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Objective Gliomas are the most common intracranial tumors. Histopathology and
neuroimaging are the main modalities used for diagnosis and treatment response
monitoring. However, both are expensive and insensitive methods and can cause neu-
rological deterioration. This study aimed to develop a minimally invasive peripheral
inflammatory biomarker for diagnosis of glioma, its grade, and isocitrate dehydroge-
nase (IDH) status.

Materials and Methods Patients undergoing surgery for glioma, acoustic neu-
roma, and meningioma between January 2019 and December 2019 were included.
Preoperative neutrophil/lymphocyte ratio (NLR), derived NLR (dNLR), platelet/lym-
phocyte ratio (PLR), lymphocyte/monocyte ratio (LMR), eosinophil/lymphocyte ratio
(ELR), and prognostic nutritional index (PNI) were calculated. Histopathology and
immunohistochemistry (IHC) staining were done postoperatively.

Results A total of 154 patients of glioma, 36 patients of acoustic neuroma, 58 patients
of meningioma, and 107 healthy controls were included. dNLR showed the maximum
area under the curve (AUC) (0.656639) for diagnosis of glioma from other tumors and
among combinations. dNLR +NLR showed the maximum AUC (0.647865). Maximum
AUC for glioblastoma multiforme (GBM) versus other grades and among combinations
was shown by NLR (0.83926). NLR + dNLR had the maximum AUC (0.764794). NLR
showed significant p value in differentiating IDH wild from IDH mutant GBM.
Conclusion dNLR has the maximum diagnostic value in diagnosing glioma from other
tumors. NLR (AUC = 0.83926) showed the highest accuracy for GBM diagnosis and may
be a parameter in predicting the grade of glioma; also, it has maximum diagnostic value
in differentiating IDH wild GBM from IDH mutant GBM. These peripheral inflammatory
parameters may prove to be sensitive and cost-effective markers for glioma diagnosis, pre-
dicting grade of glioma, monitoring of treatment response, and in predicting recurrence.

glioma, the 5-year survival rate remains poor.> At present
definitive diagnosis is made by histopathological studies of

Glioma, the commonest intracranial tumor accounts for
approximately 81% of malignant tumors of brain." The most
frequent type is glioma grade IV (glioblastoma multiforme
[GBM]), with incidence of approximately 3.5/100,000 per
year.? Despite the advancements made in the treatment of
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tumor tissue obtained by either resection or biopsy, whereas
neuroimaging (CT or MRI) is used for assessment of treat-
ment response, staging, and recurrence.* However, imag-
ing and histopathological tests are expensive and results in
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neurological injury.> Moreover, glioma has no serum marker
that can be applied for its diagnosis, staging, monitoring of
response to treatment modalities, and recurrence. So, there
is need of developing sensitive but cost-effective markers for
glioma, which can predict its diagnosis preoperatively and
also help in monitoring of treatment response and recurrence.

Earlier studies have highlighted the involvement of
inflammatory process in pathogenesis of many solid can-
cers, and inflammation severity may be correlated with the
grade of tumor.’ Inflammation results in changes in levels of
local and circulating neutrophils, lymphocytes, monocytes,
eosinophils, and albumin. These serum markers are easy
to measure and are low cost. Changes in the level of these
markers and their ratios like neutrophil/lymphocyte (NLR),
lymphocyte/monocyte (LMR) and platelet/lymphocyte (PLR)
have been used as markers for host inflammation in many
solid tumors, including prostate cancer, esophageal cancer,
hepatic cancer, colon cancer, and lung cancer. These markers
have aided in patient stratification to treatment and also help
in predicting survival of these patients.”-"° Increased preoper-
ative NLR has been suggested as a marker of poor survival in
patients with GBM in earlier studies.!"'> Unfortunately, there
are only limited studies focusing on the diagnostic value of
such inflammatory parameters in glioma. Despite many
studies suggesting the antitumor effect of eosinophils in
solid tumors like colon, bladder, and lung cancer,' there is
scarcely any study focusing on role of eosinophils in glioma.
We also included eosinophils in our study and assessed their
role as inflammatory markers in patients with glioma.

