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Abstract

Background and objectives: Tumors are associated with the increased inflammatory burden and neutrophil-to-lymphocyte
ratio (NLR) is also associated with inflammatory conditions. However, there is no review on the role of NLR in meningioma.
The goal of this study was to see if NLR has any prognostic and diagnostic value in meningioma.

Methods: The search was conducted on PubMed, Scopus, and Web of Science up to 3 August 2023. A total of 23 studies were
included in the systematic review, of which 13 were included in the meta-analysis.

Results: Patients with high-grade meningioma had higher levels of NLR compared to those with low-grade meningioma
(standardized mean difference [SMD] = 0.72, 95% confidence interval [CI]: 0.21-1.23, p = 0.006)]. In addition, there was no dif-
ference between NLR levels of patients with meningioma and those with gliomas (SMD, —0.19, 95% CI: -0.47-0.10, p = 0.20).
Also, higher levels of NLR were found in patients with meningioma compared with healthy controls (SMD = 0.56, 95% CI:
0.24-0.88, p = 0.01). An NLR > 2.4 differentiated high-grade and low-grade meningioma, an NLR > 2.74 differentiated high and
low progression-free survival groups, and an NLR > 2.59 was associated with recurrence, with high sensitivity and specificity.
However, the NLR did not predict postoperative pneumonia following meningioma resection. Because of the contradiction,
our study did not clearly demonstrate the difference in NLR levels in meningioma and other pathologies.

Conclusions: NLR has significant diagnostic and prognostic value in meningioma. In addition, it has significant predictive poten-
tial for the progression and recurrence of meningioma. Thus, NLR may guide clinical decision making as an inflammatory marker.

Introduction

Meningioma, which arises from arachnoid cells, is the most prevalent cerebral tumor, accounting for nearly one-third of such malignancies.!
According to the World Health Organization (WHO) classifica-
tion, meningiomas are grade I, 11 (atypical), or III (anaplastic).?
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Cancer biology is currently changing from focusing on cancer cells
to a more holistic view that places cancer cells inside a complex
of stromal cells, such as fibroblasts, vascular cells, and inflamma-
tory immune cells that create the tumor microenvironment.® The
inflammation-causing agent may promote chronic stimulation of
cellular turnover and local mutagenic consequences, and increased
formation of reactive oxygen species, which are either a side prod-
uct of regionally enhanced metabolism or are created, may be able
to account for this for the carcinogenic potential of inflamma-
tion.” Some sensitive biomarkers can be collected before therapy,
which could be innovative and practical for patients to develop a
therapy approach and estimate prognosis. Inflammatory markers
include C-reactive protein, neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio, absolute neutrophil count, and total
monocyte count.®? Other biomarkers are also currently being used
in meningiomas such as circulating tumor biomarkers, DNA meth-
ylation markers, and proteomic markers. These indicators can as-
sist in identifying special protein and molecular-level pathways,
classifying meningiomas into different subtypes, and developing
real-time clinical biomarkers.!%-12

Neutrophils are inflammatory cells that secrete a variety of
chemical mediators, including elastase and matrix metallopro-
teinase enzymes, along with growth factors. These mediators
are well known for encouraging tumor growth and progression
by developing a tumor microenvironment. Moreover, since the
immune response to cancer is dependent on lymphocytes, a low
number of tumor-infiltrating lymphocytes is a poor prognostic
indicator. NLR status could indicate the imbalance between pro-
tumor and antitumor immunological status, which could explain
why patients with greater NLRs have a worse prognosis in various
cancers.'?

As a novel inflammatory marker, NLR has been introduced as
a reliable diagnostic and prognostic predictor in various condi-
tions such as thyroid conditions, type 2 diabetes mellitus,' irrita-
ble bowel disease,'> COVID-19 infection,!® inflammatory bowel
disease,!” and Hashimoto’s disease.'® Tumors are associated with
an increased inflammatory burden, and NLR is associated with
inflammatory conditions such as thyroid disorders,!??" gastroin-
testinal conditions,?! irritable bowel disease,'S COVID-19 infec-
tion,'® diabetes mellitus,?? cardiac conditions,?® and thyroiditis.!®
All these conditions are associated with increased inflammatory
burden as meningioma is. So, we decided to study NLR in men-
ingioma.

