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Abstract

:

Background. Systemic immunity and inflammation indexes (SI) derived from blood cells have gained increasing attention in clinical oncology as potential biomarkers that are associated with survival. Materials and methods. We tested 12 different SI using blood tests from patients with isocitrate dehydrogenase 1 and 2 wild-type glioblastomas, treated with radio-chemotherapy. The primary endpoint was their overall survival. Results. A total of 77 patients, comprising 43 males and 34 females, with a median age of 64 years (age range 26–84), who were treated between October 2010 and July 2020, were included in the present analysis (approved by a local ethics committee). In the univariate Cox regression analysis, all the indexes except two showed a statistically significant impact on OS. In the multivariate Cox regression analysis, neutrophil × platelet × leukocyte/(lymphocyte × monocyte) (NPW/LM) and neutrophil × platelet × monocyte/lymphocyte (NPM/L) maintained their statistically significant impact value. Conclusions. This univariate analysis confirms the potential of systemic inflammation indexes in patients with glioblastoma, while the multivariate analysis verifies the prognostic value of NPW/LM and NPM/L.
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1. Introduction


Glioblastoma (GBM) is the most common and most aggressive malignant primary brain tumor in adults, resulting in dire prognoses and mortality rates overlapping the incidence [1]. Although several treatments have been proposed, radio-chemotherapy (RT-CT) with temozolomide has represented the standard of care since 2005; unfortunately, the survival of GBM patients has not significantly improved over the previous decades [2,3,4].



To overcome the limits reached in GBM therapy, one of the main issues to be addressed in neuro-oncology is the lack of biomarkers necessary for planning translational studies. While previous attempts to identify novel radio- and chemo-sensitive biomarkers in GBM have occurred, they were focused on tumor samples and experienced a series of limitations, such as the difficulty of obtaining tumor tissue from all GBM patients [5,6,7,8,9].



As the SI derived from blood cells may potentially integrate the impact of biomarkers derived from tumor tissue, in recent years, they have gained increasing attention in the field of clinical oncology [10,11,12]. Hence, various immune/inflammation blood products have been investigated to create novel prognostic or predictive models in several solid cancers. Within this context, an elevated neutrophil-to-lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio (PLR) has been associated with increased aggressiveness and shorter survival times in numerous solid cancers [13,14]. Recently, a novel index called the systemic immune-inflammation index (SII), which is based on neutrophil (N), platelet (P), and lymphocyte (L) counts, has emerged and reflects comprehensively the balance of host inflammatory and immune statuses [15]. Moreover, literature limited to a few, and very heterogeneous, studies also suggest that the different NLR, PLR, or SII may be associated with the different biology and overall survival in glioblastoma patients [11]. Recently, the dynamic changes in the systemic immune-inflammation index have been associated with the prediction of the prognoses of patients with brain metastases of lung adenocarcinoma who are treated with radiotherapy [16]. Moreover, the SII has been described as an independent prognostic indicator for the characterization and identification of patients harboring NSCLC brain metastases, who are at high risk of recurrence after radiotherapy [17].



Considering the unmet need for novel biomarkers in neuro-oncology, the easy reproducibility of SI, and their low cost and invasiveness, the present retrospective monocentric study aims at assessing the impact of a series of systemic immunity and SI in a homogenous group of patients who have been diagnosed with glioblastoma. Therefore, the scope of this analysis is to integrate tumor tissue’s prognostic power.




2. Materials and Methods


This study represents a retrospective and monocentric study carried out at Pisa University Hospital and approved by the Local Institutional Review Board (Prot. Number 560/2015). All data were retrieved from the Pisa University Hospital dataset. All procedures were conducted according to the ethical standards of the institutional and/or national research committee, and in compliance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.




