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Objective: To explore whether the neutrophil-to-lymphocyte ratio (NLR) and its changes
are related to tumor recurrence in grade II-IV glioma patients.

Methods: One hundred patients who underwent two surgeries (first for diagnosis and
the second for recurrence) were retrospectively analyzed. Complete blood count was
obtained preoperatively before any treatment. Basic NLR (before the first surgery) and
NLR changes were calculated. Tumor recurrence was evaluated by progression-free survival
(PFS) using the Kaplan—-Meier method. Univariate and multivariate Cox regression analyses
were used to determine the potential prognostic factors for PFS.

Results: The PFS of patients with high basic NLR (>4) (median 9 months) was shorter than
that of patients with low basic NLR (<4) (median 23 months) (P = 0.004). Univariate and
multivariate analyses both showed that basic NLR (before the first surgery) (>4 vs <4) was
an independent predictor of PFS (P = 0.011). The PFS is also varied with NLR changes
before two surgeries (P < 0.05). The PFS of patients with two low NLR (<4) at both initial
surgical resection and section for tumor recurrence had the longest PSF. The patients with
two high NLR (>4) at both initial surgical resection and section for tumor recurrence had the
shortest PSF. The patients with one high NLR (>4) at initial surgical resection or section for
tumor recurrence had an average PSF. Multivariate analysis showed that the change of NLR
was of prognostic significance independent of glioma grade.

Conclusion: We showed both basic NLR and NLR changes could predict the recurrence of
glioma, but the change of NLR is more accurate than that of basic NLR. The current research
not only provides a simple and feasible method for clinical judgment of glioma recurrence
but also provides a new idea for exploring the mechanism of glioma recurrence.
Keywords: neutrophil-to-lymphocyte ratio, glioma, prognosis, recurrence, PFS

Introduction
Glioma is one of the most common malignant brain tumors in adults.' It is usually
classified into I to IV grades depending on its severity based on features of cellular
atypia, cell proliferation, angiogenesis, and necrosis.” Despite receiving all kinds of
treatments (surgery, radiotherapy, chemotherapy), the prognosis of patients with
glioma remains poor. Almost all glioma will eventually relapse. It will be of
practical clinical significance to search for the prognostic factors of glioma.
Nowadays, the neutrophil-to-lymphocyte ratio (NLR) in peripheral blood,
a marker reflecting the innate immune system, showed the prognostic value in
glioma. Some studies showed that patients with high NLR in glioblastoma (grade
IV) have a short survival time.>* Although these studies have suggested that NLR
can predict the prognosis of glioma patients, there are still several problems to be
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further investigated: (1) the significance of NLR in all
gliomas (not limited in grade IV)? (2) the relationship
between NLR and recurrence? (3) whether NLR changes
at the time of recurrence? To solve these problems, we
have carried out the following research.

Methods

Patients

We reviewed the electronic medical records of patients
with histopathology diagnosed glioma based on the 2007
World Health Organization (WHO) criteria in the first
affiliated hospital of china medical university between
January 2011 and December 2018. Those patients who
meet the following criteria were included in this study:
(1) underwent two surgeries. (2) the first surgery for
pathological diagnosis and the second surgery for the
first recurrence of the tumor. (3) NLR could be obtained
before each surgery; (3) without underlying factors (dia-
betes mellitus, metabolic syndrome, heart disease, hyper-
tension, severe hepatic or renal dysfunction, inflammatory
diseases, previous history of infection within three months
and any medication usage related to inflammatory condi-
tions) that could significantly affect NLR.*

Data Collection

The following data were collected from medical records:
sex, age at diagnosed, ECOG PS, and tumor grade. All
patients underwent routine blood testing (complete blood
count was obtained preoperatively before any treatment
(eg, steroids)) using an automated complete blood count
analyzer (Sysmex XE-2100, Sysmex, Kobe, Japan) as
previously described.* The NLR was defined by dividing
neutrophil count by lymphocyte count. Since two NLRs
(before the first and second surgery) are involved in this
study, for the sake of distinguishing, NLR in the follow-
ing articles refers to basic NLR (before the first surgery)
unless otherwise specified. This study was approved by
the institutional review board of the first affiliated hos-
pital of china medical university and each glioma patient
signed an informed consent to authorize their clinical
data to be used in future studies. This study was in
compliance with the Declaration of Helsinki.