NLR may guide the clinical decision making process as an in-
flammatory marker because of its relationship to therapeutic ef-
ficacy. As a result, the goal of this study was to see whether NLR
had value in predicting meningioma. It is the first systematic re-
view and meta-analysis that we are aware of that looked into the
relationship between higher pretreatment NLR and the pathogen-
esis, differential diagnosis, staging, and predicting survival and
outcome of this cancer.

Material and methods

This study followed the preferred reporting items for systematic
reviews and meta-analysis guidelines for reporting systematic re-
views and meta-analysis.

Search strategy and study selection

We searched three databases until 3 August, 202, PubMed, Web of
Science, and Scopus. The search strategy included “(meningioma)
AND ((neutrophil-lymphocyte ratio) OR NLR OR (neutrophil-
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lymphocyte ratio))”. To avoid missing related articles, we checked
the references of the relevant papers. After eliminating the dupli-
cates, the titles and abstracts of the available articles were evalu-
ated by two authors. Following that, they independently evaluated
the entire content of potentially relevant papers.

Inclusion and exclusion criteria

The strategy of collecting articles is shown in Figure 1. The re-
quirements for inclusion were: (1) observational study; (2) Study
of the relationship between NLR level in the blood and the prog-
nosis or diagnosis of meningioma; and (3) Available full text. The
exclusion criteria were: (1) Animal or cell study; (2) Literature or
systematic review; (3) Case or series report; (4) Duplicate paper;
(5) Lack of data even after contacting the authors.

Data extraction and quality assessment

The first author’s name, publication year, the country in which the
study was performed, number of participants, NLR value, end-
point measure, clinical features, and details required to evaluate
the quality of each study, were independently reviewed by two
authors using a data extraction form prepared beforehand. Consul-
tation with a second reviewer was done to resolve disagreements
that arose during the research selection and data extraction pro-
cess. The Newcastle—Ottawa scale was also used to evaluate the
quality of the included studies.

Meta-analysis

If there were enough studies available in the specific context (at least
three studies), we conducted a meta-analysis. We used the combined
SMD along with the 95% confidence interval (CI) to analyze the re-
lationship between the NLR and meningioma. To gauge the hetero-
geneity between studies, we used the I statistic and the chi-square
test. A p-value < 0.10 in the chi-square test or an 2 > 50% indicated
significant statistical heterogeneity. Owing to the observed heteroge-
neity among the included studies, we used a random-effects model
(DerSimonian-Laird) to calculate the combined effect sizes and their
corresponding 95% Cls. All analyses were two-sided, and a p-value
of <0.05 was considered statistically significant. We performed all
statistical procedures with Stata 17 software (Stata Corporation LP,
College Station, TX, USA).

Results

Selection and characteristics of studies

A total of 343 studies were found while searching the literature. Ow-
ing to duplications, 14 studies were deleted after assessment and 228
were eliminated after analyzing the titles and abstracts. After a full
text examination, 29 papers were eliminated: 15 studies had no data
on the NLR, nine had irrelevant populations, and five were review
articles. The remaining 23 studies with 6614 patients were consid-
ered for the systematic review and 13 were included in the meta-
analysis.*#6 General characteristics of the included studies are
shown in Tables 1 and 2. Table 3 shows the quality scores of studies
and Table 4 shows the cutoff values reported in the studies.246

NLR and outcomes in meningioma

The efficacy of NLR in estimating patient outcomes, including pro-
gression-free survival (PFS) and tumor recurrence, was explored
in five studies.?*?% In a retrospective analysis in 2020, Kuranari
et al. investigated the predictive importance of preoperative NLR
in 160 meningioma patients in Japan.?* According to the receiver
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Fig. 1. Flow chart of the literature search and study selection. NLR, neutrophil-to-lymphocyte ratio.

operating characteristic (ROC) curve, the NLR cutoff value was
2.6 as a predictor of tumor recurrence, with an area under the curve
(AUC) of 0.55, a sensitivity of 34.1%, and a specificity of 81.9%.
Multivariate analysis found that an NLR of 2.6 or higher was an in-
dependent predictor of shorter PFS in meningioma patients, with a
hazard ratio of 2.29 (95% CI: 1.13-4.64, p = 0.022). In a subgroup
analysis, patients were categorized by tumor condition (primary
vs. recurrent), WHO grade (grade I vs. grades 11 and I1I), the extent
of resection (total gross removal vs. subtotal removal), tumor loca-
tion (skull base or not skull base), and having peritumoral brain
edema. In a category of patients with primary meningioma, gross
removal, skull base, and the one without peritumoral brain edema,
a preoperative NLR of 2.6 and above was significantly related to
a shorter PFS (p = 0.029, 0.004, 0.013, and 0.034, respectively).
Only a preoperative NLR of 2.6 or higher was associated with
shorter PFS in grade I meningioma patients (AUC = 0.57, sensitiv-

