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Neutrophil-to-lymphocyte ratio dynamics: @
prognostic value and potential for surveilling
glioblastoma recurrence
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Abstract

Purpose Glioblastoma (GBM) is a challenging malignancy with a poor prognosis. While the neutrophil-to-
lymphocyte ratio (NLR) is reported to correlate with the prognosis, the significance of changes in the NLR and its
prognostic value in GBM remain unclear. This study aims to evaluate changes in the NLR and its predictive value for
GBM prognosis and recurrence.

Methods The cohort included 69 newly-diagnosed GBM patients undergoing a standard treatment protocol. NLR
was assessed at multiple time points. The dynamic change in NLR (dNLR), defined as the NLR at the point of interest
(post-CCRT or post-Stupp) divided by the preoperative NLR, also was assessed. Univariate and multivariate COX
regression analyses were conducted to assess the association between the NLR, dNLR and overall survival (OS) and
progression-free survival (PFS).

Results Univariate analysis revealed that age at diagnosis > 70 (p=0.019) and post-Stupp dNLR > 1.3 (p=0.006)
were significantly associated with shorter OS. Significant correlations were found between pre-operative KPS > 60
(p=0.017), gross total resection (p=0.042), post-Stupp dNLR > 1.3 (p=0.043) and PFS. Multivariate analysis showed
age at diagnosis > 70, pre-operative KPS > 60, post-Stupp NLR>5 and dNLR > 1.3 were significantly associated with a
shorter OS. Significant correlation was found between pre-operative KPS >60 and PFS.

Conclusion This study revealed that post-Stupp NLR>5 and dNLR > 1.3 correlated significantly with a worse
glioblastoma prognosis in OS, and dNLR might be more reliable. These two parameters are potentially surveilling
markers for glioblastoma recurrence, however further studies are warranted.

Keywords Glioblastoma, Neutrophil-lymphocyte ratio, Dynamic NLR, Prognosis, Recurrence

*Correspondence: “Neuroscience Research Center, Chang Gung Memorial Hospital,
Cheng-Chi Lee 33305 Taoyuan, Taiwan

yumex86@gmail.com >School of Medicine, National Tsing Hua University, 300044 Hsinchu,
'Department of Neurosurgery, Chang Gung Memorial Hospital, 5 Fuxing Taiwan

St, Guishan Dist, 33305 Taoyuan, Taiwan ®Department of Neurosurgery, New Taipei Municipal TuCheng Hospital,
’Department of Medical Education, Chang Gung Memorial Hospital, 236017 New Taipei, Taiwan

33305 Taoyuan, Taiwan ’Division of Natural Product, Graduate Institute of Biomedical Sciences,
3Chang Gung University, 33302 Taoyuan, Taiwan Chang Gung University, 33302 Taoyuan, Taiwan

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-025-14118-8&domain=pdf&date_stamp=2025-4-16

Chung et al. BMC Cancer (2025) 25:709

Introduction

The immune system plays an important role in mod-
ern treatments for malignancies, particularly the adap-
tive immune system [1]. Patients with glioblastoma, the
most common and malignant primary brain tumor, are
assumed to be immunosuppressed. Evidence includes
decreased function of natural killer (NK) and T cells and
high peripheral release of both TGF- and prostaglandins
[2]. Despite the immunosuppressed status, these patients
are found to have elevated circulating neutrophil activ-
ity, which correlates with worse overall and progression-
free survival in several malignancies [3]. The underlying
pathophysiological mechanism remains unclear, but may
be related to neutrophilia as an inflammatory response
that inhibits the immune system by suppressing the cyto-
lytic activity of immune cells such as lymphocytes, acti-
vated T cells, and natural killer cells. One of the most
commonly accepted markers is the neutrophil-to-lym-
phocyte ratio (NLR) [4].

Several previous studies have provided valuable infor-
mation regarding the relationship between NLR and
a variety of outcomes [5-7]. Without a useful serum
marker, the detection of recurrent glioblastoma cur-
rently relies solely on magnetic resonance imaging (MRI),
which is not only expensive but also inconvenient in most
medical settings. The NLR, which is easily obtained and
inexpensive as well, has been reported to have prognos-
tic value for glioblastoma. However, most studies have
focused on the prognostic value at a given time point,
most commonly the pre-operative NLR. Therefore, this
study aims to investigate the change in the NLR to deter-
mine its value in detecting recurrent glioblastoma and
predicting outcomes.