3. Patients and Systemic Inflammation Indexes


For the present study, we selected patients diagnosed with glioblastoma who were referred to the Pisa University Hospital multidisciplinary team. To make the cohort as homogeneous as possible, we picked out only those patients older than 18 years, with isocitrate dehydrogenase (IDH) 1 and 2 wild-type glioblastomas, a Karnofsky performance status (KPS) at the time of diagnosis of ≥70, available pretreatment complete blood count tests, no history of active immunosuppressive therapies, and who were free of corticosteroid therapy. Methylation of the methyl-guanine-methyltransferase (MGMT) gene promoter was not available for an adequate number of patients, so we decided to exclude this data from the analysis. All patients underwent surgery (gross tumor removal or partial tumor removal (including biopsy)), postoperative radiotherapy (60 Gy/30 fractions, delivered using the volumetric modulated arc therapy technique with concomitant daily temozolomide), and sequential chemotherapy with temozolomide (planned up to 12 cycles). After the diagnosis of disease recurrence, every patient was treated with salvage therapies (second-line chemotherapy, with or without second surgery and/or re-irradiation) or the best supportive care [3,18,19]. The overall survival (OS) rate was calculated from the beginning of radiotherapy until death or the last follow-up. Blood tests performed just before neurosurgery were used to calculate the inflammation indexes. We used the existing inflammatory indexes, such as SII and PLR, alongside novel inflammatory indexes based on blood tests. To calculate SI, the staff at the Department of Clinical Chemistry Laboratory used peripheral blood, drawn into EDTA-K2 tubes using vacuum tube needles. Hematological parameters, such as the total white cell count (W), the differential white cell count (N, L, monocytes M, eosinophils, and basophils), and P count were obtained using a Sysmex XE-2100 (Sysmex, Kobe, Japan) automated blood analyzer and the related reagents, used strictly in accordance with the manufacturer’s instructions.



The normal reference range is 4.0–11.0 1000/mmc for W, 1.80–7.00 1000/mmc for N, 0.90–4.50 1000/mmc for L, 0.1–1.2 1000/mmc for M, and 140–450 1000/mmc for P.



The following formulas were adopted to calculate the inflammation indexes:




	
PLR = P/L



	
PW/L = P × W/L



	
SII = N × P/L



	
NPW/L = N × P × W/L



	
NPM/L = N × P × M/L



	
NPMW/L = N × P × M × W/L



	
NPM/LW = N × P × M/(L × W)



	
NP/LM = N × P/(L × M)



	
NP/(L + M) = N × P/(L + M)



	
NPW/LM = N × P × W/(L × M)



	
NP/WLM = N × P/(W × (L + M))



	
NPW/(L + M) = N × P × W/(L + M)









4. Statistical Analysis


Categorical data were described according to absolute and relative frequency, as continuous data with mean and standard deviations. The median, 25th, and 75th percentile values were identified for each index; therefore, overall survival curves were calculated using the Kaplan–Meier method, while the log-rank test was applied to evaluate the differences between curves. Univariate survival analysis of the predictive continuous factors was performed, and the significant factors were subsequently dichotomized by the quartile method. All the calculated categorical factors were subjected to Cox regression as a part of multivariate survival analysis (adjusting for surgery), using a stepwise method; a hazard ratio with a 95% confidence interval was indicated. The primary endpoint was OS. Because not all patients were evaluated using the RANO criteria, we decided not to use progression-free survival as a secondary endpoint (the time of GBM recurrence may vary, when using different criteria to assess the disease progression). Significance was fixed at 0.05 and all analyzes were carried out by SPSS v.28 technology (IBM Corp, released 2021. IBM SPSS Statistics for Windows, Version 28.0. IBM Corp, Armonk, NY, USA).




5. Results


Data analysis was performed in October 2021. A total of 77 patients, 43 males and 34 females, with a median age of 64 years (age range 26–84), who were treated between October 2010 and July 2020 were included in the present study. After a median follow-up of 23 months (range 3–94 months), the median OS rate was 17 months (95% CI = 15.3–18.7). The patients’ clinical characteristics are reported in Table 1.



In the univariate Cox regression analysis, all indexes except NPW/(L + M) and PW/L showed a statistically significant impact on OS rate (Table 2). In the multivariate Cox regression analysis, NPM/L and NPW/LM maintained their statistically significant impact. The median OS rate in patients with NPM/L ≥1500 was 10 months (95% CI = 3.8–16.2 months), whereas in patients with NPM/L <1500, it was 17 months, p = 0.014, HR 2.98 (95% CI = 1.243–7.161). The median OS rate in patients with NPW/LM ≥5000 was 11 months, whereas it was 18 months in patients with NPW/LM <5000 (95% CI = 15.5–20), p = 0.012, Hazard ratio (HR) 2.411 (95% CI = 1.218–4.771). The data from the multivariate analysis of the two indices remained statistically significant even when assessing the impact of the type of surgery on patient survival. Figure 1 and Figure 2 report the overall survival rate based on NPW/LM and NPM/L value stratification, respectively.