Statistical Analysis

Continuous variables are presented as mean + standard
deviation, and categorical variables are presented as fre-
quencies and percentages. The chi-square or ANOVA

tests were used to determining statistical significance.
Spearman correlation was used to examine the associa-
tion between different groups. Tumor recurrence was
evaluated by progression-free survival (PFS). PFS was
defined as the interval from histopathology diagnosis at
the first surgery until recurrence received the second
surgery. The comparison of PFS among different groups
was based on the Kaplan—-Meier method and the Log
rank test. Univariate and multivariate Cox regression
analyses were used to determine the potential prognostic
factors for PFS. All analyses were performed using SPSS
13.0 (SPSS Ins., Chicago, IL, USA). A P-value <0.05
(two-tailed) was considered statistically significant.

Results

The present study finally included 100 glioma patients who
met the screening criteria. Clinical data of these patients are
summarized in Table 1. Fifty-two (52%) patients were male,
and 48 (48%) patients were female. Eighty-two (82%) patients
were under 60, and 18 (18%) patients were over 60 years old.
The ECOG PS was 0-1 in 80 (80%) patients and 2—4 in 20
(20%) patients. According to the WHO classification system,
33 (33%) patients had grade II glioma, 27 (27%) patients had
grade I1I gliomas, and 40 (40%) patients had grade IV glioma.
For all patients, the median PFS was 17 months (95% con-
fidence interval (CI) 12.101-21.899 months). The median PFS
for glioma patients with II, III, and IV grades was 38, 15, and
12 months, respectively (P < 0.001).

In the present study, the mean neutrophil and lympho-
cyte counts before the first surgery were 4.906 + 0.269
x 10°/L (range, 1.400-15.240 x 10°/L) and 1.894 + 0.066
x 10%/L (range, 0.440-3.950 x 10°/L). The mean NLR was
3.165 £ 0.365 (median, 2.199; range, 0.780-34.200).
A total of 76 patients (76%) had NLR <4 and 24 patients
(24%) had NLR >4. As shown in Table 1, the NLR did not
vary significantly with sex, age, and ECOG PS. But NLR
varied in different grades of glioma. The percentage of
patients with low NLR (<4) for II, III, and IV grades was
97%, 74.1%, and 60%, respectively. The percentage of
patients with high NLR (>4) for II, III, and IV grades
was 3%, 25.9%, and 40%, respectively. The NLR was
significantly positively correlated with grades (P <
0.001). Spearman correlation coefficient was 0.365.

Next, we examined the survival function of NLR in
glioma patients. As shown in Table 2 and Figure 1, the
PFS of patients with high NLR (>4) (median 9 months,
95% CI 7.817-10.183 months) was shorter than that of
patients with low NLR (<4) (median 23 months, 95% CI
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Table | Clinical Characteristics According to Basic NLR in 100 Glioma Patients
Clinical Feature Basic NLR P
All Cases <4 >4
No. % No. % No. %
Total No. of patients 100 100 76 76 24 24
Sex 0.488
Male 52 52.0 41 788 I 21.2
Female 48 48.0 35 729 13 27.1
Age, years 0.306
<60 82 82.0 64 78.0 18 22.0
>60 18 18.0 12 66.7 6 333
ECOG PS 0.907
0-1 80 80.0 6l 76.2 19 238
24 20 20.0 15 75.0 5 25.0
Grade Il 33 33.0 32 97.0 | 3.0 0.001
1] 27 27.0 20 74.1 7 25.9
v 40 40.0 24 60.0 16 40.0

Notes: The differences between patients with basic NLR <4 and 24 were compared. P-value was calculated using the chi-square test.

Abbreviation: NLR, neutrophil-to-lymphocyte ratio.

13.389-32.611 months) (P = 0.004). Univariate and multi-
variate analyses both showed that NLR was an indepen-
dent predictor of PFS (multivariate hazard ratio (HR) =
1.855, 95% CI 1.155-2.979, P = 0.011, Table 3).

We further examined the influence of changes in NLR
during two surgeries on PFS (Table 4 and Figure 2). We
found that the PFS is also varied with different NLR
changes before two surgeries (P < 0.05). In patients with
grade II-1V gliomas, those with two low NLR (<4) at both
initial surgical resection and section for tumor recurrence
had the longest PSF (median 24 months, 95% CI 14.000—
34.000 months). The patients with two high NLR (>4) at
both initial surgical resection and section for tumor recur-
rence had the shortest PSF (median 7 months 95% CI
4.737-9.263 months). The patients with one high NLR
(>4) at initial surgical resection or section for tumor recur-
rence had an average PSF (median 14 months, 95% CI
9.135-18.865 months). In patients with grade III-IV glio-
mas, those with two low NLR (<4) at both initial surgical

Table 2 The PFS Stratified by Basic NLR Levels

Basic NLR | No. PFS (Months) | 95% CI P
<4 76 23 13.389-32.611 0.004
24 24 9 7.817-10.183

