR>2.0 and AGR<1.7 39 (44.3) 10.7 ± 6.9 8.3 (10.5) 0.022
Score 3 LMR<2.3 and NLR>2.0 and AGR<1.7 17 (19.3) 7.0 ± 5·2 4.5 (6·7) 0.001
June 2022 | Volume 12 | Artic
a,b,c,d: the data was not available for one case in each score system.
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; AGR, albumin to globulin ratio; SD, standard deviation; IQR, interquartile range.
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Patients with malignant tumors often endure a status of
neutrophilia and relative lymphopenia that is predominantly
due to the overproduction of tumor-cell-derived granulocyte
colony stimulating factor (G-CSF), which has the potential to
divert bone marrow hematopoiesis away from the lymphocytic
lineage toward the granulocytic lineage (36, 37). In line with
these studies, our present study also found that GBM patients
had a higher neutrophil count and lower lymphocyte count
compared to those of LGG patients. In contrast, there was no
significant difference in platelet or monocyte counts. These
changes in blood cell counts contributed to a higher NLR and
PLR, as well as a lower LMR, in GBM patients. Multivariate
analysis indicated that high NLR (> 2.0) and low LMR (< 2.3)
were poor prognostic indicators for GBM patients, but high PLR
(> 213.0) was not. A cutoff value of 4 for preoperative NLR has
most commonly been used in GBM studies and has been shown
to be associated with glioma grade and poor survival in GBM
patients (13–15). Our present data indicated that NLR at a lower
cutoff value may serve as a potential predictor for GBM survival.

The mechanisms underlying the prognostic impact of NLR
and LMR have not been fully clarified. Neutrophils and
lymphocytes are the main cell types mediating inflammatory
and immune responses. Decreased lymphocyte counts in the
blood and tumor stroma lead to suppression of immune
responses against tumors. Tumor-derived cytokines, such as
tumor growth factor b (TGF-b), induce the activation of
neutrophils with a pro-tumoral phenotype (38). Activated
neutrophils can produce and secrete various molecules, such
as vascular endothelial growth factor (39) and matrix
metalloproteinases (40), to promote tumor progression,
metastasis, and angiogenesis. Moreover, neutrophils have the
ability to inhibit cytotoxic activities of T cells and lymphokine-
activated killer cells (41, 42). After recruitment into tumor tissue,
monocytes differentiate into tumor-associated macrophages,
which have pro-tumor functions and are closely related to
Frontiers in Oncology | www.frontiersin.org 7
tumor progression (43). Furthermore, peripheral monocyte
counts may reflect the formation or presence of tumor-
associated macrophages. Therefore, both high NLR and low
LMR in patients with cancer indicate an immunosuppressive
and pro-tumor status. Interestingly, one study showed that an
elevated LMR also predicted a better response to chemotherapy
in patients with breast cancer (44).

The AGR reflects a comprehensive status of nutrition and
inflammation. Malnutrition is common in patients with cancer.
Accumulating evidence has indicated that a status of malnutrition
predicts a worse OS in many cancers (45). Albumin, a major
component of serum proteins, is widely considered as an indicator
of nutritional status (46). Inconsistent with a previous study (47),
we did not find a significant association between preoperative
serum albumin counts and OS in GBM patients in our present
study. In accordance with our present results, a recent meta-
analysis also reported that an elevated AGR significantly correlated
with a pro-longed survival in GBM patients (25). A relatively high
albumin level may indicate a satisfactory tolerance
to chemoradiotherapy and a better qual i ty of l i fe
postoperatively. Globulin is a large family consisting of
immunoglobulins, C-reactive protein (CRP), and complements.
Since these proteins are induced in a state of inflammation,
an elevated serum globulin level indicates the presence of
systemic inflammation (48). Therefore, a low AGR may indicate
not only malnutrition and an inadequate antitumor immunity
state, but may also indicate the presence of cancer-related
inflammation (20).