Materials and methods

Study design, data collection, and ethics

All data and clinical information used in this retrospec-
tive cohort study were collected from medical records.
Ethical approval for this study was provided by the Insti-
tutional Review Board of Chang Gung Memorial Hos-
pital (IRB No. 104-2656B). This study was performed in
line with the principles of the Declaration of Helsinki.

Inclusion and exclusion criteria

Patients who met the following criteria were included: (1)
newly-diagnosed with glioblastoma based on the 2021
World Health Organization (WHO) criteria; (2) under-
went surgery between Oct. 2011 and Dec. 2022 in Chang
Gung Memorial Hospital; (3) underwent the standard
protocol as described below. Patients meeting the follow-
ing criteria were excluded: (1) age below 18; (2) received
additional treatment other than the Stupp protocol,
including immunotherapy, additional chemotherapy
(nitroureas), target therapy (bevacizumab), or unknown
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regimen from clinical trials for fear of their potential
influences on leukocyte distribution; (3) refused to com-
plete the protocol for reasons other than undergoing a
second operation for tumor recurrence (for instance,
intolerable side effects; patients’ or family’s decision); (4)
hemogram test not available or possibly influenced by
steroid use or infection; (5) did not receive post-op MRI
for evaluation of resection status and treatment response;
(6) loss to follow-up within 2 years after surgery.

Treatment and surveillance protocol

As per the standard treatment and surveillance for high
grade gliomas in our hospital, patients with newly-diag-
nosed glioblastoma underwent a post-operative MRI
within 48 h for evaluation of resection status. Following
the first surgery for tumor removal, patients received
adjuvant concurrent chemoradiotherapy (CCRT) with
radiotherapy for 2 gray (Gy) per daily fraction (Mon-
day through Friday) over 6 weeks (total dosage, 60 Gy)
and concurrent temozolomide (TMZ) 75 mg per square
meter of body-surface area per day, 7 days per week.
After receiving CCRT, patients received the standard
Stupp protocol, with monthly adjuvant TMZ (aTMZ)
for 6 cycles, consisting of 150-200 mg per square meter
of body-surface area for the first 5 days of each 28-day
cycle. Patients underwent MRI surveillance after the
Stupp protocol and every 3 months afterwards for 1 year.
The frequency of MRI surveillance varied after the first
year, with most patients undergoing yearly follow-ups. If
a recurrence was documented during follow-up, further
treatment was discussed with the patient. The options
included continuing monthly aTMZ, repeated surgery,
and/or bi-weekly adjuvant bevacizumab, or surveillance
only. A hemogram was conducted before the CCRT,
within 1 month after completion of the CCRT, and within
1 month after each course of aTMZ.

Clinical variables and outcome assessment

Clinical information was collected retrospectively,
including the age at diagnosis (cut-off value, 70 years),
pre- and post-operative Karnofsky Performance Sta-
tus (KPS) scores (cut-off value, 60), the extent of resec-
tion (EOR) and the Ki-67%. The cut-off age to define an
elderly population differs among clinical studies, rang-
ing between 60 and 75 years [8]. In this study, the cut-off
value was set at 70 for the age at diagnosis to keep consis-
tency with the critical Stupp trial [9, 10]. The cutoff value
for KPS was set at 60 since the latest NCCN guideline
suggested determining post-operative adjuvant therapy
and treatment for elderly patients based on their perfor-
mance status, which was defined as KPS>60 [11]. All the
glioblastomas were IDH wildtype, according to the 2021
WHO classification of tumors of the central nervous sys-
tem. MGMT methylation status was not available in all
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patients, and was therefore not analyzed in this study.
The EOR was classified as gross-total resection (GTR)
(>99% resection), subtotal resection (STR) (90-99%
resection), and partial resection (PR) (<90% resection)
based on contrast-enhanced T1-weighted MRI. The over-
all survival (OS) was defined as the interval between the
first pathology-proved diagnosis and the last follow-up or
death. Progression-free survival (PFS) was defined as the
interval from the first surgery until recurrence as deter-
mined by evidence on MRI surveillance.