104

ity = 35.48%, specificity = 81.37%, and p = 0.003). In contrast, an
NLR > 2.6 was not significantly related to shorter PFS in a subset
of recurrent meningioma (AUC = 0.55, sensitivity = 46.15%, spec-
ificity = 71.43%, and p = 0.32). Furthermore, in the immunohisto-
chemical analysis, increased peripheral NLR was not linked to in-
flammatory markers inside the tumor, such as neutrophils, CD8+,
CD4+, or CD163+ cells. However, more CD4+ and CD163+ cells
were seen in recurrent than in primary meningiomas.

In 2020, Chen et al. described a unique grading model for estimat-
ing the prognosis of atypical Meningioma (AM) in China.?s It was
based on regular preoperative blood tests of 268 patients. The NLR
level in patients with a PFS of <3 years was significantly higher
than in those with a PFS > 3 years (3.24 + 1.39 vs. 2.29 + 1.75, p
=0.001). Similarly, the plasma fibrinogen level in patients with a
PFS of <3 years was significantly higher than that in those with a
PFS >3 years (3.61 + 1.16 vs. 2.73 £ 0.65, p < 0.001). According
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Table 2. Characteristics of studies included in the meta-analysis
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First author
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48
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3.12+0.74
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13

1.83+£0.49

3.42+3.62 35

61

2018

Kamardere??
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Liang34
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Lin36
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Kashani3?
Liu3?

73 2.50+1.22
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1.74 +1.68
2.10+2.96

49
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293+1.71
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2.48+2.90
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271
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8.30+16.54
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Manjunath3?
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NLR, neutrophil-to-lymphocyte ratio.
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to the ROC curve analysis for predicting 3-year PFS, the fibrino-
gen cutoff level and the NLR were 2.95 g/L (AUC = 0.786, 95%
CI: 0.715-0.846, sensitivity = 77.1%, specificity = 71.1%) and
2.74 (AUC = 0.743, 95% CI = 0.669-0.808, sensitivity = 87.3%,
specificity = 73.3%), respectively. The AUC of the NLR outper-
formed the neutrophil count (z=3.153, p =0.002) and lymphocyte
count (z =2.138, p = 0.033) in terms of predictive capability. Af-
ter controlling for confounders in the multivariate analysis, NLR
(OR =0.77, 95% CI: 0.62-0.99, p = 0.025) and plasma fibrinogen
level (OR = 0.27, 95% CI = 0.15-0.48, p < 0.001) were found to
be independent predictors of 3-year PSF. According to this study,
the fibrinogen-NLR (F-NLR) score method may also help estimate
the prognosis of patients with AM. Based on the cutoff value, the
F-NLR grades were categorized as 0 (neither hyperfibrinogenemia
nor high NLR), 1 (hyperfibrinogenemia (fibrinogen-lymphocyte
ratio >2.95), or high NLR (>2.74), or 2 (both hyperfibrinogenemia
and high NLR). This grading model had an AUC of 0.824 (95%
CI: 0.738-0.891, sensitivity = 62.5%, specificity = 87.9%), which
was higher than those of NLR and fibrinogen level, only (0.630
[95% CI: 0.530-0.722) and 0.722 (95% CI: 0.627-0.805), respec-
tively]. This result was confirmed by DeLong’s test, where the
AUC of the F-NLR grading model was significantly higher than
those of the fibrinogen level and NLR (z = 2.462, p = 0.014; z =
4.075, p <0.001, respectively).