6. Discussion


The identification of biomarkers that are easy to find, less expensive to study, and easily reproducible has the potential to enhance the prognostic stratification of glioblastoma patients. Therefore, the recognition of novel prognostic factors in glioblastoma patients represents a clinical challenge in neuro-oncology. Although the underlying mechanisms are not yet fully known, through the study of blood cells we will be able to level up the research into prognostic and predictive biomarkers in patients with glioblastoma, which are currently limited to the analysis of tumor tissue.



From this perspective, the present study reports a monocentric retrospective analysis aimed at studying the impact of systemic inflammation indexes in patients with glioblastoma. To reduce the biases related to the inhomogeneity of patients, we decided to analyze only adult patients with a pathological diagnosis of IDH 1/2 wild-type glioblastoma and a KPS greater than 70, who were treated with post-operative radio-chemotherapy and temozolomide. By excluding IDH1/2-mutated patients, we reduced the risk of enrolling patients suffering from low-grade glioma with different prognoses, microenvironments, and biology [1,20].



Moreover, we considered the OS rate from the first day of radiotherapy, to reduce the impact of different timings between surgery and the start of radiotherapy. The median OS rate reported in this study is consistent with the literature [2]. We decided not to use progression-free survival as a secondary endpoint, to avoid biases related to the use of different disease assessment criteria (not all patients received radio-chemotherapy after introducing RANO criteria in clinical practice [21]). Further studies carried out on selected patients assessed using the same clinical and radiological criteria to establish disease recurrence will be necessary to investigate the role of SI indexes in Progression Free Survival (PFS). Furthermore, because several physiological and pathological elements can modify the number of circulating blood cells, not all patients affected by glioblastoma will be suitable for the analysis of SI. Therefore, to avoid interferences related to surgical procedures or corticosteroid intake, we analyzed only those patients with blood tests obtained before surgery and the administration of corticosteroids. Indeed, when blood samples obtained before the beginning of radiotherapy were analyzed to calculate SI, interestingly, the effects of tissue repair following surgery (which precedes the start of radiotherapy by 4–6 weeks) prevented us from finding any correlation with the OS rate (data not shown).



In the univariate analysis, all the circulating SI assessed, except for NPW/(L + M) and PW/L, showed an impact on overall survival, then NPW/LM and NPM/L also continued to be statistically significant in the multivariate analysis. Patients with an NPW/LM of ≥5000 had a shorter OS rate (11 vs. 18 months, respectively, p = 0.012), while patients with an NPM/L of ≥1500 had an even shorter survival rate (10 vs. 17 months, respectively, p = 0.014). It is important to note that the data from the multivariate analysis of the two indices remains statistically significant, even when assessing the impact of the type of surgery on patient survival.



All indexes with significant prognostic value for univariate and multivariate analyses had the values of platelets and neutrophils at the numerator. Recently, the role of platelets has been studied in several processes other than hemostasis [22]. For example, the role of platelets has been investigated in the modulation of the immune system and inflammation. Moreover, due to a loop between tumor cells that stimulates platelet production in the hemopoietic marrow through a paracrine way and the platelets themselves, promoting tumor neoangiogenesis and protecting the neoplastic cells from the immune system, the increased number of platelets is supposed to influence cancer progression [23]. Thereafter, an increase in platelet levels contributes to the unfavorable prognoses seen in cancer patients [22]. In patients with a diagnosis of high-grade glioma, an increase in platelets has been observed, compared to blood samples taken 6 months before diagnosis [24]. Furthermore, a preoperative increase in the number of platelets has already been associated with poor prognosis in a series of solid cancers, including glioblastoma [25,26]. In 2020, Marini et al. identified a statistically significant impact on the univariate and multivariate analyses of preoperative platelet counts in 124 glioblastoma patients [27]. Also in the present study, we found that a high platelet value was associated with a worse prognosis. Several patients in this study started prophylactic anticoagulant therapy immediately after surgery. Therefore, it was impossible to assess the correlation between blood platelet levels and thromboembolic events. In addition to the value of the circulating blood platelets, the value of neutrophils may also contribute to the impact of inflammation indexes on OS. It is well established that the main task of neutrophils is related to defense; however, as reported in several studies concerning solid cancers, neutrophil activation plays a leading role in chronic inflammation and tumor progression [28,29]. In our case study, the neutrophil value was present in the indexes of inflammation and was correlated statistically significantly with the OS rate. Our results are in line with a series of clinical studies reporting high blood neutrophil counts in GBM patients, which are associated with a state of immunosuppression, resistance to treatment, and a worse OS rate [14,30,31,32]. Even though the mechanism underlying neutrophilia, the recruitment of neutrophils to the tumor infiltrate, and the interplay between tumor cells and non-tumor cells is not yet well understood, once neutrophils reach the inflamed or damaged site, they are crucial for activating innate and adaptive immunity [32]. By activating a paracrine communication system, the increase of neutrophils in the tumor microenvironment of glioblastoma contributes to reducing the immune response against the tumor and protecting it from medical therapy [8,33]. Moreover, to confirm the link between the number of peritumoral neutrophils and the greater biological aggressiveness of gliomas, patients with IDH-1 wild-type glioma, which is mostly associated with a poorer prognosis, have higher peritumoral neutrophil levels than low-grade, IDH1-mutated gliomas [32,34,35].