The neutrophil/lymphocyte ratio (NLR) was defined
as the absolute neutrophil count (ANC) divided by the
absolute lymphocyte count (ALC). Hemogram measure-
ment and analysis was conducted at two time points:
post-CCRT and post-Stupp. The post-Stupp time point
was defined as the hemogram obtained within 1 month
after the last course of aTMZ. The dynamic change
in NLR (dNLR) was defined as the NLR at the point of
interest (post-CCRT or post-Stupp) divided by the pre-
operative NLR. The cut-off value for ALC was set at 800
and 500 cells/pL, according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) version 5.0, as
grade 1 (1500-800 lymphocytes/pL), grade 2 (800—500
lymphocytes/pL) and grade 3 (500-200 lymphocytes/
uL). For NLR and dNLR, the cut-off values were deter-
mined with the receiver operating characteristic (ROC)
analysis, which were finally set as 1.3 and 5 respectively.

Statistical analysis

Differences for changes in leukocytes, ANCs, ALCs and
NLRs were analyzed using the Wilcoxon signed rank test.
Analysis of OS and PFS was conducted using univariate
and multivariate Cox proportional hazards models. Vari-
ables would be introduced into the multivariate models
for following reasons: (1) showing a potential statistical
significance (p value<0.2) in the univariate analyses; (2)
proved to be prognostic in previous studies; (3) of our
interest (e.g. the hemogram parameters). Three multivar-
iate models were performed. For the OS, model A analy-
sis included age, pre-operative KPS, EOR, and post-Stupp
ALC. Model B analysis included age, pre-operative KPS,
EOR, and post-Stupp NLR. Model C analysis included
age, pre-operative KPS, EOR, and post-Stupp dNLR. For
the PES, the other three multivariate analyses A—C were
also performed, except that the variable “age at diagno-
sis” was removed, as it was neither proved to be prog-
nostic for PFS in previous studies nor of our interest. All
p-values were 2-sided, with significance set at p <0.05. All
statistical analyses were performed using IBM SPSS Sta-
tistics (Version 29; IBM, Armonk, NY, USA).
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Results

Patient population

A total of 525 patients were diagnosed with glioblastoma
and underwent surgery for tumor resection between Jan.
2011 and Dec. 2022 in a single tertiary medical center. Of
these patients, 456 were excluded for the following rea-
sons: age<18 years, 7 patients; underwent surgery for
recurrent glioblastoma, 17 patients; enrolled in other
clinical trials, 74 patients; did not receive the standard
CCRT or monthly aTMZ, 137 patients; received treat-
ments other than the standard protocol, 42 patients;
did not have complete lab data or follow-up MRI, 101
patients; hemogram results were potentially confounded
by steroid prescription or infection, 26 patients; lost to
follow-up within 2 years after surgery, 52 patients. As a
result, 69 patients were included in this study. The inclu-
sion and exclusion flowchart is shown in Fig. 1. The sum-
mary of demographics and clinical characteristics for the
included patients is shown in Table 1.

Changes in leukocyte counts

After the standard CCRT and Stupp protocol, the leu-
kocyte counts, ANCs, and ALCs were lower than in
pre-operative hemograms, while the NLR increased. Sta-
tistical significance was observed in the change in leuko-
cyte counts, ANCs, and ALCs (p<0.001) but not in the
change in NLR (p=0.853 and 0.071, respectively) (Fig. 2).
The changes in leukocyte counts, ANCs, ALCs and NLR
for each patient across the three timepoints were also
presented (Fig. 3).

Overall survival (OS)

The risk factor analyses for OS were presented in Table 2
for continuous variables, and Table 3 for categorical vari-
ables. As shown in Table 3, univariate analysis revealed
remarkable statistical significance between age at diag-
nosis>70 (p=0.019), post-Stupp dNLR (p=0.006) and
OS. No statistical significance was found between the OS
and several variables, including post-CCRT ALC =500
cells/uL (p=0.104), and post-Stupp ALC=500 cells/uL
(p=0.128). Potential statistical significance was found
between the OS and pre-operative KPS>60 (p=0.056).
The other variables showed no statistical significance,
including the EOR, the post-operative KPS, the post-
CCRT NLR, and the post-Stupp NLR. The survival plots
according to ALC, NLR and dNLR were presented in
Fig. 4A—C.