Again, in 2021 Chen et al. conducted a retrospective study in
China in 183 patients in training (n = 128) and external validation
(n = 55) cohorts to find a comprehensive model to estimate post-
operative recurrence in AM patients.?® The NLR was 2.00 (1.53—
3.04), 1.95 (1.52-2.74) in the training cohort and 2.61 (1.55-3.31)
in the validation cohort (p = 0.073). ROC curve analysis found the
optimal cutoff value of NLR for predicting tumor recurrence in
the training cohort group was 2.59, with an AUC of 0.638 (95%
CI: 0.549-0.72, sensitivity = 59.26%, specificity = 75.25%, and
p = 0.026). The univariable analysis found that an NLR of >2.59
was associated with AM recurrence, with an HR of 3.62 (95% CI:
1.67-7.82), and p = 0.001.2°

In another study in 2021 in China, Gao et al. used the clinical data
of 274 patients with primary grade Il meningioma to make a clinical
predictive model relying on preoperative hematological and clinical
parameters.?” According to the ROC analysis, 1.79 was the best cut-
off value for NLR to predict patient PFS. When the hematological
parameters were integrated into the LASSO Cox regression model,
an increased level of NLR was an independent predictor for progres-
sion (weighting coefficient: 0.833, p =0.701). This study concluded
that the postoperative development of grade II meningioma is linked
to preoperative hematological markers like NLR.27 Also in 2021,
Yuksel et al. performed a retrospective study in Turkey in 23 patients
with grade 1 meningioma to see if regular blood indicators could
be used to predict prognosis in these patients.?® This study did not
recognize NLR as a predictor of short-term prognosis (p > 0.05).28
However in general, the data suggests that the NLR has significant
predictive potential for the progression and recurrence of meningi-
oma. The predictive potential increases when combined with other
diagnostic tools such as the fibrinogen level.

Differences in NLR levels in meningioma patients and healthy
controls

Four studies compared the NLR levels of patients with meningi-
oma with healthy controls.?-33

The number of studies was sufficient to conduct a meta-analy-
sis. In the meta-analysis, it was found that patients with meningi-
oma had higher levels of NLR than healthy controls (SMD = 0.56,
95% CI: 0.24-0.88, p = 0.01). A random-effects model was used
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Table 3. Quality assessment of included studies using the NOS questionnaire

Is the case Repre-. Selec- Defini- (el 1 O Ascertain- LU met.hod Nonre- _.
. . sentative- . ! cases and controls of ascertain- Final
First author definition tionof  tion of ment of sponse
ness of based on the ment for cases score
adequate? controls controls . . exposure rate
the cases design or analysis and controls

Kuranari?* . . _ . oo . . . 8
Chen2s . . _ . oo . ° . 8
Chen26 . . _ . oo . . . 8
Gao?’ . . . . . . . . 8
Yuksel?® . . _ . . . . . 7
Kemerdere?® . . _ . . . . . 7
Lia ng34 . . . . oo . . . 9
Ashwath3® 3 . _ 3 oo o o 3 8
Lin36 . . _ . oo . . . 8
Kashani3? . . _ 3 oo 3 o 3 8
Kayhan3° . . _ . . . . . 8
Liu3! . . _ . oo . . . 8
Zheng32 . . . . oo . . . 9
Sharma33 . . _ . o . . . 8
Dharmajaya®® e . _ . . . . . 7
Zuo** . . . . oo . . . 9
Chen%s . . . . . . . . 8
Deng“G . 3 _ . oo . . . 8
Silva38 ° . . _ oo ° . . 8
Manjunath3® . . . . o . o 3 8
Ozdemir?® 3 . _ 3 o o o 3 7
Teng“:l . . . . (X . . . 9
Guid ry42 . . _ . oo . . . 8

ugn “n

NOS, Newcastle-Ottawa scale. “»” indicates one score; “#¢” indicates two score; indicates zero score.

owing to the high heterogeneity between studies (2 = 74.2%, p = in this context and conducted a meta-analysis to evaluate the role
0.009) (Fig. 2). of NLR in meningioma staging.?®3*-4? In the meta-analysis, it was
found that patients with high-grade meningioma had higher lev-
els of NLR than those with low-grade meningioma (SMD = 0.72,
There are three stages of meningeal tumors. We found 10 studies 95% CI: 0.21-1.23, p = 0.006). A random-effects model was used

NLR and meningioma grade

Table 4. Cutoff values reported in included studies

First author Cutoff value Sensitivity Specificity Differentiated groups

Ashwath3? 2.4 80% 92% High-grade vs. low-grade meningioma
Chen X% 2.74 87.3% 73.3% High PFS vs. low PFS

Chen X-Y26 2.59 59.26% 75.25% Recurrence vs. nhonrecurrence group
Gao?’ 4.15 _ _ High PFS vs. low PFS