Since NLR, LMR, and AGR may influence tumor progression
through different mechanisms, a combination of these markers
may provide a more comprehensive tool for survival prediction.
Thus, in our present study, we designed a series of cumulative
prognostic scoring systems based on different combinations of
NLR, LMR, and AGR. For AGR-LMR and LMR-NLR scoring
systems, patients with either of these risk predictors (score 1) or
TABLE 4 | Univariate and multivariate analyses for OS in GBM cohorts based on score systems.

Score system Univariate Analysis Multivariate analysis

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

AGR-NLR 0.001 <0.001
Score 0 1 (reference) 1 (reference)
Score 1 3.106 (0.720-13.401) 0.129 1.582 (0.313-7.991) 0.579
Score 2 6.948 (1.666-28.968) 0.008 4.908 (1.031-23.368) 0.046
AGR-LMR <0.001 0.003
Score 0 1 (reference) 1 (reference)
Score 1 2.587 (1.215-5.511) 0.014 2.884 (1.228-6.772) 0.015
Score 2 5.650 (2.390-13.359) <0.001 5.262 (2.027-13.661) 0.001
LMR-NLR 0.001 0.032
Score 0 1 (reference) 1 (reference)
Score 1 1.912 (1.042-3.511) 0.036 2.360 (1.122-4.966) 0.024
Score 2 3.140 (1.595-6.181) 0.001 3.136 (1.283-7.669) 0.012
LMR-NLR-AGR <0.001 0.001
Score 0 1 (reference) 1 (reference)
Score 1 2.290 (0.664-7.899) 0.190 0.826 (0.195-3.502) 0.796
Score 2 4.298 (1.306-14.147) 0.016 2.565 (0.660-9.966) 0.174
Score 3 8.034 (2.294-28.135) 0.001 4.096 (0.965-17.382) 0.056
June 2022 | Volume 12 | Article
NLR, neutrophil to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; AGR, albumin to globulin ratio; HR, hazard ratio; CI, confidence interval.
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both of them (score 2) had worse clinical outcomes than those
with neither of them. For the AGR-NLR scoring system, the
presence of both risk predictors was associated with an
unfavorable OS. The scoring system of NLR-LMR-AGR was
unable to serve as an independent predictor of OS in GBM
cohort. However, the scores of NLR-LMR-AGR system
were associated with outcomes of the subpopulation receiving
non-gross total resection. This subgroup analysis was not
performed in patients receiving gross total resection due to the
very small size. The inconsistent results between whole GBM
cohort and subpopulation with non-gross total resection
indicated that the extent of resection may have effect on the
prognostic significance of NLR-LMR-AGR system. Therefore,
NLR-LMR-AGR system may be not a good independent
predictor for GBM patients. A large sample size study is
Frontiers in Oncology | www.frontiersin.org 8
needed to further clarify the correlation. A previous study
showed that a scoring system combining fibrinogen, NLR, and
AGR may serve as an independent prognostic factor in glioma
patients (20). In this previous study, some well-defined
molecular markers related to survival—such as IDH1 and
MGMT methylation status—were not included in survival
analysis. These molecular markers were incorporated in our
present study but did not show any prognostic significance.
This is most likely due to the small population of our GBM
cohort and rarely few cases with IDH1 mutations. Although
many studies have reported that GBM patients with MGMT
methylation have longer survival than those without MGMT
methylation, our recent meta-analysis indicated that the survival
benefit from MGMT methylation was closely associated with
temozolomide therapy (49).
A