In the multivariate analyses, both the age at diagno-
sis>70 (p=0.005, 0.001, and 0.007, respectively) and
pre-operative KPS>60 (p=0.046, 0.007, and 0.033,
respectively) were significantly correlated with the over-
all survival in all 3 models. The EOR, either STR or GTR,
showed no significant benefit in OS in all 3 models.
Among hemogram variables, the post-Stupp ALC=>500
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Fig. 1 The inclusion and exclusion flowchart for patient selection
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Table 1 Summary of demographic and clinical characteristics of
the included patients

Median (SD) or number (%)

61.0 (12.9%)
45 (65.2%)

Age at diagnosis (year)

Preoperative KPS 70 (14.3%)
Tumor location
Lobar cerebral 64 (92.8%)
Cerebellar 2(2.3%)
Central 6 (8.7%)
Multifocal 6 (8.7%)
Ki-67% 20 (21.5%)
Extent of resection
GTR 33 (47.8%)
STR 25 (36.2%)
PR 11 (15.9%)
Hemogram (per L)
WBCs 8200 (2559.5)
Neutrophils 5565 (2278.6)
Lymphocytes 1692 (806.9)
Outcome
Death 8 (55.1%)
Recurrence 4 (92.8%)
OS (month) 26 (17.3)
PFS (month) 9(12.0)

KPS, Karnofsky performance status; GTR, gross total resection; STR, subtotal
resection; PR, partial resection; WBC, white blood cell; OS, overall survival; PFS,
progression free survival
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cells/uL showed no significant prognostic values in our
models. The post-Stupp NLR>5 and dNLR>1.3 both
showed significant prognostic values (p=0.027 and
p=0.014 respectively).

Progression-free survival (PFS)

The risk factor analyses for PFS were presented in Table 4
for continuous variables, and Table 5 for categorical vari-
ables. As shown in Table 5, univariate analysis found
3 variables that significantly correlated with PFS: pre-
operative KPS > 60, GTR status, and post-Stupp NLR>1.3
(p=0.017, 0.042, and 0.043, respectively). No statistical
significance was found between the PFS and the follow-
ing 3 hemogram variables: post-CCRT ALC=500 cells/
uL (p=0.184), post-Stupp ALC=>500 cells/pL (p=0.114),
and post-Stupp NLR>5 (p=0.087). The other variables
did not differ significantly, including the age at diagno-
sis, STR status, post-CCRT NLR=>5, and post-CCRT
dNLR=>1.3. The survival plots according to ALC, NLR
and dNLR are shown in Fig. 4D-F.

In the multivariate analyses, the GTR status did not
show statistical correlation with the PFES in all 3 models
(p=0.078, 0.068, 0.105). Significant correlation between
the pre-operative KPS>60 and PES could be observed in
all 3 models (p=0.034, 0.015 and 0.038, respectively). The
hemogram analysis revealed that neither the post-Stupp

12
10
P=0.071
—t—
8
P=0.853
ey
6
P <0.001
4
P <0.001
2
ALC NLR

Post-CCRT

- Post-Stupp

Fig.2 Differences between pre-operative, post-CCRT, and post-Stupp hemograms, including leukocyte counts (WBC), absolute neutrophil counts (ANC),
absolute lymphocyte counts (ALC), and the neutrophil-to-lymphocyte ratio (NLR). The analysis was performed with Wilcoxon signed rank test
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Fig. 3 Changes in leukocyte counts (WBC), absolute neutrophil counts (ANC), absolute lymphocyte counts (ALC), and the neutrophil-to-lymphocyte
ratio (NLR) for each patient across three time points: pre-operative, post-CCRT, and post-Stupp

Table 2 Risk factor analysis for overall survival (OS), continuous
variable

HR Cl Pvalue

Age 1.016 0.990-1.042 0.235
KPS

Pre-operative 0.978 0.956-1.002 0.069
Post-operative 0.994 0.976-1.011 0467
ALC

Pre-operative 1.000 1.000-1.001 0.535
Post-CCRT 1.000 0.999-1.001 0.859
Post-Stupp 1.000 0.999-1.001 0.508
NLR

Pre-operative 0.960 0.836-1.104 0.569
Post-CCRT 0.979 0.799-1.200 0.840
Post-Stupp 1.040 0.945-1.145 0421
dNLR

Post-CCRT 0.995 0.568-1.741 0.986
Post-Stupp 1.000 0.849-1.177 0.999

HR, hazard ratio; Cl, confidence interval; KPS, Karnofsky performance status;
GTR, gross total resection; STR, subtotal resection; PR, partial resection; ALC,
absolute lymphocyte count; CCRT, concurent chemoradiotherapy; NLR,
neutrophil-to-lymphocyte ratio; dNLR, the dynamic change of neutrophil-to-
lymphocyte ratio

ALC, post-Stupp NLR=>5, or post-Stupp dNLR =>1.3
showed significant correlation with the PES.

