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Simple Summary: Glioblastoma (GB) is the most common primary malignant brain tumor in adult-
hood. The median survival of patients is approximately 15 months after the standard therapy
including safe maximal resection followed by radiotherapy plus concomitant and adjuvant temozolo-
mide. However, the survival times of GB patients undergoing this treatment are heterogeneous, with
a small fraction living even beyond 36 months. The identification of a reliable and simple method
for predicting whether patients will be short- or long-term survivors could assist in shaping indi-
vidualized posttreatment surveillance. We show here that a simple, low-cost, relatively innocuous
blood test before surgery can predict the survival outcomes of patients with isocitrate dehydrogenase
(IDH)-wildtype GB treated with the standard therapy.

Abstract: Purpose: The survival times of glioblastoma (GB) patients after the standard therapy includ-
ing safe maximal resection followed by radiotherapy plus concomitant and adjuvant temozolomide
are heterogeneous. In order to define a simple, reliable method for predicting whether patients with
isocitrate dehydrogenase (IDH)-wildtype GB treated with the standard therapy will be short- or long-
term survivors, we analyzed the correlation of preoperative blood counts and their combined forms
with progression-free survival (PFS) and overall survival (OS) in these patients. Methods: Eighty-
five patients with primary IDH-wildtype GB treated with the standard therapy between 2012 and
2019 were analyzed retrospectively. Cox proportional hazards models and Kaplan–Meier analysis
were used to investigate the survival function of preoperative hematological parameters. Results:
Preoperative high neutrophil-to-lymphocyte ratio (NLR, >2.42), high platelet count (>236 × 109/L),
and low red blood cell (RBC) count (≤4.59 × 1012/L) were independent prognostic factors for poorer
OS (p = 0.030, p = 0.030, and p = 0.004, respectively). Moreover, a high NLR was an independent prog-
nostic factor for shorter PFS (p = 0.010). We also found that, like NLR, preoperative high derived NLR
(dNLR, >1.89) was of poor prognostic value for both PFS (p = 0.002) and OS (p = 0.033). A significant
correlation was observed between NLR and dNLR (r = 0.88, p < 0.001), which had a similar prog-
nostic power for OS (NLR: AUC = 0.58; 95% CI: [0.48; 0.68]; dNLR: AUC = 0.62; 95% CI: [0.51; 0.72]).
Two scores, one based on preoperative platelet and RBC counts plus NLR and the other on preop-
erative platelet and RBC counts plus dNLR, were found to be independent prognostic factors for
PFS (p = 0.006 and p = 0.002, respectively) and OS (p < 0.001 for both scores). Conclusion: Cheap,
routinely ordered, preoperative assessments of blood markers, such as NLR, dNLR, RBC, and
platelet counts, can predict the survival outcomes of patients with IDH-wildtype GB treated with the
standard therapy.
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1. Introduction

Glioblastoma (GB) is the most common primary malignant brain tumor in adulthood.
Despite the standard therapy based on safe maximal resection followed by radiotherapy
plus concomitant and adjuvant temozolomide (TMZ, Stupp protocol), the median survival
of GB patients is only about 15 months [1]. However, survival is highly heterogeneous in
GB patients, with rates of 18% at two years, 11% at three years and 4% at five years [2].
Efforts are currently being made to identify prognostic parameters for short or long survival
in these patients.

Many patient characteristics, including age, sex, performance status, and tumor
site, have been identified as potential prognostic factors [3,4]. Furthermore, molecular
markers, such as isocitrate dehydrogenase (IDH) mutations and O6-methylguanine-DNA-
methyltransferase (MGMT) hypermethylation are increasingly being used as predictors
of prognosis and therapeutic response in GB patients [5–7]. There is growing evidence to
suggest that preoperative hematological biomarkers, which reflect the tumor microenviron-
ment to some extent, could be used as diagnostic and prognostic markers in several cancers,
including GB [8,9]. For example, previous studies have indicated that neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte
ratio (LMR) are associated with the clinical outcomes of GB [9–11].

The classification of GB based on such preoperative hematological biomarkers could
potentially improve the stratification of patient prognosis and would require no more
than a cheap, simple, relatively innocuous blood test. However, many of the previous
studies analyzed GB as a single entity, without distinguishing between IDH-wildtype and
IDH-mutant GB. It is now widely accepted that IDH-wildtype and IDH-mutant GB are
fundamentally different, with distinctive methylation and gene expression profiles [12].
Most IDH-mutant GB are secondary GB developing from low-grade gliomas and are less
aggressive than de novo or primary IDH-wildtype GB [12]. It has been shown that IDH1
mutation is associated with lower levels of chronic inflammation, potentially accounting
for the better prognosis of patients with such mutations [13–15]. In its new classification
of central nervous system tumors, the World Health Organization (WHO) refers to IDH-
mutant GB as grade 4 mutated IDH astrocytoma to distinguish more clearly between this
entity and non-mutated IDH GB [16,17].

Here, we analyzed the influence of various preoperative hematological parameters,
such as red blood cell (RBC), white blood cell (WBC), neutrophil, lymphocyte, and platelet
counts, and several combinations of these factors, such as NLR, derived NLR (dNLR),
PLR, LMR, the systemic immune-inflammation index (SII), and the systemic inflammation
response index (SIRI), on overall survival (OS) and progression-free survival (PFS) in
patients with IDH-wildtype GB treated with the standard therapy.

2. Patients and Methods
2.1. Patients

This retrospective study included patients who were newly diagnosed with IDH-
wildtype GB between January 2012 and December 2020 at Angers University Hospital. The
following inclusion criteria were used: (1) patient aged ≥ 18 years, (2) newly diagnosed
unilateral supratentorial GB, (3) GB without immunohistochemical staining for IDH1-
R132H, (4) tumor resected, (5) no intraoperative chemotherapy, (6) complete data for
routine blood tests before surgery, and (7) first-line treatment with complete concurrent
chemoradiotherapy according to the Stupp protocol [1]. The number of cycles of subsequent
adjuvant chemotherapy with oral TMZ depended on tolerance and radiological response.
Patients with acute infection, chronic active inflammatory disease, autoimmune disease,
hematological disorders, or other tumors were excluded. Patients on corticosteroids before
the preoperative blood test were also excluded. Using these criteria, 85 patients were
included. For this retrospective study, French legislation required only authorization from
the French National Data Protection Authority (CNIL; authorization no. ar19-0053v0/no.
1476342) and the non-objection of the patients to the use of their personal data.
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2.2. Data Collection

Baseline characteristics, such as age, sex, preoperative Karnofsky performance score
(KPS), tumor location, blood data, extent of resection (EOR), and Stupp protocol regi-
men, were collected from medical records. The preoperative hematological parameters
extracted from blood data included absolute counts of RBC, WBC, neutrophils, lympho-
cytes, monocytes, and platelets. These absolute counts were then used for the calculation
of several combined variables: NLR = neutrophil count/lymphocyte count, PLR = platelet
count/lymphocyte count, LMR = lymphocyte count/monocyte count, dNLR = neutrophil
count/(total WBC count—neutrophil count), SII = (platelet count × neutrophil count)/
lymphocyte count, and SIRI = (neutrophil count × monocyte count)/lymphocyte count.
EOR was recorded by the surgeon performing the operation or was determined from a
postoperative MRI scan performed within 48 h of surgery, by a neuroradiologist. EOR was
classified as gross total (GTR; 100%), subtotal (STR; ≥90%), or partial (PR; <90%). OS was
defined as the time from initial surgery to death. PFS was defined as time from first surgery
to radiological progression according to the RANO criteria [18].

