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Abstract

Objective: This study aims to evaluate the significance of preoperative neutrophil to lymphocyte and platelet to lymphocyte ratios in predicting the

pathological grade of supratentorial meningiomas.

Methods: This retrospective study included a total of 94 patients with newly diagnosed supratentorial meningiomas. Preoperative lymphocyte, neu-
trophil, platelet counts, and neutrophil to lymphocyte and platelet to lymphocyte ratios were obtained.

Results: Of the 94 patients, 73 patients and 21 patients showed low- and high-grade meningiomas, respectively. Among the hematological markers,
only neutrophil to lymphocyte ratio showed significantly higher value in high-grade meningioma group and showed diagnostic efficacy in predicting

the pathological grade.

Conclusions: The higher the neutrophil to lymphocyte ratio, the higher the grade of meningioma. This can help neurosurgeons to have better treat-

ment plan before the surgical intervention.
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Introduction

Meningiomas are the most commonly encountered primary
central nervous system tumors in clinical practice and originate
from meningothelial cells." According to the 2016 World Health
Organization classification of tumors of the central nervous sys-
tem, meningiomas are divided into 3 grades based on their histo-
logic pattern and the majority are grade | (benign) meningiomas.?
Clinical experience has shown us that all 3 grades can recur with
different ratios, the higher the grade the higher the recurrence.
After surgery, high-grade meningiomas (grades Il and Ill) require
radiotherapy but we have to underline that high-grade menin-
giomas show invasive behavior and have high morbidity and
decrease survival.® Preoperative differentiation may help clini-
cians to apply or select optimal therapeutic strategy. So far, there
has been no preoperative clue to differentiate among high- and
low-grade meningiomas prior to surgery and current studies have
focused on preoperative systemic or hematologic inflammatory
markers. Inflammation is now accepted as a hallmark for the for-
mation and progression of cancers and finding a hematological
marker would be very important for screening the progression
of a solid tumor and making an optimal therapeutic strategy.
Ongoing studies have exhibited that evaluation of hematological
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markers like neutrophil to lymphocyte (NLR), lymphocyte to
monocyte (LMR), and platelet to lymphocyte ratio (PLR) from a
simple venous blood which is routinely obtained before surgery
is very simple, cheap, and informative. Preoperative inflammatory
markers, especially high NLR and low LMR, have been shown
to be associated with tumor grade in several solid cancers*®
and also in gliomas.®” Unfortunately, there are a very limited
number of studies published in the English literature concern-
ing preoperative systemic inflammatory markers in patients with
meningiomas.®'? For this reason, in this study, we try to reveal
the connection among preoperative hematological inflammatory
markers and grades of meningiomas. This study is the extension of
our previously published study in which we included 61 patients
with supratentorial meningiomas.’

Methods

Patients

In this study, patients with supratentorial meningiomas are ana-
lyzed retrospectively. All the patients are operated by a single sur-
geon from April 2010 to July 2022 in Department of Neurosurgery,
Cerrahpasa Medical Faculty. The Istanbul University-Cerrahpasa,
Cerrahpasa School of Medicine (Date: October 19, 2020, No:
83045809-604.01.02) approved the study protocol. Our brain
tumor database contains clinical presentations, radiological findings,
pathological results, and laboratory findings of patients. In order to
provide homogeneous results and decrease bias, meticulous inclu-
sion criteria for this study were applied. Our including criteria were
as follows: (1) patients without signs or symptoms of any infection;
(2) without cancer of any organ and anti-tumor treatment; (3) aged
> 18 years of age; (4) without steroid treatment; (5) with complete
medical records and preoperative hematological data; and (6) with
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Table 1. Statistical Summary of Preoperative Systemic Inflammatory
Markers in the Groups

Parameters Low Grade (n =73) High Grade (n = 21) P
Lymphocytes 2.09 + 0.6 1.92+0.8 31
Neutrophils 4.31+1.3 472 +1.2 22
Platelets 259.86 + 63.0 243.90 £ 101.3 .50
NLR 226+1.3 316 £2.2 .02
PLR 132.2 +£45.7 149.2 + 87.7 .23

Values are given as mean + standard deviation.
NLR, neutrophil-lymphocyte ratio. PLR, platelet-lymphocyte ratio.
(P < 0.05).

newly diagnosed meningioma. Our meticulous inclusion criteria
provide us a total of 94 patients for this retrospective study.