B

C

FIGURE 3 | Nomograms and calibration curve. In the nomograms (left panel), each variable was assigned different points that are indicated at the top scale, and the total
points of all variables generated a numerical prediction of the 0.5-, 1.0- and 1.5-year survival rates, where a higher score indicates a worse outcome. In the calibration curve
(right panel), the dotted line indicates the ideal prediction and the full red line indicates the performance of the nomogram. (A) Nomogram and calibration curve concerning
AGN-NLR score; (B) Nomogram and calibration curve concerning AGR-LMR score; (C) Nomogram and calibration curve concerning LMR-NLR score.
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Nomograms are novel and visual calculating scale models that
have been widely used in oncology research (50), as they usefully
provide a numerical estimation for a clinical event in an individual
patient. Based on multivariate analysis, independent prognostic
factors including KPS, chemoradiotherapy, and the extent of
resection were included as variables for nomograms in our
present study. AGR-NLR, AGR-LMR, and LMR-NLR scores
were also incorporated into nomograms. Of these variables, KPS
showed the highest risk score. The nomogram incorporating
AGR-NLR score had the highest c-index and AUC value of the
time-dependent ROC curve analysis, indicating the best accuracy
for prognostic prediction. Therefore, a nomogram integrating
KPS, chemoradiotherapy, extent of resection, and AGR-NLR
score is primarily recommended to predict prognosis for GBM
patients. The score system in our study may be used to stratify
patients according to their prognostic risk, and high-risk patients
may opt for closer follow-up evaluation and more aggressive
subsequent treatment. It is noteworthy that this proposed
nomogram provides a preoperative tool for clinicians and health
administrators to predict survival probability, rather than directly
offering criteria for therapeutic decisions. Therefore, decision
curve analysis (DCA), a method for evaluating the clinical
benefits of an alternative prediction model or diagnostic test,
was not applied to the current prognostic nomogram models (51).

There are also some limitations of our present study. First, the
retrospective nature of our study may have led to selection bias.
Second, the optimal cutoff values for these inflammatory markers
have not been defined or recommended. Importantly, different
cutoff values may be a contributor to the inconsistent results
observed across different studies. Third, a relatively small size of
GBM patients was included in our present study, and there were
not enough patients harboring IDH1 mutations to perform
subgroup analysis. Therefore, the importance and significance
of IDH1 mutations and MGMT methylation in nomogram
analysis may have been underestimated in our present study.
Hence, future large-scale, multi-center, and prospective studies
are needed to clarify these concerns.
CONCLUSION

In addition to preoperative NLR, LMR, and AGR, the cumulative
scores of AGR-NLR, AGR-LMR, and LMR-NLR may serve as
prognostic predictors for GBM patients. A nomogram model
integrating the AGR-NLR may provide a reliable tool to facilitate
a personalized preoperative evaluation of survival. To further
facilitate the clinical utility of nomograms, free online software
for calculating the survival probability of GBM patients has been
provided (https://yangchao.shinyapps.io/dynnomapp/).
Frontiers in Oncology | www.frontiersin.org 9
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Zhongnan Hospital of Wuhan
University (No. 2019048). The patients/participants provided
their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

Z-QL conceived and designed the study. CY, TL, YW, and JL
analyzed the data and interpreted results. CY, W-HH, S-ML, and
F-PL collected epidemiological and clinical data. Y-RL
contributed to data interpretation. CY drafted the manuscript;
Z-FW and Z-QL revised the manuscript. All authors read and
approved the final version of the manuscript.
FUNDING

This study was funded by Translational Medicine and
Interdisciplinary Research Joint Fund of Zhongnan Hospital
of Wuhan University (No. ZNLH201901) and Medical
Science Advancement Program of Wuhan University
(No. TFJC2018003).
ACKNOWLEDGMENTS

We thank professor Yi Guo for the assistance of statistical analysis
and we thank LetPub (www.letpub.com) for its linguistic
assistance during the preparation of this manuscript.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
716295/full#supplementary-material
REFERENCES
1. Wesseling P, Capper D. WHO 2016 Classification of Gliomas. Neuropathol

Appl Neurobiol (2018) 44(2):139–50. doi: 10.1111/nan.12432
2. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, et al.