2.3. Statistical Analysis

Pearson’s chi-squared test was used to evaluate the relationship between variables.
Univariate Cox regression analysis was performed with the clinical and hematological
covariates of all patients to screen for factors associated with PFS and OS. All covariates
were analyzed as dichotomous variables. The optimal cutoff for continuous hematological
variables was determined using the maximally selected rank statistics from the ‘maxstat’
R package. p-values were adjusted by the Bonferroni method for multiple testing. Vari-
ables with raw p-values < 0.05 in univariate analysis were included in multivariate Cox
regression analysis unless they were redundant or correlated with each other. Moreover,
demographic variables, displaying an interaction with hematological variables included in
the model, were forced into the model, regardless of their significance. The global statistical
significance of the Cox model was checked in three alternative tests (likelihood ratio, Wald,
and log-rank). The Cox model was also tested by two types of diagnostics: Schoenfeld
residuals to verify the assumption of proportional hazards and the determination of dfbeta
values for the investigation of influential outliers. Survival curves were plotted accord-
ing to the Kaplan–Meier method and compared in log-rank tests. A receiver operating
characteristic (ROC) curve was also generated and the area under the curve (AUC) was
calculated to evaluate the prognostic power for OS of the hematological markers. Statistical
analyses were performed with R software (version 4.1.0). Values of p < 0.05 were considered
statistically significant.

3. Results
3.1. Patient Characteristics

The baseline characteristics of the 85 selected IDH-wildtype GB patients are shown
in Table 1. Mean age at diagnosis was 61.5 ± 8.8 years and 65 patients (76%) were male.
Seventy-one patients (84%) had a KPS score > 80% before surgery. The GB was in the left
hemisphere in 42 patients (49%) and the right hemisphere in 43 patients (51%). GB was
unilobar in 46 patients (54%) and multilobar in 39 patients (46%). The EOR was complete
in 46 patients (54%). All patients received concurrent chemoradiotherapy according to
the Stupp protocol. However, 70 patients (82%) had no more than six cycles of adjuvant
TMZ and 15 patients (18%) had more than six cycles. The 85 GB patients had a median
PFS of 7.4 months (95% CI: [6.7; 8.7]) and a median OS of 17.7 months (95% CI: [14.5; 21.6])
(Table 1).

3.2. Univariate and Multivariate Analyses

Six variables were associated with a shorter PFS in univariate analysis: short TMZ
consolidation treatment (p < 0.001), low RBC count (p = 0.032), high WBC count (p = 0.029),
high NLR (p = 0.027), high dNLR (p = 0.002), and high SIRI (p = 0.045) (Table 2). Twelve
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variables were associated with a shorter OS in univariate analysis: low KPS (p = 0.009),
multilobar location (p = 0.022), short TMZ consolidation treatment (p < 0.001), low RBC
count (p = 0.002), high WBC count (p = 0.004), high neutrophil count (p = 0.004), high
lymphocyte count (p = 0.025), high platelet count (p = 0.046), high NLR (p = 0.007), high
dNLR (p = 0.002), high SII (p = 0.034), and high SIRI (p = 0.003) (Table 2).

Pearson’s chi-squared test showed that NLR, dNLR, and SII were strongly correlated
and that this correlation was strongest between NLR and dNLR (r = 0.88, p < 0.001; Table S1).
Prognostic power for OS was similar for NLR (AUC = 0.58; 95% CI: [0.48; 0.68]), dNLR
(AUC = 0.62; 95% CI: [0.51; 0.72]) and SII (AUC = 0.56; 95% CI: [0.47; 0.66]). We chose
to include NLR and dNLR in the multivariate Cox regression analysis and to generate
two separate models for these two variables because they were more strongly associated
with PFS and OS than SII (Table 2). Neither NLR nor dNLR was associated with platelet
or RBC counts (Table S1). Leukocyte, neutrophil, and lymphocyte counts and SIRI, all of
which were weakly or moderately associated with NLR or dNLR, were excluded from the
Cox model to avoid redundancy (Table S1). The demographic variable “sex”, for which
an association was found with RBC count in our cohort study (p = 0.039) was forced into
the model. We identified three variables as independently associated with shorter PFS in
multivariate analysis for the model including NLR: short TMZ consolidation treatment
(p < 0.001), low RBC count (p = 0.048), and high NLR (p = 0.010) (Table 3). Following the
replacement of NLR with dNLR, the multivariate analysis also showed that dNLR was an
independent prognostic factor for PFS (p = 0.002), but the only other significant variable
in this model was TMZ consolidation treatment (p < 0.001) (Table 3). We identified five
variables as independently associated with shorter OS in multivariate analysis for the model
including NLR: male gender (p = 0.028), short TMZ consolidation treatment (p < 0.001), low
RBC count (p = 0.004), high platelet count (p = 0.030), and high NLR (p = 0.030) (Table 3).
When NLR was replaced with dNLR in the model, the multivariate analysis also showed
that gender (p = 0.023), TMZ consolidation treatment (p < 0.001), RBC count (p = 0.003),
platelet count (p = 0.041), and dNLR (p = 0.033) were independent prognostic factors for
OS (Table 3). No association between the number of cycles of TMZ maintenance and NLR
(p = 0.176), platelet (p = 0.668), or RBC counts (p = 0.504) was observed, but there was a
slight negative association between TMZ consolidation treatment and dNLR (p = 0.050).

Table 1. Characteristics of the patients with primary IDH-wildtype GB treated with the standard
therapy. Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; GTR, gross total resection
(100%); KPS, Karnofsky performance score; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; OS, overall survival; PFS, progression-free survival; PLR, platelet-to-lymphocyte
ratio; PR, partial resection (<90%); RBC, red blood cells; SII, systemic immune-inflammation index;
SIRI, systemic inflammation response index; STR, subtotal resection (≥90%); TMZ, temozolomide;
WBC, white blood cells.

Patients Number %

Patient characteristics

Age median (range): 60 (36–81)
• ≤60 years 43 51
• >60 years 42 49

Sex
• Male 65 76
• Female 20 24

Preoperative KPS
• ≤80% 14 16
• >80% 71 84
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Table 1. Cont.

Patients Number %

Tumor location

Hemisphere
• Left 42 49
• Right 43 51

Unilobar 46 54
• Frontal 16 19
• Temporal 12 14
• Parietal 13 15
• Occipital 4 5
• Limbic 1 1

Multilobar 39 46

Extent of surgery

GTR 46 54
STR 26 31
PR 13 15

Preoperative hematological markers

RBC median (range): 4.79 (3.16–5.78)
• ≤4.59 × 1012/L 23 27
• >4.59 × 1012/L 62 73

WBC median (range): 8.66 (4.20–19.25)
• ≤6.28 × 109/L 9 11
• >6.28 × 109/L 76 89

Neutrophils median (range): 6.10 (2.03–16.56)
• ≤3.68 × 109/L 10 12
• >3.68 × 109/L 75 88

Lymphocytes median (range): 1.78 (0.40–5.51)
• ≤1.31 × 109/L 20 24
• >1.31 × 109/L 65 76

Monocytes median (range): 0.65 (0.06–1.22)
• ≤0.37 × 109/L 10 12
• >0.37 × 109/L 75 88

Platelets median (range): 237 (106–522)
• ≤236 × 109/L 41 48
• >236 × 109/L 44 52

NLR median (range): 3.18 (0.85–22.00)
• ≤2.42 27 32
• >2.42 58 68

dNLR median (range): 2.30 (0.69–12.29)
• ≤1.89 32 38
• >1.89 53 62

LMR median (range): 2.76 (0.83–24.54)
• ≤2.06 24 28
• >2.06 61 72

PLR median (range): 137.64 (51.08–645.00)
• ≤180.90 62 73
• >180.90 23 27

SII median (range): 772.13 (236.57–5715.87)
• ≤502.39 23 27
• >502.39 62 73
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Table 1. Cont.