To the best of our knowledge, the role of NPM/L and NPW/LM has never been assessed before in patients with glioblastoma, making our results innovative and worthy of further investigation.



The present study evaluated the impact of 12 inflammation indexes in a homogeneous group of glioblastoma patients. Although this study assessed the effect of different inflammation indexes simultaneously for the first time, it still has some limitations. First, the retrospective design and a limited cohort of patients made it impossible to include a few of the clinical parameters related to survival in the multivariate analysis (e.g., MGMT gene methylation and patient age). In addition, the lack of a control group of GBM patients treated without radio-chemotherapy makes it difficult to understand whether the value of these indexes may only be in a prognostic role.




7. Conclusions


Our results confirm the potential of SI indexes in patients with glioblastoma. Prospective studies with a larger sample size may lead to the clinical validation of further novel indexes with greater prognostic power.







Author Contributions


Conceptualization, F.P. (Francesco Pasqualetti), F.P. (Fabiola Paiar), C.G., G.B., P.O. and A.G.N.; methodology, F.P. (Francesco Pasqualetti), F.P. (Fabiola Paiar), G.G., N.G. and M.C.; software, R.M., N.M., P.P., A.P. and P.C.; validation, M.F., E.N., C.S. and G.N.F.; formal analysis, F.P. (Francesco Pasqualetti), F.P. (Fabiola Paiar) and R.M.; inves-tigation, M.C. and A.G.; resources, N.G.; data curation, R.M., C.G., G.P., N.G. and G.G.; writing—original draft preparation, F.P. (Francesco Pasqualetti), C.G. and F.P. (Fabiola Paiar); writing—review and editing, F.P. (Francesco Pasqualetti), C.G., G.L., G.B. and M.F.; visualization, F.P. (Paolo Perrini); supervision, F.P. (Francesco Pasqualetti). All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board (Comitato Etico area Vasta NordOvest Toscana, Prot. Number 560/2015).




Informed Consent Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [Google Scholar] [CrossRef] [PubMed]

	



Stupp, R.; Mason, W.P.; Van Den Bent, M.J.; Weller, M.; Fisher, B.; Taphoorn, M.J.; Belanger, K.; Brandes, A.A.; Marosi, C.; Bogdahn, U.; et al. Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N. Engl. J. Med. 2005, 352, 987–996. [Google Scholar] [CrossRef]

	



Weller, M.; van den Bent, M.; Preusser, M.; Le Rhun, E.; Tonn, J.C.; Minniti, G.; Bendszus, M.; Balana, C.; Chinot, O.; Dirven, L.; et al. EANO guidelines on the diagnosis and treatment of diffuse gliomas of adulthood. Nat. Rev. Clin. Oncol. 2021, 18, 170–186. [Google Scholar] [CrossRef]

	



Wen, P.Y.; Weller, M.; Lee, E.Q.; Alexander, B.M.; Barnholtz-Sloan, J.S.; Barthel, F.P.; Batchelor, T.T.; Bindra, R.S.; Chang, S.M.; Chiocca, E.A.; et al. Glioblastoma in adults: A Society for Neuro-Oncology (SNO) and European Society of Neuro-Oncology (EANO) consensus review on current management and future directions. Neuro-Oncology 2020, 22, 1073–1113. [Google Scholar] [CrossRef] [PubMed]

	