Cox proportional hazard models from a bootstrap
resampling

The Cox model results from the bootstrap samples
showed the similar adjusted hazard ratios and 95% con-
fidence interval estimates for the categorical variables in
NLR=>5 (2.289 with 95% CI 1.056-4.937) and dNLR>1.3
(2.673 with 95% CI 1.268-6.079).

Discussion

Results interpretation and comparison with previous
studies

We observed decreased WBC, ALC, and ANC and an
increased NLR after the CCRT and standard Stupp pro-
tocol, as observed in a previous study [12]. The lack of
significance in NLR could be attributed to the relatively
small patient cohort. A previous study reports that this
change in hemogram seems to remain at least for 1 year
[13]. However, this suggestion needs confirmation by
studies with complete lab data, longer follow-up times,
and larger patient cohorts.

Of the 3 hemogram parameters investigated in this
study (ALC, NLR and dNLR), the dNLR (cut-off value set
at 1.3), showed the strongest prognostic value for both
OS and PES in univariate analyses. However, this finding
was not reproduced in the multivariate model for PFS.
This finding could be attributed to the strong interactive
effect between the EOR and dNLR, since the p-value after
removing EOR as a variable in model C was 0.091 for
post-Stupp dNLR>1.3 (not shown in Tables). This find-
ing also be explained by our hypothesis that the immuno-
suppression effect was alleviated after a larger proportion
of the tumor was removed. At the same time, in the mul-
tivariate analyses, a post-Stupp NLR=>5 showed signifi-
cant prognostic value in predicting the OS (p=0.027) but
no prognostic value in predicting the PFS (p =0.086).

While previous studies have reported the pre-operative
NLR to be a prognostic factor for OS in gliomas, this
finding was not reproduced in this study (p=0.569, not
presented in Tables) [14—16]. We propose that the post-
Stupp NLR/ANLR might provide more information than
the pre-operative NLR for the following reasons. First,
the pre-operative NLR provides no information regard-
ing the change in tumor burden or tumor microenvi-
ronment. Second, since CCRT and Stupp protocol have
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Fig. 4 Survival curves and risk tables based on post-Stupp hemograms. A-C. Survival curves for overall survival (OS); D-F. Survival curves for progression

free survival (PFS)

Table 4 Risk factor analysis for progression free survival (PFS),
continuous variable

HR Cl Pvalue

Age 0.999 0.981-1.018 0.921
KPS

Pre-operative 0.992 0.974-1.011 0418
Post-operative 0.988 0.974-1.003 0.107
ALC

Pre-operative 1.000 1.000-1.000 0.863
Post-CCRT 1.000 0.999-1.000 0.600
Post-Stupp 1.000 0.999-1.000 0.146
NLR

Pre-operative 1.008 0.904-1.123 0.891
Post-CCRT 0.979 0.846-1.133 0.778
Post-Stupp 1.114 1.017-1.221 0.020
dNLR

Post-CCRT 0.941 0.582-1.521 0.803
Post-Stupp 1.154 1.005-1.326 0.043

HR, hazard ratio; Cl, confidence interval; KPS, Karnofsky performance status;
GTR, gross total resection; STR, subtotal resection; PR, partial resection; ALC,
absolute lymphocyte count; CCRT, concurent chemoradiotherapy; NLR,
neutrophil-to-lymphocyte ratio; dNLR, the dynamic change of neutrophil-to-
lymphocyte ratio

been widely accepted as standard adjuvant treatments
for high-grade gliomas, the prognosis depends primar-
ily on the treatment, including a maximal safe margin
of resection and completion of the standard treatment.
Therefore, in our opinion, the prognostic value should be
higher after the Stupp protocol.