Patients Number %

SIRI median (range): 1.95 (0.24–19.94)
• ≤2.55 54 64
• >2.55 31 36

Stupp regimen

Concurrent radiotherapy + TMZ 85 100
Adjuvant TMZ duration
• ≤6 cycles 70 82
• >6 cycles 15 18

Survival outcomes

Median PFS: 7.4 months (95% CI: [6.7; 8.7])
Median OS: 17.7 months (95% CI: [14.5; 21.6])

Table 2. Univariate Cox regression analysis of factors associated with PFS and OS. Abbreviations: Adj p, Bonferroni adjusted
p-value; CI, confidence interval; dNLR, derived neutrophil-to-lymphocyte ratio; EOR, extent of resection; GTR, gross total
resection (100%); KPS, Karnofsky performance score; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte
ratio; OR, odds ratio; PFS, progression-free survival; PLR, platelet-to-lymphocyte ratio; RBC, red blood cells; SII, systemic
immune-inflammation index; SIRI, systemic inflammation response index; TMZ, temozolomide; WBC, white blood cells.
* p < 0.05.

Univariate Analysis

PFS OS

Variables OR 95% CI p Adj p OR 95% CI p Adj p

Age (>60 years) 1.14 [0.74; 1.76] 0.556 1.000 1.32 [0.83; 2.09] 0.236 1.000
Sex (female) 0.87 [0.53; 1.45] 0.601 1.000 0.72 [0.42; 1.23] 0.232 1.000
KPS (>80%) 0.61 [0.34; 1.09] 0.097 1.000 0.45 [0.25; 0.82] 0.009 * 0.189

Hemisphere (left) 0.83 [0.54; 1.29] 0.410 1.000 0.85 [0.54; 1.34] 0.482 1.000
Lobe (multilobar) 1.38 [0.89; 2.15] 0.149 1.000 1.73 [1.08; 2.76] 0.022 * 0.462

EOR (GTR) 1.02 [0.65; 1.58] 0.945 1.000 0.99 [0.63; 1.57] 0.971 1.000
TMZ (>6 cycles) 0.13 [0.06; 0.29] <0.001 * <0.001 * 0.24 [0.12; 0.49] <0.001 * 0.002 *

RBC (>4.59 × 1012/L) 0.58 [0.36; 0.95] 0.032 * 0.672 0.44 [0.26; 0.75] 0.002 * 0.042 *
WBC (>6.28 × 109/L) 2.28 [1.09; 4.78] 0.029 * 0.609 3.89 [1.55; 9.77] 0.004 * 0.084

Neutrophils (>3.68 × 109/L) 1.98 [0.98; 3.98] 0.056 1.000 3.80 [1.52; 9.50] 0.004 * 0.084
Lymphocytes (>1.31 × 109/L) 1.43 [0.84; 2.43] 0.190 1.000 1.95 [1.09; 3.49] 0.025 * 1.000

Monocytes (>0.37 × 109/L) 1.25 [0.64; 2.43] 0.519 1.000 1.94 [0.88; 4.26] 0.099 1.000
Platelets (>236 × 109/L) 1.19 [0.76; 1.85] 0.444 1.000 1.61 [1.01; 2.57] 0.046 * 0.966

NLR (>2.42) 1.73 [1.06; 2.82] 0.027 * 0.567 2.11 [1.23; 3.61] 0.007 * 0.147
dNLR (>1.89) 2.12 [1.32; 3.39] 0.002 * 0.042 * 2.21 [1.32; 3.70] 0.002 * 0.042 *
LMR (>2.06) 0.64 [0.39; 1.06] 0.082 1.000 0.67 [0.41; 1.11] 0.122 1.000

PLR (>180.90) 0.92 [0.56; 1.50] 0.731 1.000 0.72 [0.43; 1.20] 0.208 1.000
SII (>502.39) 1.42 [0.86; 2.33] 0.170 1.000 1.83 [1.05; 3.21] 0.034 * 0.714
SIRI (>2.55) 1.62 [1.01; 2.59] 0.045 * 0.945 2.11 [1.29; 3.45] 0.003 * 0.063

3.3. Survival Analysis of Independent Prognostic Hematological Markers

As shown in Figure 1, patients with high NLR, high dNLR, or low RBC count had
a significantly poorer PFS and OS. Median PFS was 7.1 months (95% CI: [5.6; 8.7]) for
patients with NLR > 2.42, and 8.3 months (95% CI: [6.8; 19.8]) for patients with NLR ≤ 2.42
(p = 0.025, Figure 1A). Median OS was 16.0 months (95% CI: [13.6; 20.7]) for patients with
NLR > 2.42, and 22.7 months (95% CI: [17.1; 50.0]) for patients with NLR ≤ 2.42 (p = 0.006,
Figure 1B). Median PFS was 6.4 months (95% CI: [5.3; 8.5]) for patients with dNLR > 1.89,
and 9.7 months (95% CI: [7.0; 19.8]) for patients with dNLR ≤ 1.89 (p = 0.002, Figure 1C).
Median OS was 14.8 months (95% CI: [12.1; 19.1]) for patients with dNLR > 1.89 and
22.7 months (95% CI: [19.0; 43.4]) for patients with dNLR ≤ 1.89 (p = 0.002, Figure 1D). Me-
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dian PFS was 6.7 months (95% CI: [3.7; 8.7]) for patients with RBC counts ≤ 4.59 × 1012/L
and 7.8 months (95% CI: [6.8; 9.5]) for patients with RBC counts > 4.59 × 1012/L (p = 0.030,
Figure 1E). Median OS was 12.1 months (95% CI: [10.1; 19.0]) for patients with RBC
counts ≤ 4.59 × 1012/L and 19.4 months (95% CI: [17.1; 28.4]) for patients with RBC
counts > 4.59 × 1012/L (p = 0.002, Figure 1F). The OS of patients with a high platelet count
was also significantly lower than that of patients with a low platelet count. Median OS
was 17.5 months (95% CI: [13.6; 21.6]) for patients with platelet counts > 236 × 109/L and
20.8 months (95% CI: [15.8; 37.7]) for patients with platelet counts ≤ 236 × 109/L (p = 0.044,
Figure 1H). There was no significant difference in PFS between the two groups. Median
PFS was 7.8 months (95% CI: [6.7; 9.3]) for patients with platelet counts > 236 × 109/L and
6.8 months (95% CI: [5.8; 9.2]) for patients with platelet counts ≤ 236 × 109/L (p = 0.440,
Figure 1G).

Table 3. Multivariate Cox regression analyses of factors associated with PFS and OS. Abbreviations: CI, confidence interval;
dNLR, derived neutrophil-to-lymphocyte ratio; dNLR-P-RBC, dNLR-platelet count-red blood cell count; KPS, Karnofsky
performance score; NLR, neutrophil-to-lymphocyte ratio; NLR-P-RBC, NLR-platelet count-red blood cell count; OR, odds
ratio; PFS, progression-free survival; RBC, red blood cells; TMZ, temozolomide. * p < 0.05.