Studies have also suggested an association of these inflam-
matory markers with the molecular status of glioma,'> and
NLR has been suggested as the single best marker to differen-
tiate isocitrate dehydrogenase (IDH)-mutated and wild type
GBM.

The aim of the present study is to diagnose glioma, and
determine its grade and IDH status preoperatively, using
these peripheral inflammatory parameters.

Materials and Methods

Study Population
Patients with glioma, acoustic neuroma, and meningi-
oma who underwent surgery between January 2019 and
December 2019 in our institution were included. Following
are the inclusion criteria: (1) Tumour diagnosis, grading
verified histologically in resected specimen. (2) No preop-
erative radiotherapy, chemotherapy, or any cancer specific
treatment. (3) No conditions that can alter the levels of blood
parameters in study such as infections, renal or hepatic dys-
function. (4) Informed consent.

One fifty-four patients of glioma, 58 patients of meningi-
oma, 36 patients of acoustic neuroma, and 107 healthy con-
trols were included in the study.

Data Collection

Blood samples were taken within 3 days prior to surgery.
Total and differential leucocyte counts, platelet counts,
and serum albumin were done. Preoperative derived NLR
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(dNLR = ANC/[WBC - ANC]), PLR, LMR, eosinophil/lymphocyte
(ELR)andprognosticnutritionalindex(PNI=[10xserumalbumin
(g/dL)]+[0. 005xlymphocytes/L]) were calculated. Age, sex,
histological diagnosis, grade of tumor, and molecular subtype
were collected. mmunohistochemistry (IHC) staining was
done to determine IDH status in patients with glioma.

Statistical Analysis

The association of inflammatory markers with tumor grade
was determined using the Kruskal-Wallis test. Correlation
was judged by the Pearson correlation test. The diagnostic
performance of these markers was evaluated by calculating
the area under the curve obtained from receiver operating
characteristic (ROC) curve. p value < 0.05 was taken as statis-
tically significant.

Results

Demographics

One fifty-four patients of glioma, 58 patients of menin-
gioma, 36 patients of acoustic neuroma, and 107 healthy
controls were included in present study. Demographic
details of the patients are shown in =Table 1. The median
age (years) for patients with acoustic neuroma, meningi-
oma, glioma, and healthy controls were 49.5, 54.5, 42 and
41, respectively. Glioma group consisted of 86 (55.84%)
males and 68 (44.16%) females. Glioma patients were
further classified as grade I in 26 (16.84%), grade II in
38 (24.67%), grade III in 32 (20.78%), and grade IV in
58 (37.66%) patients. The IDH mutation rate in patients
with glioma was 31.82% (49/154).

Comparison of Preoperative Inflammatory Markers
among Various Study Groups

As shown in =Table 1, total leucocyte count (TLC), neutro-
phils, and NLR were significantly increased (p value < 0.05)
in patients with glioma in comparison to acoustic neuroma,
meningioma, and healthy controls. A significant increase
(p value < 0.05) in eosinophil count was observed in gli-
oma group than other study groups. A significant decrease
(p value < 0.05) in lymphocyte count was observed in glioma
group than meningioma and healthy controls. PNI was sig-
nificantly low (p value < 0.05) in glioma patients than other
groups, except for patients with meningioma. LMR in glioma
patients was significantly lower (p value < 0.05) than other
groups, except in meningioma group.