Aside from the hemogram parameters, different prog-
nostic factors of high grade glioma and glioblastoma
were proposed from previous studies, including age, KPS,
the EOR, molecular markers (MGMT methylation, IDH
mutation, 1p/19q co-deletion, EGFR alteration, TERT
promoter mutation, and etc.), and post-operative Stupp
regimen [17-20]. In addition, several newer molecular
markers (e.g., C5AR2, specific autophagy-related genes)
also show potentially promising value [21]. In this study,
all the glioblastomas were IDH-wildtype according to the
2021 WHO classification of tumors of the central ner-
vous system. Other molecular markers were not available
in all patients, especially in the early years, and therefore
were not analyzed in this study.

Growing evidence has revealed a correlation between
performance status and the glioblastoma survival (OS or
PES) [22-26]. Regarding OS, lower performance status
clearly correlates with shorter OS due to the numerous
subsequent medical issues resulting from a bedridden
status, including aspiration pneumonia, poor nutrition,
and bedsores. The shorter PFS might result from cogni-
tive and functional decline following tumor recurrence.
On the other hand, advances in cancer neuroscience
suggest that nervous system—cancer interactions can
regulate oncogenesis and the tumor microenvironment
[27-29]. In this study, a pre-operative KPS =60 correlated
with a longer OS and PFS and the protective effect was
significant in all multivariate models (Tables 3 and 5),
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again highlighting the prognostic value of baseline per-
formance status.

In this study, a trend was observed showing that a
greater extent of resection resulted in a longer OS,
though far from statistically significant. A longer PFS
correlated with GTR status but not STR status. Although
the optimal extent of resection for glioblastoma remains
under debate, the growing consensus to date is to achieve
a maximal safe margin of resection, which has shown
benefits in both OS and PFS [30]. We attribute the lack
of statistical significance in our study to the following fac-
tors. First, the surgery dates spanned more than a decade
(2011-2022), during which time the concept of maximal
safe resection has been established. In addition, intra-
operative adjunct treatments have also been gradually
applied as a regular practice, including 5-aminolevulinic
acid (5-ALA), cortical mapping, intra-operative MRI, and
the awake craniotomy in cooperation with a neurologist
for intra-operative neurologic performance monitor-
ing. Thus, earlier surgical procedures may have achieved
maximal resection but at the expense of brain function,
leading to impaired neurocognitive outcomes and perfor-
mance status. Thus, extensive tumor resection for a bet-
ter OS had little benefit for the patient.

Treatment-related lymphopenia

Previous studies have demonstrated the presence and
importance of post-treatment lymphopenia [5, 13,
31]. Grossman et al. concluded that a low CD4 count 2
months after standard treatment with radiation therapy
and TMZ is independently associated with shorter sur-
vival [13]. Kim et al. found that while leukopenia and
neutropenia also occurred after standard treatment,
these conditions recovered much earlier than lymphope-
nia [12]. This finding might explain the increase in NLR
and dNLR after standard treatment. Several factors have
been proposed to cause the observed post-treatment
lymphopenia, including TMZ, radiation therapy, cortico-
steroid use, and even the progression to primary malig-
nancy [32].

Neutrophils and the tumor microenvironment

Neutrophilia is associated with the presentation of malig-
nancy, including glioblastoma [33]. Granulocyte colony-
stimulating factor (G-CSF) secretion from tumor cells is
one of the hypothetical causes [34]. G-CSF shifts bone
marrow hematopoiesis toward the myeloid lineage and
away from the lymphocyte lineage, thereby increasing
neutrophil and decreasing lymphocyte counts [35, 36].
Neutrophilia also is thought to accelerate tumor growth
through several tumor growth-promoting factors, includ-
ing vascular endothelial growth factor, IL-6, IL-8, matrix
metalloproteinases, and elastases [37—41]. By promoting
angiogenesis and metastasis and suppressing adaptive
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immune responses, these factors exacerbate the pro-
gression and invasion of malignant cells. These findings
were not only found in clinical practice, but also widely
revealed in basic studies [42—-45].

Although neutrophilia is related to elevated immune
activity in some scenarios, malignancy-related neutro-
philia actually causes immunosuppression, in part by
the G-CSF-induced shift in hematopoiesis toward the
myeloid lineage. In addition, neutrophils are reported
to suppress the cytolytic activity of other immune cells,
including cytotoxic T lymphocytes and natural killer
(NK) cells. Other studies have reported the critical role of
tumor-infiltrating lymphocytes and NK cells in treating
cancer [33, 46, 47].