Multivariate Analyses

PFS OS

Variables OR 95% CI p OR 95% CI p

Multivariate analysis including NLR
Sex (female) 0.86 [0.50; 1.46] 0.571 0.52 [0.29; 0.93] 0.028 *
KPS (>80%) 0.83 [0.41; 1.66] 0.592
Lobe (multilobar) 1.28 [0.75; 2.20] 0.361
TMZ (>6 cycles) 0.12 [0.06; 0.27] <0.001 * 0.26 [0.12; 0.54] <0.001 *
RBC (>4.59 × 1012/L) 0.60 [0.36; 1.00] 0.048 * 0.42 [0.23; 0.75] 0.004 *
Platelets (>236 × 109/L) 1.73 [1.06; 2.83] 0.030 *
NLR (>2.42) 2.02 [1.18; 3.44] 0.010 * 1.88 [1.06; 3.32] 0.030 *
Multivariate analysis including dNLR
Sex (female) 0.79 [0.46; 1.34] 0.381 0.51 [0.28; 0.91] 0.023 *
KPS (>80%) 0.86 [0.43; 1.71] 0.665
Lobe (multilobar) 1.33 [0.78; 2.27] 0.294
TMZ (>6 cycles) 0.13 [0.06; 0.29] <0.001 * 0.28 [0.13; 0.60] <0.001 *
RBC (>4.59 × 1012/L) 0.62 [0.38; 1.02] 0.062 0.42 [0.23; 0.74] 0.003 *
Platelets (>236 × 109/L) 1.67 [1.02; 2.73] 0.041 *
dNLR (>1.89) 2.28 [1.37; 3.79] 0.002 * 1.81 [1.05; 3.13] 0.033 *
Multivariate analysis including NLR-P-RBC score
Sex (female) 0.83 [0.49; 1.40] 0.481 0.53 [0.30; 0.95] 0.034 *
KPS (>80%) 0.77 [0.39; 1.49] 0.435
Lobe (multilobar) 1.26 [0.74; 2.13] 0.397
TMZ (>6 cycles) 0.13 [0.06; 0.28] <0.001 * 0.26 [0.12; 0.54] <0.001 *
NLR-P-RBC score 1.51 [1.12; 2.02] 0.006 * 1.95 [1.42; 2.69] <0.001 *
Multivariate analysis including dNLR-P-RBC score
Sex (female) 0.79 [0.47; 1.33] 0.373 0.53 [0.30; 0.94] 0.030 *
KPS (>80%) 0.79 [0.41; 1.53] 0.480
Lobe (multilobar) 1.30 [0.76; 2.21] 0.333
TMZ (>6 cycles) 0.13 [0.06; 0.29] <0.001 * 0.28 [0.14; 0.60] <0.001 *
dNLR-P-RBC score 1.55 [1.17; 2.05] 0.002 * 1.90 [1.39; 2.60] <0.001 *
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3.4. A Scoring System Based on Preoperative Platelet and RBC Counts plus NLR or dNLR

We established a score based on preoperative NLR, platelet, and RBC counts. This
score, NLR-P-RBC, was calculated as follows: score = 3, patients with three abnormalities
(n = 11) (high NLR, high platelet count, and low RBC count), score = 2, patients with two
of these abnormalities (n = 29), score = 1, patients with only one abnormality (n = 34), and
score = 0, patients without abnormalities (n = 11). NLR-P-RBC score was significantly asso-
ciated with PFS (OR = 1.44; 95% CI: [1.11; 1.87]; p = 0.006; Adj p = 0.126) and OS (OR = 1.86;
95% CI: [1.40; 2.48]; p < 0.001; Adj p < 0.001) in univariate analysis. This score remained an
independent prognostic factor for PFS and OS in multivariate analysis (Table 3). Median
PFS in patients with three abnormalities for the preoperative blood test (score = 3) was
shorter than that in patients with NLR-P-RBC score of 2, 1, or 0 (p = 0.052). Median PFS
was 8.3 months (95% CI: [6.8; NA]) for patients with an NLR-P-RBC score of 0, 6.9 months
(95% CI: [5.6; 9.9]) for patients with an NLR-P-RBC score of 1, 7.6 months (95% CI: [6.7; 8.8])
for patients with an NLR-P-RBC score of 2 and 4.4 months (95% CI: [3.4; NA]) for patients
with an NLR-P-RBC score of 3 (Figure 2A). Median OS in patients with an NLR-P-RBC
score of 3 for the preoperative blood test was also shorter than that of patients with an
NLR-P-RBC score of 2, 1, or 0 (p < 0.001). Median OS was 41.7 months (95% CI: [17.06; NA])
for patients with an NLR-P-RBC score of 0, 20.8 months (95% CI: [15.8; 34.8]) for patients
with an NLR-P-RBC score of 1, 14.2 months (95% CI: [12.3; 21.6]) for patients with an
NLR-P-RBC score of 2 and 10.8 months (95% CI: [9.8; NA]) for patients with an NLR-P-RBC
score of 3 (Figure 2B).
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Figure 2. Kaplan–Meier curves for survival stratified by NLR-P-RBC score ((A) PFS; (B) OS)
and dNLR-P-RBC score ((C) PFS; (D) OS). Abbreviations: dNLR-P-RBC, derived neutrophil-to-
lymphocyte ratio-platelet count-red blood cell count; NLR-P-RBC, neutrophil-to-lymphocyte ratio-
platelet count-red blood cell count; OS, overall survival; PFS, progression-free survival.

When NLR was replaced with dNLR in the scoring system (score = 3 (n = 10); score = 2
(n = 29); score = 1 (n = 32); score = 0 (n = 14)), univariate analysis showed that dNLR-P-RBC
score was also significantly associated with PFS (OR = 1.53; 95% CI: [1.18; 1.99]; p = 0.001;
Adj p = 0.021) and OS (OR = 1.87; 95% CI: [1.41; 2.48]; p < 0.001; Adj p < 0.001). This
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score also remained an independent prognostic factor for PFS and OS in multivariate
analysis (Table 3). Median PFS in patients with a dNLR-P-RBC score of 3 for the preop-
erative blood test was shorter than that in patients with dNLR-P-RBC score of 2, 1, or 0
(p = 0.009). Median PFS was 9.8 months (95% CI: [7.0; 45.0]) for patients with a dNLR-P-
RBC score of 0, 6.7 months (95% CI: [5.3; 11.2]) for patients with a dNLR-P-RBC score of 1,
7.6 months (95% CI: [6.7; 8.8]) for patients with a dNLR-P-RBC score of 2 and 4.0 months
(95% CI: [3.1; NA]) for patients with a dNLR-P-RBC score of 3 (Figure 2C). Median OS in
patients with dNLR-P-RBC score of 3 was also shorter than that of patients with a dNLR-
P-RBC score of 2, 1 or 0 (p < 0.001). Median OS was 41.7 months (95% CI: [21.0; NA]) for
patients with a dNLR-P-RBC score of 0, 19.4 months (95% CI: [14.5; 34.8]) for patients with a
dNLR-P-RBC score of 1, 14.8 months (95% CI: [13.6; 20.7]) for patients with a dNLR-P-RBC
score of 2, and 10.4 months (95% CI: [7.4; NA]) for patients with a dNLR-P-RBC score of 3
(Figure 2D).

4. Discussion

Survival time is heterogeneous for GB patients undergoing the standard therapy, with
a small fraction surviving even beyond 36 months [1,2]. The definition of a simple, reliable
method for predicting whether patients are likely to be long- or short-term survivors would
be beneficial, as it would make it possible to adapt individualized post-treatment surveil-
lance. In this study, we retrospectively evaluated the prognostic value of preoperative
blood counts and their combined forms in 85 newly diagnosed IDH-wildtype GB patients
treated with the standard therapy. All patients received concurrent radiation therapy and
TMZ chemotherapy as first-line treatment, but the TMZ consolidation treatment varied
in these patients, with only 15 patients (18%) receiving more than six cycles of oral TMZ.
We found that the duration of TMZ consolidation treatment was an independent predic-
tive factor for PFS and OS. This is not particularly surprising as the number of cycles
is dependent on tolerance and radiological response. The survival benefits of extended
adjuvant TMZ in newly diagnosed GB cases have already been highlighted in several other
studies [19–21]. Consistent with published findings, we observed an association of sex
with OS in multivariate analysis in this selected cohort of 85 GB patients [4]. However, age,
KPS and EOR were not found to be independent factors associated with OS in this cohort.
The small number of patients and the lack of quantitative MRI assessment of volume for
EOR evaluation may account for this discrepancy.