Inflammatory Markers and Glioma Grade

Patients with glioma grade IV had significantly increased
(p value < 0.05) levels of neutrophils, monocytes, NLR, DNLR,
and PLR when compared with patients with other grades
and healthy controls (=Table 2). Patients with glioma grade
IV also had significantly lower values (p value < 0.05) of
lymphocytes when compared with healthy controls and
other grades of glioma, except for grade IIl tumors. Patients
with glioma grade IV also had significantly lower values
(p value < 0.05) of LMR when compared with other gliomas.
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Table 1 Preoperative characteristics of patients with glioma, meningioma, acoustic neuroma, and healthy controls

Healthy control Acoustic neuroma Meningioma Glioma
Age 41 (7-82) 49.5 (22-78) 54.5 (19-86) 42 (3-87)
No of patients 107 36 58 154
Male 66 14 23 86
Female 41 22 35 68
WBC in 109/L 6.2 (3.48-9.29) 5.68 (2.05-10.61)° 5.97 (2.93-9.16) 7.27 (2.91-17.14)<

Neutrophil in 109/L

3.05 (1.67-5.01)

2.81(1.23-5.67)¢

3.20 (1.67-5.79)

Lymphocyte in 109/L

2.29(1.03-3.99)

1.9 (0.7-2.98)°

1.84 (0.7-2.93)°

1.98 (0.38-4.5)>¢

Monocytes in 109/L

0.41(0.23-3.36)

0.45 (0.1-0.98)°

0.40 (0.2-1.32)°

(
4.31(1.1-13.67)

(

(

0.47 (0.14-2.1)¢

Eosinophils in 109/L

0.15 (0.01-0.8)

0.24 (0.02-0.98)>¢

0.13(0.01-0.65)°

0.34(0.01-0.98)

Platelets in 109/L

230 (2.99-4.91)

225 (82-356)

234.5 (119-556)°

222 (75-556)°

Albumin in g/L 43 (2.99-4.91) 45.45 (24-58)° 43.4 (28-58) 41.05 (22-53)°

NLR 1.52 (0.42-4.36) 1.94 (1.75-1.9)° 1.94 (0.84-4.66)° 2.47 (0.44-15.04)"
dNLR 1.06 (0.32-2.97) 1.16 (1.14-1.5)¢ 1.43 (0.54-2.87)° 1.61(0.29-27.93)b<

ELR 0.11(0.003-0.67) 0.09 (0.002-0.41) 0.08 (0.003-0.71) 0.041 (0-0.69)°

PLR 111.75 (25.6-325.6) 111.39(117.14-119.46)c | 130.8 (51.53-615.18)*" | 120.66 (32.79-510.26)"¢
LMR 5.6 (0.45-13.4) 5.56 (7-22.01) 4.92 (1.68-10.38)* 4.34(0.3-18.9)

PNI 61.27(10.96-149.6) 54.72(27.5-56.3) 52.02(34.85-70.8)° 50.97(25.4-70.45)>

Abbreviations: dNLR; derived neutrophil/lymphocyte ratio; ELR, eosinophil/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; NLR, neutrophil/
lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI, prognostic nutritional index.
2 p <0.05 compared with healthy controls.

®p < 0.05 compared with patients with acoustic neuroma.
¢p <0.05 compared with patients with meningioma

Table 2 Correlations between preoperative inflammatory markers and glioma grade

Marker Healthy controls Glioma grade | Glioma grade I1) Glioma grade llI Glioma grade IV
(n=26) (n=38) (n=32) (n=58)

WBCin 109/L | 6.1(3.48-9.29) 6.9 (4.74-16.89)*¢ | 6.87 (2.91-17.14)* | 7.08 (4.38-16.09)*> | 8.46 (5.91-12.39)<