A vicious cycle establishes the TME, a systemic and
local tumor-related inflammation that further promotes
immunosuppression and malignancy progression. Thus,
the shift in the hemopoietic lineage with resultant neu-
trophilia, lymphopenia, and increased NLR is thought to
be an important laboratory presentation of immunosup-
pression and tumor progression [33, 47].

Tumor associated neutrophils

Despite reports that neutrophils promote malignancy,
neutrophils also have been found to have antitumoral
effects [47, 48]. During neutrophil polarization, tumor
associated neutrophils (TANs) are polarized to anti-
tumor (N1) or pro-tumor (N2) phenotypes, depending
on the environment and the cytokines they are exposed
to [46, 49]. Neutrophil polarization factors are often
secreted by tumor cells themselves. In addition, TANs
exhibit functional plasticity and the ability to undergo
alternative activation upon different TME exposures [46,
50]. In fact, Gurrierit et al. reported the prognostic role of
CD68 + macrophage and CD66b + neutrophils expressed
in vascular/perivascular area in predicting median OS
and PFS [51].

Advantages and disadvantages of NLR and dNLR

Although the NLR has been widely accepted as an inde-
pendent factor for glioblastoma prognosis, few studies
have investigated the changes in NLR. Instead, most stud-
ies have focused only on the NLR at a static time point,
such as the preoperative NLR, and its prognostic value.
Considering the complicated interactions between TANs
and the TME, we believe the NLR is dynamic and reflects
the present tumor burden in response to treatment.
Here, we investigated the NLR and dNLR, analyzing the
change in NLR relative to the pre-treatment status, at 2
time points: after the CCRT and after the standard Stupp
protocol. While the post-Stupp NLR>5 showed no sig-
nificant correlation with the OS or PFS, dNLR>1.3 was
correlated significantly with a shorter OS and PFS in uni-
variate analyses. Ma et al. also reported that changes in
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the NLR, using the interval between preoperative and
postoperative NLRs, correlated significantly with tumor
recurrence [7]. However, the study included patients with
glioblastoma and grade 2—4 gliomas.

Despite their significant correlation with glioblastoma
prognosis, NLR and dNLR use in clinical practice still has
some disadvantages. First, the hemogram results, par-
ticularly the distribution of leukocyte cell lineages, can
be affected by many common factors other than tumor
status. For instance, the NLR could be highly influenced
by infection, steroid use, and chemotherapy. In this study,
we tried to exclude confounding factors from infection
and steroid use by careful chart review. Regarding che-
motherapy, an observational study reports a decrease in
NLR during the standard Stupp protocol compared to
the preoperative and post-Stupp status [12]. However,
no significant difference was observed in NLR between
the CCRT or each monthly aTMZ. This finding further
supports our conclusion that the NLR and dNLR can
be used to predicting prognosis and even detect tumor
recurrence.

Dynamic change in leukocyte count as a prognostic factor
for glioblastoma and its potential for early detection of
glioblastoma recurrence

Several studies have demonstrated the prognostic value
of NLR for glioblastoma and glioma. To explain this
hemogram finding, some studies emphasize the impor-
tance of increased neutrophil activity, while other favor
the presence of lymphopenia [3, 5, 6, 12, 14, 52, 53].
These studies evaluated data at different timepoints, with
most studies focusing on the pre-operative NLR. While
several NLR cutoff values have been proposed, NLR >4
has is most commonly proposed to be an independent
prognostic factor for a worse outcome [16]. In our analy-
sis, while a post-Stupp NLR >5 did not show a significant
correlation with OS or PFS, a ANLR>1.3 was signifi-
cantly associated with shorter OS and PFS in univari-
ate analyses. Additionally, in the multivariate analysis,
NLR =5 was found to be significantly correlated with OS
(p=0.027), which is consistent with previous reports [16].
Notably, dNLR remained strongly associated with OS
(p=0.014) in multivariate analysis. These findings high-
light the potential importance of dNLR as a key prog-
nostic marker for predicting outcomes and recurrence in
GBM patients.