We found that preoperative NLR, dNLR, platelet count, and RBC count were indepen-
dent prognostic factors for OS, with high NLR (>2.42), high dNLR (>1.89), high platelet
count (>236 × 109/L) and low RBC count (≤4.59 × 1012/L) being associated with poor
outcome. Other hematological markers related to NLR, dNLR, or platelets, including WBC
count, lymphocyte count, neutrophil count, SII, and SIRI were also associated with OS in
univariate analysis. Preoperative NLR > 2.42 and dNLR > 1.89 can also be considered to be
independent prognostic factors associated with a poorer PFS. Monocyte counts, PLR, and
LMR had no significant impact on PFS or OS in univariate analysis.

NLR has been reported to be of prognostic value for various cancers, including
GB [8,9]. Our findings are consistent with those of several studies showing an association,
in univariate analysis, of higher preoperative NLR values (cutoffs ranging from 1.7–7) with
poor OS in GB patients. At least 11 retrospective studies have been completed in different
countries, with total populations of 84 (cutoff > 4, Ireland) [22], 152 (cutoff ≥ 4, China) [23],
141 (cutoff > 4, China) [24], 90 (cutoff ≥ 5, Turkey) [25], 117 (cutoff > 7, Portugal) [26],
105 (cutoff ≥ 4, China) [27], 192 (cutoff > 2.7, China) [28], 124 (cutoff ≥ 4, Italy) [29],
497 (cutoff > 4, the Netherlands) [30], 129 (continuous variable, India) [31], and 194
(cutoff > 1.706, China) [32] GB patients, and preliminary results are available for one
prospective study (51 patients, cutoff > 4.73, Greece) [33]. In accordance with our study, all
but one [30] of these studies reported that higher preoperative NLR values remained an
independent prognostic factor for poor outcome in multivariate analysis. Mason et al. [34]
also confirmed that a high NLR just before or during focal radiotherapy and concomitant
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TMZ was associated with a poorer prognosis. Five studies reported no significant corre-
lation between NLR and OS in uni- and multivariate analyses with total populations of
84 (cutoff ≥ 4, China) [35], 80 (cutoff > 4, Turkey) [36], 89 (cutoff > 2.5, 3 or 4, Israel) [37], and
87 (cutoff > 5.07, Australia) [38] GB patients. These discrepancies may reflect differences in
hematological instruments, methods for determining cutoff values, sample size, surgical
options, and adjuvant treatment regimens. We found that a preoperative NLR > 2.42 was
correlated with a shorter PFS in uni- and multivariate analyses. The prognostic value of
preoperative NLR has been less frequently analyzed for PFS than for OS. We identified
five studies in which such analyses were performed and, contrary to our findings, four
of these studies reported no correlation between a higher preoperative NLR and poor
PFS [29,36–38]. In one study, this correlation was found in patients with GB but was not
confirmed when the analysis was limited to the subgroup of patients who completed the
Stupp protocol in which a high preoperative NLR was correlated with a shorter OS [26].
Despite these conflicting data, we found that, like NLR, preoperative dNLR was of prog-
nostic value for both PFS and OS. dNLR, which is based on WBC and neutrophil counts,
was initially defined by Proctor et al. [39]. The diagnostic value of preoperative dNLR for
predicting glioma grade has been highlighted [15,40]. Our findings are consistent with
those of Madhugiri et al. [31] showing an association of higher dNLR with shorter OS
in GB patients. We observed a significant correlation between NLR and dNLR, which
were of similar prognostic value for OS. Thus, as for other cancers, dNLR may be used
as an alternative to NLR for predicting survival in GB patients [8,39]. Many studies have
shown that circulating neutrophil levels are a major determinant of immunosuppression,
progression, and treatment resistance in GB [41–47]. Glioma grade is positively correlated
with the levels of circulating and tumor-infiltrating neutrophils [42,47,48]. Moreover, a
positive correlation has been found between elevated peripheral blood NLR levels and
high levels of tumor neutrophil infiltration/low levels of CD3-positive T-cell infiltration in
GB [23,48]. Neutrophils are recruited to the GB site by many chemotactic agents, including
IL-8 or chemokine ligand 8 and macrophage migration inhibitory factor [41]. The underly-
ing mechanisms by which tumor-infiltrating neutrophils promote the progression of GB
and other cancers in general remain to be revealed, and their study is complicated by the
multiplicity of plasticity phenotypes and functionalities [41,49,50]. Liang et al. [42] showed
that neutrophils enhance the proliferation of glioma stem cells (GSCs) by upregulating
S100A4 expression, leading to tumor growth and resistance to anti-vascular endothelial
growth factor (VEGF) therapy in GB. Zha et al. [47] have provided evidence to suggest that
neutrophil extracellular traps (NETs) secreted by tumor-infiltrating neutrophils promote
GB cell proliferation, migration, and invasion. NETs are complex extracellular struc-
tures composed of chromatin and specific proteins, including histones, granule enzyme
myeloperoxidase, cathepsin G, leukocyte proteinase 3, and lysozyme C [51]. Yee et al. [46]
showed that neutrophil-induced ferroptosis promotes necrosis in GB and is associated with
mesenchymal transition and positively correlated with tumor aggressiveness in human
GB. Tumor-associated neutrophils appear to play a crucial role in GB progression, but their
use as treatment targets is likely to be challenging. Neutrophils are crucial mediators of
host defense against infection, and their depletion may result in dangerous levels of im-
munosuppression. Liang et al. [42] found that downregulating S100A4 expression in GSCs
inhibited neutrophil-promoted tumor progression regardless of the degree of neutrophil
infiltration. The targeting of this specific neutrophil-activated regulator on tumor cells
provides a possible alternative treatment strategy.

In addition to the prognostic value of preoperative NLR or dNLR, we found that a high
preoperative platelet count (>236 × 109/L) was associated with a poorer OS in uni- and
multivariate analyses. Three studies reported relationships between preoperative thrombo-
cytosis and poorer OS in univariate analysis on 153 (cutoff > 400 × 109/L, Germany) [52],
84 (cutoff ≥ 151 × 109/L, China) [35], and 124 (cutoff > 350 × 109/L, Italy) [29] GB patients.
Moreover, preoperative thrombocytosis remained an independent prognostic indicator of
poor outcome in multivariate analysis in two of these studies [29,52]. Preoperative throm-
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bocytosis has also been reported to be of prognostic value in other cancers, being closely
associated with poor outcomes in colorectal cancer, nonsmall cell lung cancer, and ovarian
carcinoma [53–55]. Nevertheless, caution is required in the use of circulating platelet count
as a prognostic marker in GB. Three studies reported no significant prognostic value of
platelet count for GB with total population of 140 (continuous variable, Portugal) [26],
107 (continuous variable, Turkey) [56], and 497 (cutoff > 450 × 109/L, the Netherlands) [30]
GB patients. Furthermore, in this and other studies, PLR, another platelet parameter, was
not found to be of prognostic value [25,28,31,32,35,36]. To our knowledge, two studies
have reported an influence of PLR on survival in univariate analysis [23,29], and one
study found PLR to be an independent prognostic factor, low PLR being associated with a
better prognosis [24]. The contribution of platelets to tumor development, invasiveness,
malignancy, and metastasis is well recognized in solid tumors outside the central nervous
system, but the contribution of these cells to GB pathophysiology remains unclear [57].
Brockmann et al. [52] showed preoperative thrombocytosis to be a prognostic factor associ-
ated with shorter survival time in patients with GB, but they found no correlation between
preoperative platelet count and proliferative activity and vessel density in tumor samples
from GB patients [58]. Recent studies have reported a higher activation status of circulating
platelets in patients diagnosed with primary GB, and these circulating activated platelets
are able to affect the GB microenvironment by supplying oncopromoter and proangiogenic
factors such as von Willebrand factor, VEGF, and sphingosine-1-phosphate [59–61]. Mean
platelet volume (MPV) and MPV/platelet count ratio, two markers of platelet activity,
may be independent predictors of survival in patients with GB [56,62]. All these data
demonstrate that, although platelets appear to contribute to GB progression, additional
studies are required to gain greater insight into the roles of circulating platelet number and
activation levels as possible prognostic markers in GB.