Neutrophil 3.05 (1.67-5.01) 3.63(1.97-13.67¢ | 3.63(1.1-12.5) 4.17 (2.56-13.67)*> | 6.1 (3.67-10.2)"¢

in 109/L

Lymphocyte 2.29(1.03-3.99) 2.43 (0.98-4.5)° 2.03 (0.7-4.1) 1.98 (0.88-2.93)* 1.615 (0.38-4.1)*<

in 109/L

Monocytes 0.41 (0.23-3.36) 0.47 (0.21-1.22)° 0.425 (0.2-1.23) 0.45 (0.22-0.96) 0.56 (0.14-2.1)*¢

in 109/L

Eosinophils 0.15(0.01-0.8) 0.11(0.01-0.98) 0.15(0.01-0.98) 0.125 (0.01-0.65) 0.19(0.01-0.98)"¢

in 109/L

Platelets 230 (2.99-4.91) 255.5 (82-556) 260 (75-354) 245 (82-556) 233.5 (113-486)"-¢

in 109/L

Albumining/L | 43 (2.99-4.9) 41.75 (32-50) 40.6 (24.4-52.6) 41 (28-52) 39.45 (22-53)

NLR 1.52 (0.42-4.36) 1.59 (0.48-7.23)« | 1.8(0.44-4.33) 2.01(1.28-7.23)* 3.57 (1.38-15.04)*

dNLR 1.06 (0.32-2.97) 1.27 (0.38-4.25) 1.38(0.29-16.77)* | 1.59 (1.06-5.64) 2.185 (0.87-27.93)¢

ELR 0.11 (0.003-0.67) 0.04 (0.003-0.67) | 0.06 (0.002-0.69)> | 0.027(0.003-0.093) | 0.03(0.01-0.47)c

PLR 111.75 (25.6-325.6) 109.56 103.07 120.17 143.69
(44.24-329.91)° (32.79-282.22)° (51.53-323.89)"< (39.21-510.26)"¢

LMR 5.6 (0.45-13.4) 5.27 (1.55-15)¢ 5.2 (0.8-15.42)¢ 4.13(1.42-10.10)< | 3.22(0.3-18.9)"¢

PNI 61.27 (10.96-149.6)¢ | 55.13 (44-69.5)¢ 52.28 (27.9-70.45) | 50.5 (34.3-61.35) 49.92 (25.4-68.5)°

IDH mutation positive status 0 (0%) 20(76.92%) 19 (59.38%) 10 (17.24%)

Abbreviations: dNLR; derived neutrophil/lymphocyte ratio; ELR, eosinophil/lymphocyte ratio; IDH, isocitrate dehydrogenase; LMR, lymphocyte/mono-
cyte ratio; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI, prognostic nutritional index.
2 p <0.05 compared with healthy controls.
®p < 0.05 compared with grade | glioma patients.

¢p <0.05 compared with grade Il glioma patients.
4p <0.05 compared with grade Ill glioma patients.
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Table 3 Correlation between inflammatory markers and

glioma grades

R p-Value
WBC 0.413 0.001
Neutrophils 0.484 0.001
Lymphocytes -0.24 0.001
Monocytes 0.153 0.121
Eosinophils -0.06 0.5601
Albumin -0.06 0.6101
Platelets 0.11 0.076
NLR 0.431 0.001
dNLR 0.266 0.001
ELR -0.279 0.001
PLR 0.275 0.001
LMR -0.233 0.001
PNI -0.227 0.001

Abbreviations:dNLR;derivedneutrophil/lymphocyteratio;ELR,eosinophil/
lymphocyte ratio; LMR, lymphocyte/monocyte ratio; NLR, neutrophil/
lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI, prognostic nutri-

tional index.
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We found significantly lower values (p value < 0.05) of plate-
lets in grade IV patients when compared with other grades.

Correlation between Inflammatory Markers and
Glioma Grades

As shown in =Table 3, there was statistically significant pos-
itive correlation between tumor grade and white blood cell
(WBC) count (r = 0.413, p = 0.001), neutrophils (r = 0.484,
p=0.001),NLR(r=0.431,p=0.001), dNLR (r=0.266, p = 0.001),
and PLR (r = 0.275, p = 0.001). Statistically significant negative
correlation was seen between lymphocytes (r=-0.24, p = 0.001),
PNI (r = - 0.227, p = 0.001), LMR (r = 0.233, p = 0.001), ELR
(r=-0.279,p=0.001) and tumor grade. Eosinophils also showed
negative correlation with tumor grade (r = - 0.06), however it
did not reach the significant value (p = 0.5601). NLR showed the
most significant positive correlation with glioma grade.