Radiotherapy Plus Concomitant and Adjuvant Temozolomide for Glioblastoma.
N Engl J Med (2005) 352(10):987–96. doi: 10.1056/NEJMoa043330
3. Chen X, Yan Y, Zhou J, Huo L, Qian L, Zeng S, et al. Clinical Prognostic Value
of Isocitrate Dehydrogenase Mutation, O-6-Methylguanine-DNA
Methyltransferase Promoter Methylation, and 1p19q Co-Deletion in
Glioma Patients. Ann Transl Med (2019) 7(20):541–1. doi: 10.21037/
atm.2019.09.126

4. Hanahan D, Weinberg RA. Hallmarks of Cancer: The Next Generation. Cell
(2011) 144(5):646–74. doi: 10.1016/j.cell.2011.02.013
June 2022 | Volume 12 | Article 716295

https://yangchao.shinyapps.io/dynnomapp/
http://www.letpub.com
https://www.frontiersin.org/articles/10.3389/fonc.2022.716295/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.716295/full#supplementary-material
https://doi.org/10.1111/nan.12432
https://doi.org/10.1056/NEJMoa043330
https://doi.org/10.21037/atm.2019.09.126
https://doi.org/10.21037/atm.2019.09.126
https://doi.org/10.1016/j.cell.2011.02.013
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Inflammatory Markers in GBM Patients
5. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-Related Inflammation.
Nature (2008) 454(7203):436–44. doi: 10.1038/nature07205

6. Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-Related
Inflammation and Treatment Effectiveness. Lancet Oncol (2014) 15(11):
e493–503. doi: 10.1016/s1470-2045(14)70263-3

7. Shimada H, Takiguchi N, Kainuma O, Soda H, Ikeda A, Cho A, et al. High
Preoperative Neutrophil-Lymphocyte Ratio Predicts Poor Survival in Patients
With Gastric Cancer. Gastric Cancer (2010) 13(3):170–6. doi: 10.1007/
s10120-010-0554-3

8. Chen J, Deng Q, Pan Y, He B, Ying H, Sun H, et al. Prognostic Value of
Neutrophil-to-Lymphocyte Ratio in Breast Cancer. FEBS Open Bio (2015)
5:502–7. doi: 10.1016/j.fob.2015.05.003

9. Templeton AJ, Pezaro C, Omlin A, McNamara MG, Leibowitz-Amit R, Vera-
Badillo FE, et al. Simple Prognostic Score for Metastatic Castration-Resistant
Prostate Cancer With Incorporation of Neutrophil-to-Lymphocyte Ratio.
Cancer (2014) 120(21):3346–52. doi: 10.1002/cncr.28890

10. Hu H, Yao X, Xie X, Wu X, Zheng C, Xia W, et al. Prognostic Value of
Preoperative NLR, dNLR, PLR and CRP in Surgical Renal Cell Carcinoma
Patients. World J Urol (2017) 35(2):261–70. doi: 10.1007/s00345-016-
1864-9

11. Lei YY, Li YT, Hu QL, Wang J, Sui AX. Prognostic Impact of Neutrophil-to-
Lymphocyte Ratio in Gliomas: A Systematic Review and Meta-Analysis.
World J Surg Oncol (2019) 17(1):152. doi: 10.1186/s12957-019-1686-5

12. Wang DP, Kang K, Lin Q, Hai J. Prognostic Significance of Preoperative
Systemic Cellular Inflammatory Markers in Gliomas: A Systematic Review
and Meta-Analysis. Clin Transl Sci (2020) 13(1):179–88. doi: 10.1111/
cts.12700

13. Bambury RM, Teo MY, Power DG, Yusuf A, Murray S, Battley JE, et al. The
Association of Pre-Treatment Neutrophil to Lymphocyte Ratio With Overall
Survival in Patients With Glioblastoma Multiforme. J Neurooncol (2013) 114
(1):149–54. doi: 10.1007/s11060-013-1164-9