We also observed that a low preoperative RBC count (≤4.59 × 1012/L) was asso-
ciated with poorer OS in uni- and multivariate analyses. RBC parameters are known
to be associated with cancer outcomes, with preoperative anemia associated with poor
survival outcomes in patients with various cancers, including renal cell carcinoma, gastric
cancer, colorectal cancer, and lung cancer [63–66]. In the context of GB, few studies have
considered this topic, and different RBC parameters have been studied. Some studies
provided evidence that low preoperative hemoglobin levels are associated with a poor
prognosis [67,68], but others provided less support for this notion [29,30,35,69]. In our
study, unlike RBC count, hemoglobin level was not predictive of survival in patients with
GB (data not shown). Few studies have analyzed the prognostic value of preoperative
RBC count in GB patients. Liang et al. [69], in addition to evaluating the prognostic impact
of preoperative RBC count, also analyzed several other RBC parameters, including mean
cell volume, hemoglobin and mean corpuscular hemoglobin levels, hematocrit, and RBC
distribution width (RDW). They showed that only RDW, reflecting the heterogeneity of
circulating RBC size, was associated with patient OS in uni- and multivariate analyses.
Kaisman-Elbaz et al. [67] also showed that RDW was an independent prognostic factor in
patients with GB; a high RDW was associated with a poor OS in these patients. These data
highlight the association of RBC parameters with GB, although the roles of these param-
eters in GB pathophysiology remain mostly unknown. Published data have highlighted
the association between anemia and tumor hypoxia [70]. One hypothesis is that anemia
can increase hypoxic foci in GB tumors [71]. The hypoxic microenvironment of GB has
been shown to be highly associated with tumor invasion and resistance to chemo- and
radiotherapy, the main causes of death in GB patients [71,72]. Stüben et al. [73] showed
that anemia reduced the efficacy of radiotherapy, and that its prevention by treatment with
recombinant human erythropoietin partially restored the sensitivity of xenografted GB to
fractionated irradiation.

As indicated above, NLR and dNLR were significantly correlated, but neither of these
parameters was correlated with platelet or RBC counts in our selected cohort of GB patients.
Interestingly, a score of 3, corresponding to the concurrent presence of high NLR or dNLR,
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high platelet, and low RBC counts for the preoperative blood test, was found to be an
independent prognostic factor for shorter PFS and OS. Well-designed larger-scale studies
are now required to test the efficacy of this score system for use as a clinical biomarker.

5. Limitations

This study has several limitations. First, this was a retrospective analysis with a small
number of patients, which may be subject to several unavoidable biases. Second, only
immunohistochemistry for IDH1-R132H was performed to assess the IDH status of the
tumors. Sanger sequencing for IDH1/2 genes was not performed for all the cases. Third,
we did not analyze the possible correlation with MGMT status, because this analysis is not
mandatory for routine pathologic reports at our center. A review of the literature found no
reports of correlations between NLR levels and MGMT promoter methylation status and
showed that the prognostic role of NLR was not significantly modified by MGMT promoter
methylation status [23,28]. Another limitation was the evaluation of hematological makers
as categorical variables. The evaluation of these markers as continuous variables yielded no
significant results in univariate analyses of PFS and OS (data not shown). Various statistical
methods can be used for cutoff selection including, biomarker-oriented, and outcome-
oriented approaches [74]. In this study, we used the maximally selected rank statistics
from the ‘maxstat’ R package. This is an outcome-oriented method providing cutoff
values corresponding to the most significant relationship to outcome. Outcome-oriented
methods are generally expected to have better statistical indicators than biomarker-oriented
methods [74]. In the future, a consensus should be clearly established, to determine the
optimal statistical method for cutoff selection in this context. This would make it possible to
make more meaningful comparisons between studies, and to define optimal cutoff values.
The analysis of blood counts and their combined forms, without including other mediators
of systemic inflammation such as acute-phase proteins including C-reactive protein and
albumin, was also limiting. These proteins were not routinely analyzed at the time of
patient admission to our medical center, suggesting that prospective studies are needed
in this case. In addition to the analysis of these proteins, it would also be interesting to
analyze the presence of circulating mesenchymal stem cells in the blood. These cells are
capable of migrating toward GB and may be the source of GB-associated stromal cells
(GASCs) [75]. Several studies have provided evidence that GASCs facilitate angiogenesis,
invasion, and tumor growth [75]. Moreover, the percentage of GASCs in GB tumors is
variable, high percentages being associated with a poorer OS [75].

6. Conclusions

We show here that cheap, routinely ordered preoperative blood tests for markers such
as NLR, dNLR, RBC, and platelets can predict survival outcomes in patients with primary
IDH-wildtype GB treated with the standard therapy. This approach could be used to
develop personalized post-treatment monitoring based on closer clinical and radiological
follow-up. Moreover, as high NLR and high dNLR are independent predictors of shorter
PFS, both of these parameters could be useful as predictors of progression and resistance
to the standard therapy. Data for hematological markers should be routinely recorded in
clinical databases, such as the French glioblastoma biobank [76], at admission, before the
administration of corticosteroids. This would make it possible to work with larger cohorts
of IDH-wildtype GB patients, which could be stratified into different groups on the basis of
sex, number of cycles of TMZ maintenance or survival, to identify and validate an optimal
preoperative prognostic score based on NLR, dNLR, RBC, and platelet counts.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers13225778/s1, Table S1: Relationship between hematological variables through Pearson’s
chi-squared test.
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36. Yersal, Ö.; Odabaşi, E.; Özdemir, Ö.; Kemal, Y. Prognostic Significance of Pre-Treatment Neutrophil-to-Lymphocyte Ratio and
Platelet-to-Lymphocyte Ratio in Patients with Glioblastoma. Mol. Clin. Oncol. 2018, 9, 453–458. [CrossRef] [PubMed]

37. Brenner, A.; Friger, M.; Geffen, D.B.; Kaisman-Elbaz, T.; Lavrenkov, K. The Prognostic Value of the Pretreatment Neu-
trophil/Lymphocyte Ratio in Patients with Glioblastoma Multiforme Brain Tumors: A Retrospective Cohort Study of Patients
Treated with Combined Modality Surgery, Radiation Therapy, and Temozolomide Chemotherapy. Oncology 2019, 97, 255–263.
[CrossRef] [PubMed]

38. Garrett, C.; Becker, T.M.; Lynch, D.; Po, J.; Xuan, W.; Scott, K.F.; de Souza, P. Comparison of Neutrophil to Lymphocyte Ratio and
Prognostic Nutritional Index with Other Clinical and Molecular Biomarkers for Prediction of Glioblastoma Multiforme Outcome.
PLoS ONE 2021, 16, e0252614. [CrossRef]

39. Proctor, M.J.; McMillan, D.C.; Morrison, D.S.; Fletcher, C.D.; Horgan, P.G.; Clarke, S.J. A Derived Neutrophil to Lymphocyte Ratio
Predicts Survival in Patients with Cancer. Br. J. Cancer 2012, 107, 695–699. [CrossRef]

40. Zheng, S.-H.; Huang, J.-L.; Chen, M.; Wang, B.-L.; Ou, Q.-S.; Huang, S.-Y. Diagnostic Value of Preoperative Inflammatory Markers
in Patients with Glioma: A Multicenter Cohort Study. J. Neurosurg. 2018, 129, 583–592. [CrossRef]

41. Khan, S.; Mittal, S.; McGee, K.; Alfaro-Munoz, K.D.; Majd, N.; Balasubramaniyan, V.; de Groot, J.F. Role of Neutrophils and
Myeloid-Derived Suppressor Cells in Glioma Progression and Treatment Resistance. Int. J. Mol. Sci. 2020, 21, 1954. [CrossRef]
[PubMed]