Diagnostic Value of Inflammatory Markers in Glioma

Diagnostic value (AUC) of various inflammatory parame-
ters in diagnosis of glioma from other tumors is shown in
=Fig. 1A. Maximum diagnostic efficacy for glioma diagnosis
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Fig. 1 Diagnostic value (area under curve [AUC]) of various inflammatory markers and their combinations in diagnosis of glioma versus others

(A, B) and glioblastoma multiforme (GBM) versus other grades (C, D).
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was shown by dNLR, with maximum AUC of 0.656639. The
cutoff point for dNLR was 1.26, with 70.1% sensitivity and
41.5% specificity. Among combinations (=Fig. 1B), maxi-
mum diagnostic efficacy was shown by NLR + dNLR with
AUC of 0.647865 (=Table 4). The cutoff point for NLR + dNLR
was 1.48, with 70.5% sensitivity and 42% specificity.

We also assessed the efficacy of these markers (=Fig. 1C)
and their combinations (=Fig. 1D) in diagnosis of GBM from
other grades (I-III). Among all these markers, NLR (AUC =
0.83926) showed the highest accuracy in diagnosis of GBM
and may predict the grade of glioma. The cutoff point for
NLR was 2.15, with 89.7% sensitivity and 66.7% specificity.
Among combinations, NLR + dNLR showed maximum accu-
racy (AUC 0.764794). Cutoff point for NLR + dNLR was 1.85,
with 78.4% sensitivity and 59.4% specificity.

Table 4 Diagnostic value (AUC) of NLR, dNLR, PLR, LMR, PNI,
and their combinations

GBM vs. Glioma vs.

grade I-11l others
Test result variable(s) Area Area
NLR 0.83926 0.656604
DNLR 0.714619 0.656639
ELR 0.438757 0.428765
PLR 0.668732 0.460037
LMR 0.372396 0.411474
PNI 0.413214 0.449233
NLR-dNLR 0.764794 0.647865
NLR-PLR 0.62711 0.528979
NLR-LMR 0.57936 0.511156
NLR-PNI 0.546269 0.501269
dNLR-PLR 0.595793 0.529143
dNLR-LMR 0.547346 0.529126
dNLR-PNI 0.515445 0.501468
PLR-LMR 0.511045 0.467843
PLR-PNI 0.49798 0.424401

Abbreviations: AUC, area under curve; dNLR; derived neutrophil/lym-
phocyte ratio; ELR, eosinophil/lymphocyte ratio; LMR, lymphocyte/
monocyte ratio; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lym-
phocyte ratio; PNI, prognostic nutritional index.

Inflammatory Markers and IDH Status

Our study investigated the difference in values of various
inflammatory markers in glioma group to assess their diag-
nostic value in predicting IDH-wild and IDH-mutated glioma
(=Table 5). In our study, there was no IDH mutation in gli-
oma grade I. NLR was significantly different between IDH-
wild type and IDH-mutated glioma in grade Il (p value = 0.01;
median 1.41 and 1.82, respectively), grade III (p value = 0.03;
median 2.01 and 2.41, respectively) and grade IV glioma
(p value = 0.01; median 3.47 and 3.91, respectively). = Fig. 2
shows immunoreactivity for IDH 1, favoring the diagnosis of
IDH-mutant glioma.

Discussion

Chronic inflammation has been accepted as one of the
hallmarks for cancer.'® Many studies have suggested role
of chronic inflammation in cancer pathogenesis. Chronic
inflammation results in changes in levels of circulating neu-
trophils, lymphocytes, monocytes, platelets, eosinophils,

Y\..‘nn' ul

Fig. 2 Isocitrate dehydrogenase (IDH1) immunoreactivity in glioma.