14. Han S, Liu Y, Li QC, Li ZH, Hou HP, Wu AH. Pre-Treatment Neutrophil-to-
Lymphocyte Ratio is Associated With Neutrophil and T-Cell Infiltration and
Predicts Clinical Outcome in Patients With Glioblastoma. BMC Cancer
(2015) 15:617. doi: 10.1186/s12885-015-1629-7

15. Weng WJ, Chen X, Gong SH, Guo LM, Zhang XH. Preoperative Neutrophil-
Lymphocyte Ratio Correlated With Glioma Grading and Glioblastoma Survival.
Neurol Res (2018) 40(11):917–22. doi: 10.1080/01616412.2018.1497271

16. Brenner A, Friger M, Geffen DB, Kaisman-Elbaz T, Lavrenkov K. The
Prognostic Value of the Pretreatment Neutrophil/Lymphocyte Ratio in
Patients With Glioblastoma Multiforme Brain Tumors: A Retrospective
Cohort Study of Patients Treated With Combined Modality Surgery,
Radiation Therapy, and Temozolomide Chemotherapy. Oncology (2019) 97
(5):255–63. doi: 10.1159/000500926

17. Sun Y, Zhang L. The Clinical Use of Pretreatment NLR, PLR, and LMR in Patients
With Esophageal Squamous Cell Carcinoma: Evidence From a Meta-Analysis.
Cancer Manag Res (2018) 10:6167–79. doi: 10.2147/cmar.s171035

18. Lopes M, Carvalho B, Vaz R, Linhares P. Influence of Neutrophil-Lymphocyte
Ratio in Prognosis of Glioblastoma Multiforme. J Neurooncol (2018) 136
(1):173–80. doi: 10.1007/s11060-017-2641-3

19. Hao YF, Li XL, Chen HC, Huo HZ, Liu ZB, Tian F, et al. A Cumulative Score
Based on Preoperative Neutrophil-Lymphocyte Ratio and Fibrinogen in
Predicting Overall Survival of Patients With Glioblastoma Multiforme.
World Neurosurg (2019) 128:e427–433. doi: 10.1016/j.wneu.2019.04.169

20. Wu YY, Song ZM, Sun KS, Rong SK, Gao P, Wang F, et al. A Novel Scoring
System Based on Peripheral Blood Test in Predicting Grade and Prognosis of
Patients With Glioma. Oncol Targets Ther (2019) 12:11413–23. doi: 10.2147/
ott.s236598

21. Zhang Y, Zhu JY, Zhou LN, Tang M, Chen MB, Tao M. Predicting the
Prognosis of Gastric Cancer by Albumin/Globulin Ratio and the Prognostic
Nutritional Index. Nutr Cancer (2019) 72(4):635–44. doi: 10.1080/
01635581.2019.1651347

22. Nakanishi Y, Masuda T, Yamaguchi K, Sakamoto S, Horimasu Y, Mimae T,
et al. Albumin–Globulin Ratio Is a Predictive Biomarker of Antitumor Effect
of Anti-PD-1 Antibody in Patients With Non-Small Cell Lung Cancer. Int J
Clin Oncol (2019) 25(1):74–81. doi: 10.1007/s10147-019-01539-2

23. Gundog M, Basaran H. Pretreatment Low Prognostic Nutritional Index and
Low Albumin–Globulin Ratio are Predictive for Overall Survival in
Frontiers in Oncology | www.frontiersin.org 10
Nasopharyngeal Cancer. Eur Arch OtoRhinoLaryngol (2019) 276(11):3221–
30. doi: 10.1007/s00405-019-05595-2

24. Chi JS, Xie QZ, Jia JJ, Liu XM, Sun JJ, Chen JH, et al. Prognostic Value of
Albumin/Globulin Ratio in Survival and Lymph Node Metastasis in Patients
With Cancer: A Systematic Review and Meta-Analysis. J Cancer (2018) 9
(13):2341–8. doi: 10.7150/jca.24889