Abbreviations: Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PFS,
progression-free survival.

resection and section for tumor recurrence had the longest
PSF (median 15 months, 95% CI 11.636—18.364 months).
The patients with two high NLR (>4) at both initial surgi-
cal resection and section for tumor recurrence had the
shortest PSF (median 7 months 95% CI 4.737-9.263
months). The patients with one high NLR (>4) at initial
surgical resection or section for tumor recurrence had an
average PSF (median 11 months, 95% CI 7.936-14.064
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Figure | Kaplan—Meier survival curves stratified by basic NLR levels.
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Table 3 Univariate and Multivariate Analyses of Factors Affecting PSF in 100 Glioma Patients
Variable Univariate Multivariate
HR 95% CI P HR 95% CI P
Sex (female vs male) 1.166 0.781-1.741 0.452
Age (>60 vs <60) 3.506 2.028-6.064 <0.001 2.827 1.560-5.121 0.001
ECOG PS (2—4 vs 0-1) 2.492 1.486—4.180 0.001 1.872 1.063-3.295 0.030
Bacic NLR (24 vs <4) 1.948 1.218-3.115 0.005 1.855 1.155-2.979 0.011
Grade (IV vs Ill vs 1) 1.839 1.423-2.376 <0.001
Abbreviations: Cl, confidence interval; HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival.
Table 4 The PFS Stratified by NLR Changes
NLR Changes Grade II-IV Grade IlI-IV
No. PFS (m) 95% CI P No. PFS (m) 95% CI P
Both <4 63 24 14.000-34.000 <0.001 33 15 11.636—18.364 0.022
Once 24 25 14 9.135-18.865 22 I 7.936—-14.064
Both >4 12 7 4.737-9.263 12 7 4.737-9.263

Note: NLR changes mean the NLR before two surgeries (first surgery for pathological diagnosis and the second surgery for the first recurrence of the tumor).
Abbreviations: Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival.

both
showed that the NLR change was an independent predictor
of PFS (multivariate hazard ratio (HR) = 1.501, 95% CI
1.060-2.125, P = 0.022, Table 5).

months). Univariate and multivariate analyses

Discussion
With recent advances in cancer research, inflammation has
been identified to be a hallmark of cancer.’ The critical

role of inflammation components became a well-
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established concept in glioma.®” Infiltrative inflammation
cells, including neutrophils and lymphocytes, which could
promote or suppress tumor progression, played a critical
role in the glioma microenvironment.* "' NLR, a marker
reflecting inflammation, has attracted more and more
attention in glioma research because of its easy access.
Although many scholars have studied NLR and glioma
before, most of them focus on glioblastoma, and the main
finding is the effect of NLR on overall survival (OS). The

L‘ 1 Both <4
—7710nce >=4
H Both >=4

L ’ P =0.022

0.8

=4
=1
|

Probability
—

i

0.2 1
0.0
T T T T T
0 20 40 60 80
B Progression-free survival (months)

Figure 2 Kaplan—Meier survival curves stratified by NLR changes. (A) II-IV grades. (B) IlI-IV grades. NLR changes mean the NLR before two surgeries (first surgery for

pathological diagnosis and the second surgery for the first recurrence of the tumor).
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Table 5 Univariate and Multivariate Analyses of Factors Affecting PSF in 67 Patients with Grade IlI-IV Glioma
Variable Univariate Multivariate
HR 95% ClI P HR 95% ClI P
Sex (female vs male) 1.052 0.646—1.712 0.839
Age (>60 vs <60) 2.890 1.535-5.438 0.001 2.263 1.080—4.743 0.030
ECOG PS (24 vs 0-1) 2.032 1.117-3.696 0.020 1.491 0.748-2.973 0.256
NLR changes* 1.444 1.026-2.032 0.035 1.501 1.060-2.125 0.022
Grade (IV vs lll) 1.888 1.112-3.205 0.019 1.514 0.859-2.670 0.151
Treatment®* 0.800 0.424-1.509 0.490

Notes: NLR changes* (both 24 vs once 24 vs both <4). Treatment™ (chemoradiotherapy vs observation).
Abbreviations: Cl, confidence interval; HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival.

impact of NLR on local recurrence in all gliomas is not
clear.

Because most of the previous studies about NLR were
limited to glioblastoma (grade 1V), to increase the repre-
sentativeness of cases, this study included multiple levels
(II-1V) of glioma patients. In the current study, we found
that the proportion of high NLR (>4) increased with the
grade of glioma, and there was a positive correlation
between NLR and glioma grades. Our finding is consistent
with the results of other studies.'>'* Some researchers
found that with the increase of glioma grade, the infiltra-
tion of granulocytes increases, and the two are positively
correlated.'? Also, the infiltration of granulocytes and
lymphocytes in local tumor inflammation was related to
NLR, which represents systemic inflammation."* Our
study further confirmed the correlation between local
inflammation and systemic inflammation in glioma.