Table 5 Potential influences on ELR, NLR, PLR, LMR, and PNI caused by IDH1 mutation within glioma grade

Grade Il Grade IlI Grade IV

wild Mutation | p-Value wild Mutation | p-Value wild Mutation | p-Value

type type type type type type
Median of ELR 0.0651 0.044 0.29 0.027 0.0297 0.81 0.0395 0.027 0.65
Median of NLR 1.41 1.82 0.01 2.01 2.41 0.03 3.47 3.97 0.01
Median of PLR 108.1 107.9 0..41 107.47 111.91 0.061 121.29 136.9 0.041
Median of LMR 5.02 5.17 0.52 4.15 4.78 0.061 3.15 2.25 0.02
Median of PNI 51.3 49.9 0.22 50.8 49.7 0.19 48.4 45.5 0.11

Abbreviations: dNLR; derived neutrophil/lymphocyte ratio; ELR, eosinophil/lymphocyte ratio; IDH, isocitrate dehydrogenase; LMR, lymphocyte/mono-
cyte ratio; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI, prognostic nutritional index.
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albumin, and C-reactive protein.'”'® High values of preoper-
ative NLR, PLR and low value of preoperative LMR have been
suggested as markers for colorectal cancer detection, staging,
and treatment response monitoring. They have also been
suggested as biomarkers in prostate and lung cancer. Earlier
studies have also shown that NLR > 4 has poor prognosis and
shorter survival in GBM."

Studies have recently suggested the role of chronic
inflammation in glioma but such studies are very limited.
Despite studies suggesting antitumor effect of eosinophils
in many solid cancers, eosinophils are scarcely studied in
glioma. We aimed to explore the relationship of inflamma-
tory markers in blood to glioma, its grade, and IDH status.
We also evaluated the efficacy of these markers in predict-
ing the IDH status of glioma, that is, IDH-wild type versus
IDH-mutant type.

The first study on inflammatory markers in glioma by
Zadora et al*® concluded that NLR can predict grade of glioma,
and a cutoff point of NLR 2 2.5 can predict GBM. Wilson et al?!
on pediatric glioma reported a significant lower neutro-
phil count in low-grade glioma (LGG) when compared
with high-grade glioma (HGG) and concluded that neutro-
phil count > 3.36 can predict death at 2 years after surgery.
Although their study reported higher value of NLR in HGG
in comparison to LGG but the difference was not significant.
A recent study by Wang et al.”? in 2018 showed that NLR had
the highest diagnostic value for diagnosing GBM from other
grades.

None of the above mentioned studies explored the
changes in eosinophils in glioma. The study by Costello et al?®
showed favorable prognosis when laryngeal carcinomas,
urinary bladder carcinoma, and lung cancers were infil-
trated by eosinophils, but same eosinophils’ infiltration in
patients with Hodgkin lymphoma leads to unfavorable prog-
nosis. The mechanism underlying antitumor effect of eosin-
ophils remains unclear. A study suggested that dipeptidyl
4 inhibiter could recruit eosinophils in tumor and also inhibit
its growth.? Degranulation phenomenon that leads to release
of eosinophil cationic protein (ECP), major basic protein
(MBP), eosinophil-derived neurotoxin (EDN), and eosinophil
cationic protein (ECP)* is often present with eosinophils in
tumor tissue. All these have been suggested to have antitu-
mor effect. Cytokines secreted by eosinophils such as IL-8,
TGF-a, and IFN-y may have antitumor effect,?® while cyto-
kines like IL-5 released by eosinophils are linked to worse
prognosis.?’

We found in our study that patients with glioma had sig-
nificant increase in WBCs, neutrophils, NLR, and dNLR when
compared with other tumors and healthy controls. Inthe study
published by Massara et al?® in 2017, neutrophil-induced
immunosuppression and angiogenesis were found to pro-
mote progression of glioma. The mechanism that results in
increase in neutrophils are not clearly defined. Chemotactic
factors secretion and generation of reactive oxygen species
by the tumor cells may be the underlying mechanism for
recruitment of neutrophils in tumor tissue.'