25. Liu MC, Wang LW. Prognostic Significance of Preoperative Serum Albumin,
Albumin-to-Globulin Ratio, and Prognostic Nutritional Index for Patients
With Glioma. Medicine (2020) 99(27) :e20927. doi : 10 .1097/
md.0000000000020927

26. Zheng SH, Huang JL, Chen M,Wang BL, Ou QS, Huang SY. Diagnostic Value
of Preoperative Inflammatory Markers in Patients With Glioma: A
Multicenter Cohort Study. J Neurosurg (2018) 129(3):583–92. doi: 10.3171/
2017.3.jns161648

27. Wang PF, Meng Z, Song HW, Yao K, Duan ZJ, Yu CJ, et al. Preoperative
Changes in Hematological Markers and Predictors of Glioma Grade and
Survival. Front Pharmacol (2018) 9:886. doi: 10.3389/fphar.2018.00886

28. Matsuda S, Takeuchi H, Kawakubo H, Fukuda K, Nakamura R, Suda K, et al.
Prognostic Impact of Change in the Fibrinogen and Albumin Score During
Preoperative Treatment in Esophageal Cancer Patients. World J Surg (2017)
41(11):2788–95. doi: 10.1007/s00268-017-4074-8

29. World Medical Association. World Medical Association Declaration of
Helsinki Ethical Principles for Medical Research Involving Human Subjects.
JAMA (2013) 310(20):2191–4. doi: 10.1001/jama.2013.281053

30. XuWS, Wang DL, Zheng XB, Ou QS, Huang LM. Sex-Dependent Association
of Preoperative Hematologic Markers With Glioma Grade and Progression.
J Neurooncol (2018) 137(2):279–87. doi: 10.1007/s11060-017-2714-3

31. Chow SC, Shao J, Wang H. Sample Size Calculations in Clinical Research. 2nd
Ed. London: Chapman & Hall/CRC Biostatistics Series (2008). p. 58.

32. Coussens LM, Werb Z. Inflammation and Cancer. Nature (2002) 420
(6917):860–7. doi: 10.1038/nature01322

33. Cedres S, Torrejon D, Martinez A, Martinez P, Navarro A, Zamora E, et al.
Neutrophil to Lymphocyte Ratio (NLR) as an Indicator of Poor Prognosis in
Stage IV non-Small Cell Lung Cancer. Clin Transl Oncol (2012) 14(11):864–9.
doi: 10.1007/s12094-012-0872-5

34. Zhou XW, Dong H, Yang Y, Luo JW, Wang X, Liu YH, et al. Significance of
the Prognostic Nutritional Index in Patients With Glioblastoma: A
Retrospective Study. Clin Neurol Neurosurg (2016) 151:86–91. doi: 10.1016/
j.clineuro.2016.10.014

35. He ZQ, Duan H, Lin FH, Zhang J, Chen YS, Zhang GH, et al. Pretreatment
Neutrophil-to-Lymphocyte Ratio Plus Albumin-to-Gamma-Glutamyl
Transferase Ratio Predict the Diagnosis of Grade III Glioma. Ann Transl
Med (2019) 7(22):623–3. doi: 10.21037/atm.2019.11.24

36. Shaul ME, Fridlender ZG. Cancer-Related Circulating and Tumor-Associated
Neutrophils – Subtypes, Sources and Function. FEBS J (2018) 285(23):4316–
42. doi: 10.1111/febs.14524

37. Massara M, Persico P, Bonavita O, Mollica Poeta V, Locati M, Simonelli M,
et al. Neutrophils in Gliomas. Front Immunol (2017) 8:1349. doi: 10.3389/
fimmu.2017.01349

38. Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng GJ, Ling L, et al. Polarization of
Tumor-Associated Neutrophil Phenotype by TGF-Beta: "N1" Versus "N2"
TAN. Cancer Cell (2009) 16(3):183–94. doi: 10.1016/j.ccr.2009.06.017