Sample and Data Collection

During preoperative period, a venous blood sample was taken
routinely from all patients for preoperative laboratory evaluation.
Moreover, patient age, gender, pathological grade, preoperative
lymphocyte, neutrophil, and platelet counts are documented.
Neutrophil to lymphocyte ratio and PLR are also recorded. We
particularly included and focused on NLR and PLR because they
are the main interest in recent several studies.

Statistical Analysis

In this study, Statistical Package for Social Sciences software
version 20.0 (IBM SPSS Corp., Armonk, NY, USA) was used for
statistical analysis. The “Student’s ttest” or “Mann-Whitney

U”-test were used to compare continuous variables. The area
under the curve (AUC) for the NLR and PLR with a receiver oper-
ating characteristics (ROC) curve analysis was used for the diag-
nostic performance. A P-value (<.05) was considered statistically
significant.

Ethical Approval

The ethics committee approval was received for this study from
Istanbul University-Cerrahpasa, Cerrahpasa School of Medicine
(Date: October 19, 2020, No: 83045809-604.01.02) concordant
with the Declaration of Helsinki.

Results

A total of 94 patients with pathologically proven supratentorial
meningioma were included in our study. The patient group is com-
posed of 25 males and 69 females with a mean age of 53.15 +
11.5 years (29-75 years). A total of 73 of the patients were diag-
nosed with low-grade (grade I) and 21 of the patients were diag-
nosed with high-grade (grade Il) meningiomas histopathologically.
During the study period, we had only one patient with grade IlI
meningiomas and that patient was excluded.

No difference was seen regarding the hematological inflamma-
tory markers such as lymphocyte, neutrophil, and platelet counts
and PLR (P > .05), between low- and high-grade meningioma
groups. On the other hand, NLR in the high-grade meningioma
group was significantly higher than those of the low-grade menin-
gioma group (P =.02) (Table 1).

When low-grade meningioma group was tested against high-
grade meningioma group, the AUCs for the NLR were 0.66 (95%
Cl=0.52-0.80, P=.02) and 0.54 (95% Cl = 0.40-0.69, P=.07) for
the PLR (Figure 1). The cut-off value was found as 3.29 (P =.02) for
NLR. The findings suggest that NLR was more accurate than other
parameters studied here for predicting the meningioma grade.

1,0 1,04
0,8 0,3
0,6 0,6-
s
£ &
& &
A a
0,4 0,4
0,2-] 0,2-
0,0 T T 5 y 0,0 T T T T
0,0 0,2 0,4 0,6 0, 1,0 0,0 0,2 0,4 0,6 0,8 1,0
Specificity Specificity
a)NLR b)PLR

Figure 1. ROC analysis showing diagnostic accuracy for NLR (A; AUC = 0.66, 95% Cl = 0.52-0.80) and PLR (B; AUC = 0.54, 95% Cl = 0.40-
0.69). NLR shows more diagnostic accuracy in differentiating low-grade meningioma (grade 1) from high-grade meningioma (grade II).
AUC, area under the curve; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; ROC, receiver operator characteristic.
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Table 2. Studies Including Meningioma Only Published so far in the English Literature

No.  Year Authors Main Findings Reference
1 2017  Karimi et al Neutrophilia was associated with tumor recurrence and a significant predictor of poor outcome. 8
2 2018 Kemerdere et al  Higher NLR was associated with the grading of meningioma and a predicting factor for progression. 9
3 2019 Linet al Preoperative SIMs had a limited ability to differentiate low- and high-grade meningioma. 10
4 2019 Lianget al High leukocyte count and low LMR could be used in the assessment of the grade of meningioma. 11
5 2020 Chen et al NLR could be used as a predictor to evaluate the recurrence risk of atypical meningioma. 12

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; SIMs, systemic inflammatory markers.