To date, no widely accepted biomarker had been iden-
tified for glioblastoma recurrence. Therefore, the only
surveillance for tumor recurrence involves brain MRI,
which is expensive and not always available in all medi-
cal settings. Considering the high recurrence rate of
glioblastoma and the survival benefit from re-operation
[54], more frequent surveillance for detecting recurrence
could be beneficial.
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To evaluate the correlation between dynamic changes
in leukocyte count with tumor recurrence and its poten-
tial as a glioblastoma biomarker, we analyzed post-Stupp
ALC, NLR, and dNLR for PFS using the Cox propor-
tional hazard model. A post-Stupp dNLR >1.3 correlated
significantly with a shorter PES in univariate analysis.
ALC=>500 and NLR>5 also showed potential prognostic
value, but without significance. This finding might reflect
the importance of the post-treatment lymphocyte count,
which is hypothesized to be the main leukocyte in treat-
ing malignancy and is the basis of current immunother-
apy using peptide vaccines, adaptive T cells, or immune
checkpoint inhibitors. Though still lacking strong evi-
dence, emerging clinical immune biomarkers and prom-
ising treatment outcomes have been achieved [55-64].

Other potential systemic inflammatory markers

Several systemic inflammatory markers other than NLR
have been reported and evaluated. A systemic review
and meta-analysis reported that the red cell distribu-
tion width and prognostic nutritional index, but not the
platelet/lymphocyte ratio or lymphocyte/monocyte ratio,
are also independent factors for predicting the OS for
patients with glioma [65]. One study reported NLR to be
a better prognostic factor for glioblastoma than the plate-
let/lymphocyte ratio or systemic immune inflammation
index [15]. Another recent meta-analysis supported the
usefulness of NLR, platelet/lymphocyte ratio, systemic
immune inflammation index and systemic inflamma-
tion response index as prognostic factors in patients with
glioblastoma [66]. However, a larger prospective study
with a long follow-up period has not yet been conducted.

Strengths and limitations

To our knowledge, this study is the first to investigate
the use of dynamic changes in NLR for predicting glio-
blastoma prognosis, including the OS and PFS. Although
only 69 patients were enrolled, Cox proportional haz-
ard models with bootstrap resampling yielded consis-
tent results, suggesting that an NLR>5 or dNLR>1.3
could serve as prognostic indicators for monitoring and
predicting outcomes in glioblastoma patients. However,
more cases should be enrolled to yield a more consistent
result. This study has several limitations. First, although
we excluded patients whose hemogram results might had
been confounded by steroid use or major infection, other
factors could potentially affect the distribution of hemo-
grams and leukocyte counts, such as unreported trivial
infection, anemia, nutritional status or concomitant
medications affecting blood counts. Secondly, the molec-
ular markers proved to show prognostic values, such as
MGMT methylation [67, 68], which was not available in
our patients. Instead of methylation status, we performed
immunohistochemistry method to analyze the MGMT
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protein expression level and therefore MGMT methyla-
tion status. The statistical results did not reveal any dif-
ferences between both groups. In addition, this study was
retrospective in design, with no pre-determined evalua-
tion time point or cut-off value for the hemograms. The
inconsistency in follow-up does exist, and prevent us
from making a stronger conclusion. Due to these limita-
tions in the study design, the results do not provide solid
support for using the dNLR to detect the recurrence of
glioblastoma. Nonetheless, using the values NLR>5 and
dNLR>1.3 seems to be a potential clinical parameter.
Considering the completely different features of the TAN
phenotypes (N1 and N2), further studies could focus on
the value of N2LR, which may better reflect the tumor-
associated immunosuppression and tumor burden and
would be less easily influenced by other medical condi-
tions such as steroid use or infection. Hemogram analy-
sis with a longer follow-up period is necessary to gather
data regarding long-term surveillance. Studies with a
prospective design enrolling more cases are warranted to
determine the value of dNLR as a serum biomarker for
predicting prognosis and detecting tumor recurrence.

Conclusion

This study revealed that for patients of glioblastoma,
NLR=>5 and dNLR>1.3 after the standard Stupp proto-
col correlated significantly with a worse prognosis. The
potential of these 2 parameters for predicting PFS was
also found in this study, though lacking significance.
Whether the dNLR could be a reliable biomarker for
detecting glioblastoma recurrence still warrants further
well-designed and prospective studies.
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