42. Liang, J.; Piao, Y.; Holmes, L.; Fuller, G.N.; Henry, V.; Tiao, N.; de Groot, J.F. Neutrophils Promote the Malignant Glioma Phenotype
through S100A4. Clin. Cancer Res. 2014, 20, 187–198. [CrossRef] [PubMed]

43. Massara, M.; Persico, P.; Bonavita, O.; Mollica Poeta, V.; Locati, M.; Simonelli, M.; Bonecchi, R. Neutrophils in Gliomas.
Front. Immunol. 2017, 8, 1349. [CrossRef] [PubMed]

44. Rahbar, A.; Cederarv, M.; Wolmer-Solberg, N.; Tammik, C.; Stragliotto, G.; Peredo, I.; Fornara, O.; Xu, X.; Dzabic, M.; Taher, C.; et al.
Enhanced Neutrophil Activity Is Associated with Shorter Time to Tumor Progression in Glioblastoma Patients. Oncoimmunology
2016, 5, e1075693. [CrossRef] [PubMed]

45. Sippel, T.R.; White, J.; Nag, K.; Tsvankin, V.; Klaassen, M.; Kleinschmidt-DeMasters, B.K.; Waziri, A. Neutrophil Degranulation
and Immunosuppression in Patients with GBM: Restoration of Cellular Immune Function by Targeting Arginase I. Clin. Cancer
Res. 2011, 17, 6992–7002. [CrossRef]

46. Yee, P.P.; Wei, Y.; Kim, S.-Y.; Lu, T.; Chih, S.Y.; Lawson, C.; Tang, M.; Liu, Z.; Anderson, B.; Thamburaj, K.; et al. Neutrophil-Induced
Ferroptosis Promotes Tumor Necrosis in Glioblastoma Progression. Nat. Commun. 2020, 11, 5424. [CrossRef] [PubMed]

47. Zha, C.; Meng, X.; Li, L.; Mi, S.; Qian, D.; Li, Z.; Wu, P.; Hu, S.; Zhao, S.; Cai, J.; et al. Neutrophil Extracellular Traps Mediate the
Crosstalk between Glioma Progression and the Tumor Microenvironment via the HMGB1/RAGE/IL-8 Axis. Cancer Biol. Med.
2020, 17, 154–168. [CrossRef]

48. Fossati, G.; Ricevuti, G.; Edwards, S.W.; Walker, C.; Dalton, A.; Rossi, M.L. Neutrophil Infiltration into Human Gliomas.
Acta Neuropathol. 1999, 98, 349–354. [CrossRef]

49. Masucci, M.T.; Minopoli, M.; Carriero, M.V. Tumor Associated Neutrophils. Their Role in Tumorigenesis, Metastasis, Prognosis
and Therapy. Front. Oncol. 2019, 9, 1146. [CrossRef]

50. Mukaida, N.; Sasaki, S.-I.; Baba, T. Two-Faced Roles of Tumor-Associated Neutrophils in Cancer Development and Progression.
Int. J. Mol. Sci. 2020, 21, 3457. [CrossRef]

51. Kaplan, M.J.; Radic, M. Neutrophil Extracellular Traps: Double-Edged Swords of Innate Immunity. J. Immunol. 2012, 189,
2689–2695. [CrossRef]

52. Brockmann, M.A.; Giese, A.; Mueller, K.; Kaba, F.J.; Lohr, F.; Weiss, C.; Gottschalk, S.; Nolte, I.; Leppert, J.; Tuettenberg, J.; et al.
Preoperative Thrombocytosis Predicts Poor Survival in Patients with Glioblastoma. Neuro Oncol. 2007, 9, 335–342. [CrossRef]

53. Lee, Y.S.; Suh, K.W.; Oh, S.Y. Preoperative Thrombocytosis Predicts Prognosis in Stage II Colorectal Cancer Patients. Ann. Surg.
Treat. Res. 2016, 90, 322–327. [CrossRef] [PubMed]

54. Li, A.J.; Madden, A.C.; Cass, I.; Leuchter, R.S.; Lagasse, L.D.; Karlan, B.Y. The Prognostic Significance of Thrombocytosis in
Epithelial Ovarian Carcinoma. Gynecol. Oncol. 2004, 92, 211–214. [CrossRef]

55. Yu, D.; Liu, B.; Zhang, L.; Du, K. Platelet Count Predicts Prognosis in Operable Non-Small Cell Lung Cancer. Exp. Ther. Med.
2013, 5, 1351–1354. [CrossRef]

56. Tahtaci, G.; Gunel, N.; Uner, A.; Tahtaci, M. Prognostic Value of Mean Platelet Volume in Glioblastoma Multiforme. Gazi Med. J.
2018, 29, 336–339. [CrossRef]

http://doi.org/10.2147/CMAR.S290053
http://doi.org/10.1007/s11060-013-1240-1
http://doi.org/10.1007/s11060-017-2395-y
http://www.ncbi.nlm.nih.gov/pubmed/28332000
http://doi.org/10.1016/j.clineuro.2016.10.014
http://doi.org/10.3892/mco.2018.1695
http://www.ncbi.nlm.nih.gov/pubmed/30233797
http://doi.org/10.1159/000500926
http://www.ncbi.nlm.nih.gov/pubmed/31288238
http://doi.org/10.1371/journal.pone.0252614
http://doi.org/10.1038/bjc.2012.292
http://doi.org/10.3171/2017.3.JNS161648
http://doi.org/10.3390/ijms21061954
http://www.ncbi.nlm.nih.gov/pubmed/32182988
http://doi.org/10.1158/1078-0432.CCR-13-1279
http://www.ncbi.nlm.nih.gov/pubmed/24240114
http://doi.org/10.3389/fimmu.2017.01349
http://www.ncbi.nlm.nih.gov/pubmed/29123517
http://doi.org/10.1080/2162402X.2015.1075693
http://www.ncbi.nlm.nih.gov/pubmed/27057448
http://doi.org/10.1158/1078-0432.CCR-11-1107
http://doi.org/10.1038/s41467-020-19193-y
http://www.ncbi.nlm.nih.gov/pubmed/33110073
http://doi.org/10.20892/j.issn.2095-3941.2019.0353
http://doi.org/10.1007/s004010051093
http://doi.org/10.3389/fonc.2019.01146
http://doi.org/10.3390/ijms21103457
http://doi.org/10.4049/jimmunol.1201719
http://doi.org/10.1215/15228517-2007-013
http://doi.org/10.4174/astr.2016.90.6.322
http://www.ncbi.nlm.nih.gov/pubmed/27274508
http://doi.org/10.1016/j.ygyno.2003.09.002
http://doi.org/10.3892/etm.2013.1003
http://doi.org/10.12996/gmj.2018.90


Cancers 2021, 13, 5778 17 of 17

57. Marx, S.; Xiao, Y.; Baschin, M.; Splittstöhser, M.; Altmann, R.; Moritz, E.; Jedlitschky, G.; Bien-Möller, S.; Schroeder, H.W.S.;
Rauch, B.H. The Role of Platelets in Cancer Pathophysiology: Focus on Malignant Glioma. Cancers 2019, 11, 569. [CrossRef]

58. Brockmann, M.A.; Bender, B.; Plaxina, E.; Nolte, I.; Erber, R.; Lamszus, K.; Groden, C.; Schilling, L. Differential Effects of
Tumor-Platelet Interaction in Vitro and in Vivo in Glioblastoma. J. Neuro Oncol. 2011, 105, 45–56. [CrossRef]

59. Campanella, R.; Guarnaccia, L.; Cordiglieri, C.; Trombetta, E.; Caroli, M.; Carrabba, G.; La Verde, N.; Rampini, P.; Gaudino, C.;
Costa, A.; et al. Tumor-Educated Platelets and Angiogenesis in Glioblastoma: Another Brick in the Wall for Novel Prognostic
and Targetable Biomarkers, Changing the Vision from a Localized Tumor to a Systemic Pathology. Cells 2020, 9, 294. [CrossRef]
[PubMed]