39. McCourt M, Wang JH, Sookhai S, Redmond HP. Proinflammatory Mediators
Stimulate Neutrophil-Directed Angiogenesis. Arch Surg (1999) 134(12):1325–
1331; discussion 1331-1322. doi: 10.1001/archsurg.134.12.1325

40. Shamamian P, Schwartz JD, Pocock BJ, Monea S, Whiting D, Marcus SG, et al.
Activation of Progelatinase A (MMP-2) by Neutrophil Elastase, Cathepsin G,
and Proteinase-3: A Role for Inflammatory Cells in Tumor Invasion and
Angiogenesis. J Cell Physiol (2001) 189(2):197–206. doi: 10.1002/jcp.10014

41. Petrie HT, Klassen LW, Kay HD. Inhibition of Human Cytotoxic
T Lymphocyte Activity In Vitro by Autologous Peripheral Blood
Granulocytes. J Immunol (1985) 134(1):230–4.

42. Shau HY, Golub SH. Inhibition of Lymphokine-Activated Killer- and Natural
Killer-Mediated Cytotoxicities by Neutrophils. J Immunol (1989) 143
(3):1066–72.

43. Komohara Y, Fujiwara Y, Ohnishi K, Takeya M. Tumor-Associated
Macrophages: Potential Therapeutic Targets for Anti-Cancer Therapy. Adv
Drug Delivery Rev (2016) 99(Pt B):180–5. doi: 10.1016/j.addr.2015.11.009
June 2022 | Volume 12 | Article 716295

https://doi.org/10.1038/nature07205
https://doi.org/10.1016/s1470-2045(14)70263-3
https://doi.org/10.1007/s10120-010-0554-3
https://doi.org/10.1007/s10120-010-0554-3
https://doi.org/10.1016/j.fob.2015.05.003
https://doi.org/10.1002/cncr.28890
https://doi.org/10.1007/s00345-016-1864-9
https://doi.org/10.1007/s00345-016-1864-9
https://doi.org/10.1186/s12957-019-1686-5
https://doi.org/10.1111/cts.12700
https://doi.org/10.1111/cts.12700
https://doi.org/10.1007/s11060-013-1164-9
https://doi.org/10.1186/s12885-015-1629-7
https://doi.org/10.1080/01616412.2018.1497271
https://doi.org/10.1159/000500926
https://doi.org/10.2147/cmar.s171035
https://doi.org/10.1007/s11060-017-2641-3
https://doi.org/10.1016/j.wneu.2019.04.169
https://doi.org/10.2147/ott.s236598
https://doi.org/10.2147/ott.s236598
https://doi.org/10.1080/01635581.2019.1651347
https://doi.org/10.1080/01635581.2019.1651347
https://doi.org/10.1007/s10147-019-01539-2
https://doi.org/10.1007/s00405-019-05595-2
https://doi.org/10.7150/jca.24889
https://doi.org/10.1097/md.0000000000020927
https://doi.org/10.1097/md.0000000000020927
https://doi.org/10.3171/2017.3.jns161648
https://doi.org/10.3171/2017.3.jns161648
https://doi.org/10.3389/fphar.2018.00886
https://doi.org/10.1007/s00268-017-4074-8
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1007/s11060-017-2714-3
https://doi.org/10.1038/nature01322
https://doi.org/10.1007/s12094-012-0872-5
https://doi.org/10.1016/j.clineuro.2016.10.014
https://doi.org/10.1016/j.clineuro.2016.10.014
https://doi.org/10.21037/atm.2019.11.24
https://doi.org/10.1111/febs.14524
https://doi.org/10.3389/fimmu.2017.01349
https://doi.org/10.3389/fimmu.2017.01349
https://doi.org/10.1016/j.ccr.2009.06.017
https://doi.org/10.1001/archsurg.134.12.1325
https://doi.org/10.1002/jcp.10014
https://doi.org/10.1016/j.addr.2015.11.009
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Inflammatory Markers in GBM Patients
44. Ni XJ, Zhang XL, Ou-Yang QW, Qian GW, Wang L, Chen S, et al. An Elevated
Peripheral Blood Lymphocyte-to-Monocyte Ratio Predicts Favorable Response
and Prognosis in Locally Advanced Breast Cancer Following Neoadjuvant
Chemotherapy. PloS One (2014) 9(11):e111886. doi: 10.1371/journal.pone.0111886