Discussion

Inflammation is an important process for initiation, progression,
and malignant conversion of cancers.” It has clearly been shown
that inflammation-related neutrophils and lymphocytes can par-
ticipate in angiogenesis and proliferation of tumors.'* The reason(s)
behind the increased neutrophil and decreased lymphocyte
counts in malignant tumors is poorly understood. One possible
reason is that cytokines and chemokines released from tumor cells
can induce neutrophil infiltration and increased neutrophil count
which inhibits lymphocyte activity and lymphocyte apoptosis in
high-grade tumors.'>'®

Our study showed that higher NLR was associated with higher
meningioma grade and more than or equal to 3.29 of NLR can pre-
dict higher grade in meningiomas: the higher the NLR the higher
the meningioma grade. The high NLR means an increased amount
of neutrophil count or relatively decreased amount of lymphocyte
count obtained from peripheral blood sample. This may reflect the
favorable effect of lymphocyte which can migrate into the tumor
microenvironment to build a defensive barrier. Depending on our
results, the determination of NLR prior to surgery can help clini-
cians to make a better treatment plan.

Preoperative inflammatory markers have been the focus of sev-
eral cancer researches and the majority of studies interestingly
have focused on several other organ system tumors*® and studies
including primary brain tumors are rare. Furthermore, there is very
limited number of studies focused on meningiomas in the English
literature (Table 2). Diagnostic efficacy of preoperative inflamma-
tory markers, especially NLR and LMR, has been shown in glial
tumors and the common notion is that glioma grade is closely
related with a higher NLR and can be utilized as an indicator for
glioma progression and NLR showing > 4 prognosticates a poor
prognosis.®

The current results actually are in line with the limited number of
studies included meningioma only. Karimi et al® demonstrated that
increased peripheral blood neutrophil counts is a strong indicator
of decreased recurrence-free survival rate and only a unit increase
in neutrophil counts can cause almost 10% increase in the tumor
recurrence rate. Kemerdere et al’ found that grade Il meningio-
mas showed higher neutrophil and lower lymphocyte and plate-
let counts compared to grade | meningiomas and underlined that
a higher NLR exhibited the best accuracy for meningioma grade
of meningiomas. However, Lin et al'® in their 672 patients dem-
onstrated that preoperative systemic inflammatory markers had
limited adequacy to discriminate meningioma grade and they
underlined as many others that the inflammatory reactions around
the tumor microenvironment could be different from those in the
periphery and could be over demonstrated or under demonstrated
in the periphery. An important study by Liang et al'" includ-
ing largest number of patients (944 patients) with meningioma

reported so far found that leukocyte, neutrophil, monocyte counts,
and the NLR in the high-grade meningioma group were signifi-
cantly higher than those in the low-grade meningioma group and
highlighted that high leukocyte count and low LMR were other
independent predictors of high-grade meningiomas. Lastly, Chen
et al'? confirmed that NLR can be used as a predictor to assess the
recurrence risk of atypical or grade Il meningiomas.

In summary, limited studies regarding preoperative systemic
inflammatory markers in intracranial meningiomas have similar
results like the studies including other organ tumors and brain
gliomas. Almost all studies underline the role of inflammation in
cancers and the usefulness of some of the preoperative inflamma-
tory markers especially higher NLR and lower LMR in the predic-
tion of malignancy and grade of tumor. Our findings support the
notion that higher NLR could be used as an indicator of menin-
gioma grade before surgery and to help or to give an idea about
making a better decision on treatment planning.

We underline that the leading limitation of our study is that this
is a retrospective study that may cause selection bias although we
had strict selection criteria. Another limitation may be the number
of patients included here. The future studies should be prospective
with a higher cohort of patients with meningioma.

In conclusion, high-grade meningiomas have significantly
higher NLR compared to the low-grade meningiomas and higher
NLR is associated with better accuracy for predicting meningioma
grade: higher the NLR, the higher the grade of meningioma. This
can help neurosurgeons to have better treatment plan before the
surgical intervention.

Ethics Committee Approval: Ethical committee approval was received
from the Ethics Committee of Istanbul University-Cerrahpasa (Date:
October 19, 2020, No: 83045809-604.01.02)

Informed Consent: Written informed consent was obtained from all par-
ticipants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — A.EO., TK., RK., T.T.; Design — A.EO.,
TK., RK., T.T; Supervision — R.K., T.T.; Funding — T.T.; Materials — A.EO;
Data Collection and/or Processing — A.EO.; Analysis and/or Interpretation —
AFEO., TK., RK., T.T; Literature Review — A.EO., R K., T.T.; Writing - A.FO.,
R.K., T.T; Critical Review — A.FO., TK., RK., T.T.