60. Di Vito, C.; Navone, S.E.; Marfia, G.; Abdel Hadi, L.; Mancuso, M.E.; Pecci, A.; Crisà, F.M.; Berno, V.; Rampini, P.;
Campanella, R.; et al. Platelets from Glioblastoma Patients Promote Angiogenesis of Tumor Endothelial Cells and Exhibit
Increased VEGF Content and Release. Platelets 2017, 28, 585–594. [CrossRef] [PubMed]

61. Marx, S.; Splittstöhser, M.; Kinnen, F.; Moritz, E.; Joseph, C.; Paul, S.; Paland, H.; Seifert, C.; Marx, M.; Böhm, A.; et al.
Platelet Activation Parameters and Platelet-Leucocyte-Conjugate Formation in Glioblastoma Multiforme Patients. Oncotarget
2018, 9, 25860–25876. [CrossRef] [PubMed]

62. Wach, J.; Apallas, S.; Schneider, M.; Weller, J.; Schuss, P.; Vatter, H.; Herrlinger, U.; Güresir, E. Mean Platelet Volume/Platelet
Count Ratio and Risk of Progression in Glioblastoma. Front. Oncol. 2021, 11, 695316. [CrossRef] [PubMed]

63. Huang, X.-Z.; Yang, Y.-C.; Chen, Y.; Wu, C.-C.; Lin, R.-F.; Wang, Z.-N.; Zhang, X. Preoperative Anemia or Low Hemoglobin
Predicts Poor Prognosis in Gastric Cancer Patients: A Meta-Analysis. Dis. Markers 2019, 2019, 7606128. [CrossRef]

64. Liu, Z.; Luo, J.-J.; Pei, K.Y.; Khan, S.A.; Wang, X.-X.; Zhao, Z.-X.; Yang, M.; Johnson, C.H.; Wang, X.-S.; Zhang, Y. Joint Effect
of Pre-Operative Anemia and Perioperative Blood Transfusion on Outcomes of Colon-Cancer Patients Undergoing Colectomy.
Gastroenterol. Rep. 2020, 8, 151–157. [CrossRef]

65. Wilson, M.J.; van Haaren, M.; Harlaar, J.J.; Park, H.C.; Bonjer, H.J.; Jeekel, J.; Zwaginga, J.J.; Schipperus, M. Long-Term Prognostic
Value of Preoperative Anemia in Patients with Colorectal Cancer: A Systematic Review and Meta-Analysis. Surg. Oncol. 2017, 26,
96–104. [CrossRef] [PubMed]

66. Xia, L.; Guzzo, T.J. Preoperative Anemia and Low Hemoglobin Level Are Associated With Worse Clinical Outcomes in Patients
With Bladder Cancer Undergoing Radical Cystectomy: A Meta-Analysis. Clin. Genitourin. Cancer 2017, 15, 263–272.e4. [CrossRef]
[PubMed]

67. Kaisman-Elbaz, T.; Elbaz, Y.; Merkin, V.; Dym, L.; Noy, A.; Atar-Vardi, M.; Bari, R.; Turiel, S.; Alt, A.; Zamed, T.; et al.
Hemoglobin Levels and Red Blood Cells Distribution Width Highlights Glioblastoma Patients Subgroup With Improved Median
Overall Survival. Front. Oncol. 2020, 10, 432. [CrossRef]

68. Lutterbach, J.; Sauerbrei, W.; Guttenberger, R. Multivariate Analysis of Prognostic Factors in Patients with Glioblastoma.
Strahlenther. Onkol. 2003, 179, 8–15. [CrossRef] [PubMed]

69. Liang, R.-F.; Li, M.; Yang, Y.; Mao, Q.; Liu, Y.-H. Significance of Pretreatment Red Blood Cell Distribution Width in Patients with
Newly Diagnosed Glioblastoma. Med. Sci. Monit. Int. Med. J. Exp. Clin. Res. 2017, 23, 3217–3223. [CrossRef]

70. Höckel, M.; Vaupel, P. Tumor Hypoxia: Definitions and Current Clinical, Biologic, and Molecular Aspects. J. Natl. Cancer Inst.
2001, 93, 266–276. [CrossRef]

71. Monteiro, A.R.; Hill, R.; Pilkington, G.J.; Madureira, P.A. The Role of Hypoxia in Glioblastoma Invasion. Cells 2017, 6, 45.
[CrossRef] [PubMed]

72. Chédeville, A.L.; Madureira, P.A. The Role of Hypoxia in Glioblastoma Radiotherapy Resistance. Cancers 2021, 13, 542. [CrossRef]
[PubMed]

73. Stüben, G.; Thews, O.; Pöttgen, C.; Knühmann, K.; Sack, H.; Stuschke, M.; Vaupel, P. Impact of Anemia Prevention by Recombinant
Human Erythropoietin on the Sensitivity of Xenografted Glioblastomas to Fractionated Irradiation. Strahlenther. Onkol. 2003, 179,
620–625. [CrossRef] [PubMed]

74. Woo, S.Y.; Kim, S. Determination of Cutoff Values for Biomarkers in Clinical Studies. Precis. Future Med. 2020, 4, 2–8. [CrossRef]
75. Clavreul, A.; Menei, P. Mesenchymal Stromal-Like Cells in the Glioma Microenvironment: What Are These Cells? Cancers 2020,

12, 2628. [CrossRef]
76. Clavreul, A.; Soulard, G.; Lemée, J.-M.; Rigot, M.; Fabbro-Peray, P.; Bauchet, L.; Figarella-Branger, D.; Menei, P.; FGB network.

The French Glioblastoma Biobank (FGB): A National Clinicobiological Database. J. Transl. Med. 2019, 17, 133. [CrossRef]

http://doi.org/10.3390/cancers11040569
http://doi.org/10.1007/s11060-011-0560-2
http://doi.org/10.3390/cells9020294
http://www.ncbi.nlm.nih.gov/pubmed/31991805
http://doi.org/10.1080/09537104.2016.1247208
http://www.ncbi.nlm.nih.gov/pubmed/27897101
http://doi.org/10.18632/oncotarget.25395
http://www.ncbi.nlm.nih.gov/pubmed/29899827
http://doi.org/10.3389/fonc.2021.695316
http://www.ncbi.nlm.nih.gov/pubmed/34178693
http://doi.org/10.1155/2019/7606128
http://doi.org/10.1093/gastro/goz033
http://doi.org/10.1016/j.suronc.2017.01.005
http://www.ncbi.nlm.nih.gov/pubmed/28317592
http://doi.org/10.1016/j.clgc.2016.08.017
http://www.ncbi.nlm.nih.gov/pubmed/27665259
http://doi.org/10.3389/fonc.2020.00432
http://doi.org/10.1007/s00066-003-1004-5
http://www.ncbi.nlm.nih.gov/pubmed/12540979
http://doi.org/10.12659/MSM.905204
http://doi.org/10.1093/jnci/93.4.266
http://doi.org/10.3390/cells6040045
http://www.ncbi.nlm.nih.gov/pubmed/29165393
http://doi.org/10.3390/cancers13030542
http://www.ncbi.nlm.nih.gov/pubmed/33535436
http://doi.org/10.1007/s00066-003-1110-4
http://www.ncbi.nlm.nih.gov/pubmed/14628128
http://doi.org/10.23838/pfm.2019.00135
http://doi.org/10.3390/cancers12092628
http://doi.org/10.1186/s12967-019-1859-6

	Introduction 
	Patients and Methods 
	Patients 
	Data Collection 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Univariate and Multivariate Analyses 
	Survival Analysis of Independent Prognostic Hematological Markers 
	A Scoring System Based on Preoperative Platelet and RBC Counts plus NLR or dNLR 

	Discussion 
	Limitations 
	Conclusions 
	References