Recruitment of neutrophils at tumor site is mediated by
CXCLS8 secreted by FasL triggering on glioma cells.?® Elastase
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produced by neutrophils at tumor site promotes glioma
infiltration and induces proliferation of GBM initiating cells
by secreting S100A4.>° Neutrophil depletion by monoclonal
antibody directed against Ly6G increased survival of mice
with glioma.*!

In our study, we also found significant increase in neu-
trophils, monocytes, NLR, dNLR, and PLR in GBM when
compared with other grades. PLR has been suggested as a
marker for prognosis in various cancers. The study by Han
et al* reported that increased PLR was correlated with poor
survival. Significantly decreased value of LMR was also
observed in patient with grade IV glioma as compared with
other grades. Decreased level of LMR has been correlated
with poor prognosis in cancers such as urothelial and renal
cell carcinoma.® Decreased LMR reflects decrease in lympho-
cyte count and increase in monocyte count. We also found a
negative correlation between lymphocyte, eosinophils, ELR,
PNI, and LMR with grade of tumor. Positive correlation was
found between TLC, neutrophils, platelets, NLR, dNLR, and
PLR. Maximum positive correlation was seen for NLR. In
our study, dNLR showed maximum diagnostic efficacy with
maximum AUC (0.656639) in diagnosis of glioma from other
tumors (cutoff point for dNLR as 1.26, with 70.1% sensitivity
and 41.5% specificity). Among the combinations, NLR + dNLR
showed the maximum diagnostic efficacy in diagnosis of
glioma from other tumors, with cutoff point for NLR + dNLR
being 1.85 and sensitivity and specificity 78.4% and 59.4%,
respectively.

Among the various inflammatory markers, maximum
positive correlation was found between NLR and PLR.
For diagnosis of GBM from other grades, NLR showed the
maximum AUC, with cutoff point for NLR being 2.15 and
sensitivity and specificity 89.7% and 66.7%, respectively.
Among combinations, NLR + dNLR showed the maximum
diagnostic efficacy, with cutoff being 1.85 and sensitiv-
ity and specificity 78.4% and 59.4%, respectively, which is
in contrast to earlier studies that have shown NLR + LMR
having the highest diagnostic value in predicting grade
IV glioma.

We also observed that NLR was the best marker for pre-
dicting IDH status of glioma. We did not find IDH mutation
in grade I glioma.

Current neuroimaging studies cannot reliably dis-
tinguish between different grades of tumor. Even MRI
provides 50% to 80% diagnostic specificity in diag-
nosis of GBM from LGG, lymphoma, metastases, and
abscess.** Therefore, these inflammatory parameters com-
bined with neuroimaging may be used preoperatively to
distinguish glioma, particularly GBM, and may also help
in monitoring treatment of glioma and predicting tumor
recurrence.

There are certain limitations to the present study. First,
the present study consisted of small number of patients
and larger studies are therefore required to confirm results.
Second, changes in these inflammatory parameters may
occur as a nonspecific immune response to glioma or other
tumors. Third, data consists of heterogeneous groups, which
may decrease the value of results.
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Conclusion

In this study, we conclude that dNLR has the maximum diag-
nostic value in diagnosing glioma from other tumors. NLR
(AUC = 0.83926) showed the highest accuracy for diagno-
sis of GBM, may predict the grade of glioma, and it also has
the maximum diagnostic value in differentiating IDH-wild
GBM from IDH-mutant GBM. These peripheral inflamma-
tory parameters may prove to be sensitive and cost-effective
markers for glioma diagnosis, predicting grade of glioma,
monitoring of treatment response, and in predicting recur-
rence. Further exploration of these inflammatory changes
may lead to opening of new corridors in treatment of glioma.
Drugs acting against the protumor effect of neutrophils and
promoting the antitumor effect of eosinophils may be the
newer drugs in management of advanced glioma.
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