Previous studies suggest that NLR is related to the
prognosis of patients with glioma. Han et al analyzed
217 cases of glioblastoma and found that high NLR (>4
vs <4) could predict poor OS (mean, 10.6 vs 17.9 months,
P <0.001).* Bambury et al found similar results in another
study, which included 137 patients of glioblastoma. In
their cohort patients with NLR > 4 had a worse median
OS at 7.5 months versus 11.2 months in patients with NLR
< 4 (hazard ratio 1.6, 95% CI 1.00-2.52, P = 0.048).’
Although these studies show that NLR can affect the
survival of patients, the relationship between NLR and
glioma recurrence, especially at all grades (not limited to
grade IV), is still unclear. The current study confirmed the
correlation between them. We found that basic NLR
(before the first surgery) was an independent prognostic
factor for tumor recurrence. The PES of patients with basic
NLR greater than 4 was shorter than that of patients with
basic NLR less than 4 (median, 9 vs 23 months, P =

0.004). These results suggest that basic NLR can predict
the recurrence of glioma.

Since previous studies only used single NLR, basic
NLR (before the first surgery), it is not known whether
NLR changes when gliomas recur. Therefore, we com-
pared the NLR before the first surgery (diagnosis) and
the second surgery (recurrence). We found that the
changes in NLR were different when gliomas recur, and
these changes were closely related to the relapse time. The
details are as follows: (1) If the NLR is less than 4 before
diagnosis and at the time of recurrence, then the recurrence
interval of these patients is the longest. (2) On the con-
trary, if the NLR is greater than four before diagnosis. At
the time of recurrence, the recurrence interval of these
patients is the shortest. (3) There are two kinds of cases
in patients with average relapse time. In group A, the
initial NLR is less than 4, and the NLR increases to
more than 4 when relapse occurs. The most interesting is
the other group B, the initial NLR is more than 4, but the
NLR decreases to less than 4 when relapse occurs.
Although NLR fell at the time of recurrence in group B,
patients in group B and group A had similar recurrence
time (details not shown).

In the current study, we investigated the relationship
between NLR and glioma recurrence. We found that
patients with different basic NLR had different relapse
times. Since NLR is related to glioma grade, glioma
grade is not included in multivariate analysis to avoid
statistical error. To further verify the relationship between
NLR and glioma recurrence, we analyzed the data in
detail. We were surprised to find that NLR changed during
glioma recurrence, and the change of NLR was closely
related to PFS. Because only one patient with grade II
glioma had a NLR greater than 4, and there were differ-
ences in treatment methods between grade II and grade
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M-IV gliomas, so grade II glioma was not included in
univariate and multivariate analysis. Multivariate analysis
showed that the change of NLR was of prognostic signifi-
cance independent of glioma grade. Since grade II-IV
gliomas are included in the current study, we conducted
the relevant analysis in order to exclude the influence of
different treatments (radiotherapy, temozolomide, etc.) on
NLR changes due to different tumor grades. As shown in
Table S1, we found that there was no difference in all
conditions leading to NLR changes in grade II-IV glio-
mas. These results suggest that the change of NLR in
recurrent gliomas may not be related to the treatment or
drug use. In conclusion, both basic NLR and NLR changes
can predict the recurrence of glioma, but the change of
NLR is more accurate than that of basic NLR.

Of course, there are inevitable limitations in this study.
First of all, this is a single-center retrospective study with
a small number of cases and a certain selection bias. We
only included patients with recurrence who underwent
the second operation and did not score all patients with
recurrence. We did not find NLR and its changes asso-
ciated with OS, possibly due to the selected patients
(results not shown). Secondly, the current study has not
obtained data on IDH1 or MGMT status, so the relation-
ship between NLR and them could not be analyzed. The
relevant data will be further improved in the follow-up
study to make the specific statistical analysis based on the
molecular characteristics of glioma. Finally, although we
found the relationship between NLR and the recurrence of
gliomas, the exact mechanism remains unclear. As
a marker reflecting the innate immune system, how NLR
affects glioma recurrence remains to be explored.

Conclusions

We showed both basic NLR and NLR changes could predict
the recurrence of glioma, but the change of NLR is more
accurate than that of basic NLR. The current research not
only provides a simple and feasible method for clinical
judgment of glioma recurrence but also provides a new
idea for exploring the mechanism of glioma recurrence.
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