45. Na BG, Han SS, Cho YA, Wie GA, Kim JY, Lee JM, et al. Nutritional Status of
Patients With Cancer: A Prospective Cohort Study of 1,588 Hospitalized Patients.
Nutr Cancer (2019) 70(8):1228–36. doi: 10.1080/01635581.2019.1578392

46. Brock F, Bettinelli LA, Dobner T, Stobbe JC, Pomatti G, Telles CT. Prevalence
of Hypoalbuminemia and Nutritional Issues in Hospitalized Elders. Rev Lat-
Am Enfermagem (2016) 24:e2736. doi: 10.1590/1518-8345.0260.2736

47. Han S, Huang YM, Li ZH, Hou HP, Wu AH. The Prognostic Role of
Preoperative Serum Albumin Levels in Glioblastoma Patients. BMC Cancer
(2015) 15:108. doi: 10.1186/s12885-015-1125-0

48. Gabay C, Kushner I. Acute-Phase Proteins and Other Systemic Responses to
Inflammation. N Engl J Med (1999) 340(6):448–54. doi: 10.1056/nejm1999
02113400607

49. Zhao YH, Wang ZF, Cao CJ, Weng H, Xu CS, Li K, et al. The Clinical
Significance of O6-Methylguanine-DNA Methyltransferase Promoter
Methylation Status in Adult Patients With Glioblastoma: A Meta-Analysis.
Front Neurol (2018) 9:127(127). doi: 10.3389/fneur.2018.00127

50. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in
Oncology: More Than Meets the Eye. Lancet Oncol (2015) 16(4):e173–80.
doi: 10.1016/s1470-2045(14)71116-7
Frontiers in Oncology | www.frontiersin.org 11
51. Calster BV, Wynants L, Verbeek JFM, Verbakel JY, Christodoulou E, Vickers
AJ, et al. Reporting and Interpreting Decision Curve Analysis: A Guide for
Investigators. Eur Urol (2018) 74(6):796–804. doi: 10.1016/j.eururo.
2018.08.038
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Yang, Lan, Wang, Huang, Li, Li, Li, Li, Wang and Li. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
June 2022 | Volume 12 | Article 716295

https://doi.org/10.1371/journal.pone.0111886
https://doi.org/10.1080/01635581.2019.1578392
https://doi.org/10.1590/1518-8345.0260.2736
https://doi.org/10.1186/s12885-015-1125-0
https://doi.org/10.1056/nejm199902113400607
https://doi.org/10.1056/nejm199902113400607
https://doi.org/10.3389/fneur.2018.00127
https://doi.org/10.1016/s1470-2045(14)71116-7
https://doi.org/10.1016/j.eururo.2018.08.038
https://doi.org/10.1016/j.eururo.2018.08.038
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Cumulative Scoring Systems and Nomograms for Predicating Survival in Patients With Glioblastomas: A Study Based on Peripheral Inflammatory Markers
	Introduction
	Materials and Methods
	Study Cohort
	Ethics Approval
	Data Collection
	Nomograms for Predicting OS in GBM Patients
	Statistical Analysis

	Results
	Clinical Characteristics
	Calculation of Sample Size
	Comparison of Peripheral Inflammatory Markers Between Lower-Grade Glioma (LGG) and GBM
	Association Between Inflammatory Markers and Survival in GBM Patients
	Association Between Scoring Systems of Combined Inflammatory Markers and Survival in GBM Patients
	Nomograms for Predicting OS in GBM Patients

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