Kuranari?* 2.6 34.1% 81.9% Recurrence vs. nonrecurrence group
Lin3® 1.69 73.20% 43.83% High-grade vs. low-grade meningioma
Gao?’ 3.29 _ _ High-grade vs. low-grade meningioma
Silva3® 4.1 _ _ High RFS vs. low RFS

Sharma3? 2.15 89.7% 66.7% High-grade vs. low-grade meningioma

PFS, progression-free survival.
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Liu (2020)

Zhang (2017)

Shavma (2021)

Overall (l-squared = 74.2%, p = 0.009)

NOTE: Weights are from random effects analysis
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Fig. 2. Meta-analysis of differences in the NLR levels of meningioma patients and healthy controls. Cl, confidence interval; NLR, neutrophil-to-lymphocyte

ratio; SMD, standardized mean difference.

Study

ID

Kemardere (2018)
Liang (2019)
Ashwath (2019)
Lin (2019)
Kashani (2020)
Silva (2022)
Manjunath (2022)
Ozdemir (2022)
Teng (2023)
Guidry (2020)

Overall (l-squared = 97.2%, p = 0.000)

NOTE: Weights are from random effects analysis

— ——

——
[ —

1
1
|:
1
1
1
1
1
——
1
1
-
1
1
:
1
]
1
1
1
1
1

SMD (95% Cl)

0.92 (0.28, 1.55)

-0.24 (-0.42, -0.07)

1
1
|
1
i ——+—) 221 (154,2.88)
1
1
1
1
1
1
1

0.37 (0.15, 0.58)

0.04 (-0.41, 0.49)

0.51 (-0.04, 1.06)

——  222(1.99, 2.45)
0.58 (0.09, 1.08)

0.61(0.49, 0.73)

0.15 (-0.14, 0.44)

0.72 (0.21, 1.23)

%

Weight

9.20
10.58
9.05
10.51
9.89
9.55
10.49
9.74
10.65
10.35

100.00

T
-2.88

0

T
2.88

Fig. 3. Meta-analysis of differences in the NLRs of patients with high-grade meningioma and those with low-grade meningioma. Cl, confidence interval;

SMD, standardized mean difference.
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I
|
I
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Fig. 4. Meta-analysis of differences in the NLRs of patients with meningioma and those with gliomas. Cl, confidence interval; NLR, neutrophil-to-lympho-

cyte ratio; SMD, standardized mean difference.

owing to the high heterogeneity between studies (2 = 97.2%, p <
0.001) (Fig. 3).

Role of NLR in differentiating between meningioma and other
brain pathologies

Five studies reported the use of NLR to differentiate meningioma
from other brain pathologies.3*-3343 In 2018, Kayhan et al. con-
ducted a study in Turkey with 30 healthy controls and 140 patients
with brain pathologies, including 39 with temporal lobe epilepsy
with hippocampal sclerosis (TLE-HS), 37 with glioblastoma mul-
tiforme, 32 with meningioma (grade I), and 32 with intracranial
metastasis.3 NLR levels within patients with meningiomas were
higher than those in healthy controls (4.12 £ 2.5 vs. 1.81 £ 0.5, p
< 0.05) and in the TLE-HS group (4.81 + 4.4 vs. 1.92 £ 1.1,p =
0.001). However, there were no differences in the NLR levels in
the meningioma group, metastasis group (p > 0.05), and glioblas-
toma multiforme group (p > 0.05).3