Piccirillo, S.G.M.; Alonso, M.M.; Pasqualetti, F. Basic and Translational Advances in Glioblastoma. BioMed Res. Int. 2018, 2018, 1820345. [Google Scholar] [CrossRef] [PubMed]

	



Pasqualetti, F.; Orlandi, P.; Simeon, V.; Cantarella, M.; Giuliani, D.; Di Desidero, T.; Gonnelli, A.; Delishaj, D.; Lombardi, G.; Sechi, A.; et al. Melanocortin Receptor-4 Gene Polymorphisms in Glioblastoma Patients Treated with Concomitant Radio-Chemotherapy. Mol. Neurobiol. 2017, 55, 1396–1404. [Google Scholar] [CrossRef]

	



Wesseling, P.; Capper, D.W.H.O. WHO 2016 Classification of gliomas. Neuropathol. Appl. Neurobiol. 2018, 44, 139–150. [Google Scholar] [CrossRef]

	



Fanelli, G.; Grassini, D.; Ortenzi, V.; Pasqualetti, F.; Montemurro, N.; Perrini, P.; Naccarato, A.; Scatena, C. Decipher the Glioblastoma Microenvironment: The First Milestone for New Groundbreaking Therapeutic Strategies. Genes 2021, 12, 445. [Google Scholar] [CrossRef]

	



Montemurro, N.; Fanelli, G.N.; Scatena, C.; Ortenzi, V.; Pasqualetti, F.; Mazzanti, C.M.; Morganti, R.; Paiar, F.; Naccarato, A.G.; Perrini, P. Surgical outcome and molecular pattern characterization of recurrent glioblastoma multiforme: A single-center retrospective series. Clin. Neurol. Neurosurg. 2021, 207, 106735. [Google Scholar] [CrossRef]

	



Yan, Q.; Ertao, Z.; Zhimei, Z.; Weigang, D.; Jianjun, P.; Jianhui, C.; Chuangqi, C. Systemic immune-inflammation index (SII): A More Promising Inflammation-Based Prognostic Marker for Patients with synchronic colorectal peritoneal carcinomatosis. J. Cancer 2020, 11, 5264–5272. [Google Scholar] [CrossRef]

	



Wang, D.; Kang, K.; Lin, Q.; Hai, J. Prognostic Significance of Preoperative Systemic Cellular Inflammatory Markers in Gliomas: A Systematic Review and Meta-Analysis. Clin. Transl. Sci. 2019, 13, 179–188. [Google Scholar] [CrossRef] [PubMed]

	



Hiam-Galvez, K.J.; Allen, B.M.; Spitzer, M.H. Systemic immunity in cancer. Nat. Cancer 2021, 21, 345–359. [Google Scholar] [CrossRef] [PubMed]

	



Han, S.; Liu, Y.; Li, Q.; Li, Z.; Hou, H.; Wu, A. Pre-treatment neutrophil-to-lymphocyte ratio is associated with neutrophil and T-cell infiltration and predicts clinical outcome in patients with glioblastoma. BMC Cancer 2015, 15, 617. [Google Scholar] [CrossRef] [PubMed]

	



Clavreul, A.; Lemée, J.-M.; Soulard, G.; Rousseau, A.; Menei, P. A Simple Preoperative Blood Count to Stratify Prognosis in Isocitrate Dehydrogenase-Wildtype Glioblastoma Patients Treated with Radiotherapy plus Concomitant and Adjuvant Temozolomide. Cancers 2021, 13, 5778. [Google Scholar] [CrossRef]

	



Topkan, E.; Besen, A.A.; Ozdemir, Y.; Küçük, A.; Mertsoylu, H.; Pehlivan, B.; Selek, U. Prognostic Value of Pretreatment Systemic Immune-Inflammation Index in Glioblastoma Multiforme Patients Undergoing Postneurosurgical Radiotherapy Plus Concurrent and Adjuvant Temozolomide. Mediat. Inflamm. 2020, 2020, 4392189. [Google Scholar] [CrossRef]

	



Wang, Q.; Tan, X.; Deng, G.; Fu, S.; Li, J.; Li, Z. Dynamic changes in the systemic immune-inflammation index predict the prognosis of EGFR-mutant lung adenocarcinoma patients receiving brain metastasis radiotherapy. BMC Pulm. Med. 2022, 22, 75. [Google Scholar] [CrossRef]

	