Declaration of Interests: The authors declare that they have no competing
interest.

Funding: The authors declared that this study has received no financial
support.

247



Preoperative Inflammatory Parameters in Meningiomas

References

1.

248

Ostrom QT, Gittleman H, Xu J, et al. CBTRUS statistical report:
primary brain and other central nervous system tumors diagnosed in
the United States in 2009-2013. Neuro Oncol. 2016;18(suppl_5):
v1-v75. [CrossRef]

Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health
Organization Classification of Tumors of the central nervous system:
a summary. Acta Neuropathol. 2016;131(6):803-820. [CrossRef]
Durand A, Labrousse F Jouvet A, et al. WHO grade Il and Il men-
ingiomas: a study of prognostic factors. /| Neurooncol. 2009;95(3):
367-375. [CrossRef]

Tang X, Wang S, An C, Du P Yang Y. Preoperative high neutrophil
-to-lymphocyte ratio is associated with high-grade bladder cancer.
Anticancer Res. 2017;37(8):4659-4663. [CrossRef]

Malietzis G, Giacometti M, Kennedy RH, Athanasiou T, Aziz O,
Jenkins JT. The emerging role of neutrophil to lymphocyte ratio in
determining colorectal cancer treatment outcomes: a systematic
review and meta-analysis. Ann Surg Oncol. 2014;21(12):3938-3946.
[CrossRef]

Zheng SH, Huang JL, Chen M, Wang BL, Ou QS. Diagnostic value
of preoperative inflammatory markers in patients with glioma: a mul-
ticenter cohort study. / Neurosurg. 2017;3:1-10.

Kemerdere R, Akgun MY, Toklu S, Alizada O, Tanriverdi T. Preopera-
tive systemic inflammatory markers in low- and high-grade gliomas:
a retrospective analysis of 171 patients. Heliyon. 2019;5(5):e01681.
[CrossRef]

Karimi S, Vyas MV, Gonen L, et al. Prognostic significance of pre-
operative neutrophilia on recurrence-free survival in meningioma.
Neuro Oncol. 2017;19(11):1503-1510. [CrossRef]

Kemerdere R, Akgun MY, Toklu S, Alizada O, Baran O, Tanriverdi T.
Diagnostic value of preoperative systemic inflammatory markers in
patients with intracranial meningiomas. Rom Neurosurg. 2018;4:
613-621.

Lin M, Hu T, Yan L, Xiao D, Zhao H, Yan P Can systemic inflam-
matory markers be used to predict the pathological grade of menin-
gioma before surgery? World Neurosurg. 2019;127:€677-e684.
[CrossRef]

Liang RE Li M, Li JH, Zuo MR, Yang Y, Liu YH. The significance
of preoperative hematological inflammatory markers in patients with
meningiomas. Clin Neurol Neurosurg. 2019;182:1-4. [CrossRef]

. Chen X, Wang G, Zhang J, et al. A novel scoring system based on

preoperative routine blood test in predicting prognosis of atypical
meningioma. Front Oncol. 2020;10:1-13.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation.
Cell. 2011;144(5):646-674. [CrossRef]

. Grivennikov SlI, Greten FR, Karin M. Immunity, inflammation and

cancer. Cell. 2010;140(6):883-899. [CrossRef]
Del Prete A, Allavena P Santoro G, Fumarulo R, Corsi MM,
Mantovani A. Molecular pathways in cancer-related inflammation.
Biochem Res. 2011;21(3):264-275. [CrossRef]

. Gregory AD, Houghton AM. Tumor-associated neutrophils: new

target for cancer therapy. Cancer Res. 2011;71(7):2411-2416.
[CrossRef]


https://doi.org/10.1093/neuonc/now207
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s11060-009-9934-0
https://doi.org/10.21873/anticanres.11869
https://doi.org/10.1245/s10434-014-3815-2
https://doi.org/10.1016/j.heliyon.2019.e01681
https://doi.org/10.1093/neuonc/nox089
https://doi.org/10.1016/j.wneu.2019.03.241
https://doi.org/10.1016/j.clineuro.2019.04.020
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.11613/bm.2011.036
https://doi.org/10.1158/0008-5472.CAN-10-2583