Similarly, in another study in 2020 in China, Liu et al. assessed
the NLR in 73 patients with glioma, 20 with meningioma, and
49 healthy controls.?! The results showed higher NLRs in men-
ingioma compared with glioma and healthy controls (2.93 + 1.71
vs. 2.50 + 1.22 and 1.78 + 0.55, respectively, both p < 0.05).3! In
contrast, in a multicenter cohort study, Zheng et al. analyzed the
data of 750 patients with glioma, 271 with meningioma, 44 with
acoustic neuroma, 102 with epilepsy, and 682 healthy controls in
2017 in China.?? They found that glioma patients had higher pre-
operative NLRs (2.25 [95% CI: 0.19-22.47]) than patients with
meningioma (1.82 [95% CI: 0.71-10.14], p < 0.05), who them-
selves had higher NLRs than those with acoustic neuromas (1.60
[95% CI: 0.80-2.81], p < 0.05) and nonlesional epilepsy (1.55
[95% CI: 0.69-3.67], p < 0.05). Likewise, in 2021, Sharma et al.
investigated the predictive value of peripheral inflammatory blood
indicators such as NLR in patients of meningioma (n = 58), glioma
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(n = 154), and acoustic neuroma (n = 36) in India.’ The NLRs of
patients with meningioma were not different from those with gli-
oma (2.47 [95% CI: 0.44—-15.04], p > 0.05) and acoustic neuroma
(1.94 [95% CI: 1.75-1.9], p > 0.05). Additionally, in 2021 in In-
donesia, a case-control study was conducted by Dharmajaya et al.
in patients with brain tumors.*? A total of 35 patients were catego-
rized into three groups, meningioma (z = 15), glioma (n = 10), and
brain metastasis (n = 10). NLR levels in these three groups were
similar (p > 0.05).#3 There are enough studies for a meta-analysis
of the differences between patients with meningioma and those
with gliomas.?!-33 In the meta-analysis, it was found that there was
no difference between the NLRs of patients with meningioma and
those with gliomas (SMD = —0.19, 95% CI: —0.47 to 0.10, p =
0.20). A random-effects model was used owing to high heterogene-
ity between studies (/2 = 65.7%, p = 0.05) (Fig. 4). Because of the
inconsistency, this study could not demonstrate the exact differ-
ence in NLR levels in meningioma and other pathologies, so more
studies are recommended.

NLR and pneumonia following resection of meningioma

The relationship between NLR and postoperative pneumonia
(POP) after meningioma excision was assessed in three studies in
China.**46 In 2019, Zuo et al. conducted a study in 1156 patients
undergoing meningioma resection in which 51 developed POP.**
In this study, NLR was higher in patients with pneumonia than in
those without pneumonia (2.73 [95% CI: 2.1-4.72] vs. 2.27 [95%
CI: 1.75-3.24]). High NLRs were associated with POP in univari-
ate Cox regression (p = 0.018). In multivariate Cox regression,
NLRs between 2.5 and 5 predicted POP in cases of meningioma
after surgery (OR = 2.8, 95% CI: 1.06-4.06; p = 0.033).#* Con-
versely, in 2020, Chen ef al. after analyzing 282 patients, reported
that NLR did not predict POP within 30 days (OR =1.021, 95% CI:
0.840-1.242).%5 Similarly, in 2020, a retrospective study by Deng
et al. in 321 patients with posterior fossa meningioma who had mi-
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crosurgical removal, found that 44 developed POP.*¢ NLR levels
in patients developing POP and those without POP were not differ-
ent (2 [95% CI: 1.7-2.8] vs. 1.9 [95% CI: 1.4-2.5]; p = 0.179).46
Based on the findings of these investigations, we conclude that
NLR did not predict POP following meningioma resection.