Zhang, Y.; Chen, Z.; Jin, F.; Guo, D.; Chen, Q.; Liu, Z.; Ji, S.; Gao, G. The Value of the Systemic Immune-Inflammation Index in Predicting Survival Outcomes in Patients with Brain Metastases of Non-Small-Cell Lung Cancer Treated with Stereotactic Radiotherapy. Mediat. Inflamm. 2021, 2021, 2910892. [Google Scholar] [CrossRef] [PubMed]

	



Perrini, P.; Gambacciani, C.; Weiss, A.; Pasqualetti, F.; Delishaj, D.; Paiar, F.; Morganti, R.; Vannozzi, R.; Lutzemberger, L. Survival outcomes following repeat surgery for recurrent glioblastoma: A single-center retrospective analysis. J. Neuro-Oncol. 2016, 131, 585–591. [Google Scholar] [CrossRef]

	



Pasqualetti, F.; Gonnelli, A.; Molinari, A.; Cantarella, M.; Montrone, S.; Cristaudo, A.; Baldaccini, D.; Mattioni, R.; Delishaj, D.; Mazzotti, V.; et al. Different Timing to Use Bevacizumab in Patients with Recurrent Glioblastoma: Early Versus Delayed Administration. Anticancer Res. 2018, 38, 5877–5881. [Google Scholar] [CrossRef]

	



Louis, D.N.; Perry, A.; Wesseling, P.; Brat, D.J.; Cree, I.A.; Figarella-Branger, D.; Hawkins, C.; Ng, H.K.; Pfister, S.M.; Reifenberger, G.; et al. The 2021 WHO Classification of Tumors of the Central Nervous System: A summary. Neuro-Oncology 2021, 23, 1231–1251. [Google Scholar] [CrossRef]

	



Wen, P.Y.; Macdonald, D.R.; Reardon, D.A.; Cloughesy, T.F.; Sorensen, A.G.; Galanis, E.; DeGroot, J.; Wick, W.; Gilbert, M.R.; Lassman, A.B.; et al. Updated response assessment criteria for high-grade gliomas: Response assessment in neuro-oncology working group. J. Clin. Oncol. 2010, 28, 1963–1972. [Google Scholar] [CrossRef] [PubMed]

	



Lin, R.J.; Afshar-Kharghan, V.; Schafer, A.I. Paraneoplastic thrombocytosis: The secrets of tumor self-promotion. Blood 2014, 124, 184–187. [Google Scholar] [CrossRef] [PubMed]

	



Karpatkin, S.; Pearlstein, E. Role of Platelets in Tumor Cell Metastases. Ann. Intern. Med. 1981, 95, 636–641. [Google Scholar] [CrossRef] [PubMed]

	



Nolte, I.; Przibylla, H.; Bostel, T.; Groden, C.; Brockmann, M.A. Tumor–platelet interactions: Glioblastoma growth is accompanied by increasing platelet counts. Clin. Neurol. Neurosurg. 2008, 110, 339–342. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef]

	



Marini, A.; Dobran, M.; Aiudi, D.; Pesaresi, A.; di Somma, L.G.M.; Iacoangeli, M. Pre-operative hematological markers as predictive factors for overall survival and progression free survival in glioblastomas. Clin. Neurol. Neurosurg. 2020, 197, 106162. [Google Scholar] [CrossRef]

	



Uribe-Querol, E.; Rosales, C. Neutrophils in Cancer: Two Sides of the Same Coin. J. Immunol. Res. 2015, 2015, 983698. [Google Scholar] [CrossRef]

	



Powell, D.R.; Huttenlocher, A. Neutrophils in the Tumor Microenvironment. Trends Immunol. 2015, 37, 41–52. [Google Scholar] [CrossRef]

	



Liang, J.; Piao, Y.; Holmes, L.; Fuller, G.; Henry, V.; Tiao, N.; De Groot, J.F. Neutrophils Promote the Malignant Glioma Phenotype through S100A4. Clin. Cancer Res. 2013, 20, 187–198. [Google Scholar] [CrossRef]

	



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 2015, 5, e1075693. [Google Scholar] [CrossRef] [PubMed]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



Nicolás-Ávila, J.Á.; Adrover, J.M.; Hidalgo, A. Neutrophils in Homeostasis, Immunity, and Cancer. Immunity 2017, 46, 15–28. [Google Scholar] [CrossRef]

	



Sippel, T.R.; White, J.; Nag, K.; Tsvankin, V.; Klaassen, M.; Kleinschmidt-DeMasters, B.; 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. [Google Scholar] [CrossRef] [PubMed]

	



Wang, P.; Song, H.-W.; Cai, H.-Q.; Kong, L.-W.; Yao, K.; Jiang, T.; Li, S.; Yan, C.-X. Preoperative inflammation markers and IDH mutation status predict glioblastoma patient survival. Oncotarget 2017, 8, 50117–50123. [Google Scholar] [CrossRef]








[image: Genes 13 01054 g001 550] 





Figure 1. Survival outcomes, based on NPMW/LM value stratification. 
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Figure 2. Survival outcomes, based on NPM/L value stratification. 
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Table 1. Patients’ clinical characteristics.






Table 1. Patients’ clinical characteristics.





	
Feature

	
Number






	
Gender M/F

	
43/34




	
Median age (years)

	
64 (range 26–84)




	
Second surgery

	
20 (24.3%)




	
Median KPS

	
80




	
Extent of Surgery:

Gross Tumor Removal: 31 (40.2%)

Partial Tumor Removal: 46 (59.8%)




	
MGMT meth.

	
23/34 (67.6%)




	
Blood cells

	
Mean Value




	
White blood cells

	
9.26 (3.55)




	
Red blood cells

	
4.70 (0.50)




	
Hemoglobin

	
13.9 (1.6)




	
Platelets

	
246 (87)




	
Neutrophils

	
6.75 (3.29)




	
Lymphocytes

	
1.96 (1.39)




	
Monocytes

	
0.608 (0.393)




	
Eosinophils

	
0.073 (0.082)




	
Basophils

	
0.016 (0.013)








KPS: Karnofsky performance status scale, MGMT meth.: methyl-guanine-methyltransferase gene methylation; M: male; F: female.
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Table 2. Univariate and multivariate Cox regression analysis, using the stepwise method, of the OS rate’s predictive categorical factors.






Table 2. Univariate and multivariate Cox regression analysis, using the stepwise method, of the OS rate’s predictive categorical factors.





	

	
Univariate Analysis

	
Multivariate Analysis




	
Factor

	
HR

(95% CI)

	
p-Value

	
RC

	
HR

(95% CI)

	
p-Value






	
PLR

(0) ≤ 250 (1) > 250

	
2.402

(1.242–4.644)

	
0.009

	

	

	
0.477




	
PLRW

(0) < 2500 (1) ≥ 2500

	
2.175

(0.965–4.903)

	
0.061

	

	

	
0.363




	
SII

(0) < 1200 (1) ≥ 1200

	
1.848

(1.056–3.234)

	
0.032

	

	

	
0.924




	
NPW/L

(0) < 7500 (1) ≥ 7500

	
1.773

(1.045–3.007)

	
0.034

	

	

	
0.894




	
NPM/L

(0) < 1500 (1) ≥ 1500

	
2.983

(1.243–7.161)

	
0.014

	
1.278

	
3.588

(1.340–9.609)

	
0.011




	
NPMW/L

(0) < 8000 (1) ≥ 8000

	
3.271

(1.269–8.435)

	
0.014

	

	

	
0.538




	
NPM/LW

(0) < 90 (1) ≥ 90

	
2.404

(1.148–5.033)

	
0.020

	

	

	
0.941




	
NP/LM

(0) < 5000 (1) ≥ 5000

	
2.283

(1.179–4.420)

	
0.014

	

	

	
0.748




	
NP/(L + M)

(0) < 1300 (1) ≥ 1300

	
2.263

(1.147–4.463)

	
0.018

	

	

	
0.736




	
NPW/LM

(0) < 5000 (1) ≥ 5000

	
2.411

(1.218–4.771)

	
0.012

	
0.957

	
2.604

(1.233–5.500)

	
0.012




	
NP/LMW

(0) < 1000 (1) ≥ 1000

	
2.147

(1.036–4.450)

	
0.040

	

	

	
0.996




	
NPW/(L + M)

(0) < 2500 (1) ≥ 2500

	
1.852

(0.930–3.689)

	
0.080

	

	

	
0.860




	
Surgery

(0) GTR (1) STR

	
2.235

(1.214–4.117)

	
0.010

	
0.703

	
2.020

(1.081–3.775)

	
0.028
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