Discussion

To understand and infer the possible mechanisms underlying NLR
as an independent predictive factor of meningioma progression,
recurrence, and higher grade, it is imperative to look into the lit-
erature on the roles of neutrophils and lymphocytes separately in
the progression of cancer. Although both protumorigenic and an-
titumorigenic effects of neutrophils on different types of tumors
have been displayed in the literature, evidence supports the posi-
tive mechanical effect of neutrophils on both the initiation and
propagation of tumor growth.*” Research has demonstrated sev-
eral possible mechanisms that may be involved at the molecular
level. One of these is the induction of angiogenesis by neutrophils.
Deryugina et al. found that neutrophils release a large amount of
promatrix metalloproteinase-9, an important angiogenesis-induc-
ing molecule, into the tumor microenvironment that helps mediate
tumor development.*® The protein Bv8 has also been implicated
as a driver in tumor angiogenesis and is largely derived from neu-
trophils.*** Immunosuppression in the tumor microenvironment
is another mechanism by which neutrophils may mediate tumor
development. This may occur by neutrophil-mediated induction of
enzymes such as arginase 1 and nitric oxide synthase to decrease
T-cell activation, and inhibit tumor growth, thereby contributing
to unchecked tumor growth.*” Upregulation of the transforming
growth factor-beta pathway has also been shown to lead to tumor
growth suppression by immunosuppression in the tumor micro-
environment.5'5? Neutrophils have also been shown to contribute
to the initiation of tumor development.5® This was most likely
because of the production of proteases, reactive oxygen species,
and reactive nitrogen species by neutrophils recruited to the tumor
microenvironment by signaling chemokines such as CXCL8.5%55
However, neutrophils have now also been widely implicated in
contributing to tumor metastasis, potentially by signaling mecha-
nisms involving cytokines such as interleukin-17 (IL17).5%57 It is
currently known that neutrophils may change into N1 anti-tumor
or N2 protumor subtypes, and that it is possible to polarize each
of these subtypes via treatments such as intratumoral injection of
different substances like pro-oxidants or bacterial products. Meta-
bolic reactions and the generation of reactive oxygen species, like
hydrogen peroxide, are activators and chemoattractants of N1 neu-
trophils, facilitating their recruitment and the subsequent activation
of a lethal respiratory burst in malignancies. A better knowledge of
the specific mechanisms of N1 neutrophil activation, regulation,
and recruitment is now required to fully leverage their antitumor
potential against malignancies both locally and distantly.
Neutrophils thus appear to play a significant and varied role in
tumor development, from initiation and progression of the primary
tumor to the development and progression of distant metastases.>®
Although some research has been done on lymphocytes in isola-
tion on tumor development, most studies in this area are in the
context of variation of lymphocyte subsets in various tumors or
the context of NLR.3-¢! Several studies have shown that tumors
typically have a higher degree of lymphocyte infiltration than nor-
mal tissue.%>%3 However, peripheral lymphocyte counts in cancer
patients have shown a wider degree of variation. This appears to
result from variation in lymphocyte count by subset in cancer pa-
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tients. For example, a study by Palazon-Carrién et al. demonstrat-
ed more plasma CD4+ and CD8+ T lymphocytes that expressed
the OX40 receptor in patients with advanced breast cancer than
in healthy controls.®* However, the healthy controls had higher
plasma levels of T-lymphocytes that expressed PD-1 protein.®* In-
terestingly, other studies have shown similar variations of the T
lymphocyte population by subtype in the tumor itself. Iurchenko
et al. reported that high-grade endometrial adenocarcinomas had
high levels of CD4+ and CD8+ T-lymphocytes and low levels of
FOXP3+ lymphocytes located within primary tumors.%® This sug-
gests a variation of lymphocyte count by subtype may be present
in both primary tumors and in the peripheral circulation in patients
with cancer. Thus, it appears that the overall increase in circulat-
ing neutrophils in the peripheral blood may be more significant
than the corresponding increase in overall lymphocyte count. This
may be the result of several of the aforementioned factors, includ-
ing a blunted overall increase in lymphocytes because of regional
variation in subtype count with a corresponding decrease in some
lymphocyte populations, compared with a significant increase in
total neutrophil count not limited by such drastic subtype varia-
tions. Thus, it would logically follow that the NLR, which meas-
ures neutrophil count relative to lymphocyte count as a peripheral
blood marker, would therefore be significantly elevated in patient
settings of tumor presence. This would include patients with men-
ingioma, as shown by the results of this study, which found the
NLR to be an independent predictive factor for meningioma de-
velopment and progression. While chronic inflammation has been
linked to various ailments, specific markers of inflammation have
been associated with cancer. For example, tumor-associated mac-
rophages, tumor-associated dendritic cells, and tumor-infiltrating
lymphocytes all participate in the tumor inflammatory microen-
vironment.® In addition, other molecular markers have also been
cited in cancer-associated inflammation, ranging from cytokines
and chemokines such as TNF, IL1, IL6, and 1L8.° Based on the
literature, the same inflammatory markers for predicting progres-
sion, recurrence, and prognosis may vary for a specific tumor and
among tumors of different origins. For example, a study of IL6, C-
reactive protein, and TNF found weak associations with increased
risk of cancer for all three markers, but further analysis revealed
that the relationship between cancer incidence and the investigat-
ed inflammatory markers may have been site specific.®’ The rel-
evance of inflammatory markers when determining prognosis for
tumors has become more established in recent years. Studies have
found that elevation of inflammatory markers, including white
blood cell count, NLR, and specifically, high-sensitivity C-reac-
tive protein and high-sensitivity inflammation-based prognostic
indices were significantly associated with worse overall survival
in those with metastatic neuroendocrine tumors.®® A comparative
study of large B-cell lymphoma treatment found that patients with
high tumor burdens had greater immune dysregulation and high
serum inflammatory markers.®® Among patients with gliomas,
pretreatment systemic immune-inflammation indices were identi-
fied by multivariate analysis as independent prognostic factors for
overall survival.”’ Measurements of platelet-to-lymphocyte ratio
in patients with advanced gastric and colorectal cancer treated with
anti-PD-1 regimens had significant value for predicting immune-
related adverse events.”! Other studies have shown the use of pro-
calcitonin levels as a marker for the prediction of glioma sever-
ity, but not among other brain tumors, including meningioma.*
The results further reiterate the potential of different inflammatory
marker relevance based on the type of tumor identified. The NLR
is a peripheral inflammatory marker that has shown potential for
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clinical use in various tumors, including meningioma, the focus of
this review. An increased NLR has proven to be a useful prognostic
factor of many diseases, including as an indicator for early detec-
tion or poststroke cognitive impairment.’?> Retrospective analysis
of NLR in thymic epithelial patients showed elevation in serum
NLR levels with associations that aided in predicting poor patient
outcomes, aggressive tumor behavior, and guided therapy choice
based upon individual patient NLR levels.”® In analyzing patients
with gliomas, multivariate analysis found pretreatment NLR to be
an independent prognostic factor for overall survival.”’ Studies
showed that an NLR > 2.4 differentiated high-grade and low-grade
meningioma, an NLR > 2.74 differentiated high PFS and low PFS
groups, and an NLR > 2.59 was associated with recurrence with
high sensitivity and specificity. For other types of cancer, there are
studies of the significance of NLR in predicting the response to
treatment and the occurrence of distant metastases in malignant tu-
mors. For instance, Wang et al. categorized NLR values, affirming
that the NLR indeed possessed predictive capabilities for antici-
pating the response to chemotherapy.’ Medina ef al. reported that
NLR could be used to track the postoperative progress of patients
with ovarian peritoneal carcinomatosis but not to identify infec-
tious complications.”> Numerous subsequent studies confirmed
that an elevated NLR prior to surgery or treatment correlated with
unfavorable surgical results, drug resistance, and decreased effica-
cies of immunotherapy and chemotherapy.”¢-7°

Elevated NLRs have been seen in both meningioma and glio-
mas, with a lack of significance attributed to extracranial influenc-
es of alternative inflammation sources.*? The specific difference in
NLR values for meningioma versus those of other brain patholo-
gies has not been fully identified, so further research in meningi-
oma is warranted moving forward. The value of the NLR as an
inflammatory marker allows clinical applicability to a wide range
of diseases, including meningioma. A recent prospective study
found an increase in NLR values with age and variation among
sex in an attempt to provide reference NLR values.®’ The precise
value regarding quantification of what an elevated NLR may mean
merits further study. Given the general increase in NLR associ-
ated with both prediction of meningioma progression and meningi-
oma grade,?*2%3437 studies specifically regarding NLR values for
meningioma are necessary for future clinical use of NLR values.
Our findings support the NLR as a promising biomarker that can
be readily integrated into clinical settings to aid in the prediction
and prevention of meningioma and its complications. In addition,
as evidenced by our results, restoring balance to the immune sys-
tem may serve as an attractive therapeutic target. Theoretically,
a reduction in NLR values could be used to measure therapeutic
efficacy, reflecting the restoration of balance within this system.

Limitations and future directions

There is one major limitation in our systematic review. Most of the
studies were retrospective. To verify these findings, further prospec-
tive research should be carried out in the future. We conducted a
systematic search of databases, and the only complication related to
meningioma was that its relationship with NLR was reported in pneu-
monia. However, more research on this topic needs to be undertaken.

Conclusions

In general, we may infer a strong link between systemic inflam-
mation assessed by NLR and meningioma based on elevated lev-
els of NLR in patients with meningioma compared with healthy
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controls. In addition, NLR has significant predictive potential for
the progression and recurrence of meningioma. This predictive
potential increases further when combined with other diagnostic
tools such as the fibrinogen level. In addition, NLR increases with
increased tumor grade, which should aid physicians in making
better decisions. The predictive potential increases even further
when combined with other diagnostic tools such as the erythrocyte
count. However, NLR did not predict POP following meningioma
resection. Because of the current contradiction, our study did not
demonstrate the exact difference in NLR levels in meningioma
and other pathologies, so more studies are recommended on this
subject.
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