

  medicina-60-01792




medicina-60-01792







Medicina 2024, 60(11), 1792; doi:10.3390/medicina60111792




Article



Comparison of Prognostic Values of Seven Immune Indexes in Advanced Non-Small-Cell Lung Cancer Treated with Nivolumab: How Effective Can They Be Regarding Our Treatment Decisions?



Arife Ulas 1,*, Beyza Temel 2 and Fahriye Tugba Kos 3





1



Department of Medical Oncology, University of Health Sciences, Bursa City Education and Research Hospital, 16059 Bursa, Turkey






2



Department of Internal Medicine, University of Health Sciences, Bursa City Education and Research Hospital, 16059 Bursa, Turkey






3



Department of Medical Oncology, University of Health Sciences, Ankara City Education and Research Hospital, 06290 Ankara, Turkey









*



Correspondence: drarifeulas@hotmail.com; Tel.: +90-505-251-96-23; Fax: +90-224-975-00-00







Citation: Ulas, A.; Temel, B.; Kos, F.T. Comparison of Prognostic Values of Seven Immune Indexes in Advanced Non-Small-Cell Lung Cancer Treated with Nivolumab: How Effective Can They Be Regarding Our Treatment Decisions? Medicina 2024, 60, 1792. https://doi.org/10.3390/medicina60111792



Academic Editor: Konstantinos Dimas



Received: 26 September 2024 / Revised: 27 October 2024 / Accepted: 30 October 2024 / Published: 1 November 2024



Abstract

:

Background and Objectives: In this study, we evaluated the impact of seven immune indexes on treatment response and survival outcomes in advanced non-small-cell lung cancer (NSCLC) patients receiving second-line and subsequent nivolumab treatment under real-life conditions. Materials and Methods: The pan-immune inflammation value (PIV), systemic immune inflammation value (SII), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), derived neutrophil-to-lymphocyte ratio (d-NLR), and prognostic nutritional index (PNI) were calculated. All immune indexes were classified as low and high based on cut-off values. Kaplan–Meier and Cox hazard models were used for survival analysis. Results: The median follow-up was 22.0 months (6.0–96.0). The median overall survival (OS) was 30.0 months and the median progression-free survival (PFS) was 7.0 months. In the univariate analysis, comorbidity (p = 0.03) and nivolumab use for more than eight cycles (p < 0.0001) were associated with an increase in PFS, while smoking history (p < 0.005) and d-NLR (p < 0.05) were more effective regarding OS. Patients who received more than eight cycles of nivolumab had longer median PFS (4 vs. 19 months, p < 0.001) and OS (23 vs. 43 months, p < 0.001). We found longer median OS in the PLR (45.7 vs. 75.4 months; p = 0.05), PIV (53.0 vs. 66.4 months; p = 0.19), SII (50.0 vs. 71.9 vs. months, p = 0.19), and NLR (49.9 vs. 74.55 months, p = 0.10) indexes in nivolumab long-term users (high vs. low groups, respectively). In short-term users of nivolumab, only d-NLR median OS (high vs. low, 19 vs. 75.2 months, p = 0.07) was different. Complete and partial response rates to nivolumab treatment were higher in the PNI-high group (p = 0.04). Conclusions: In these real-life data, we determined that the PLR, PIV, SII, and NLR indexes were effective in the prognosis of patients who received PD1 inhibitor nivolumab for a long time, and the d-NLR index was effective in those who developed progression in a short time. We found that the PNI was effective in patients who responded well to ICI treatment.
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1. Introduction


Lung cancer constitutes a significant portion of cancer-related deaths. When GLOBOCAN 2022 data are evaluated, lung cancer ranks first among all cancers in terms of both incidence (12.4%) and mortality (18.7%) [1]. Thanks to recent advances in molecular biology, the use of on-target therapies, immunotherapy (ICI), and immunotherapy + chemotherapy (CT) combinations have significantly improved survival in non-small-cell lung cancer. The greatest success in cancer treatment in the last decade is undoubtedly the discovery of T cell-targeted immunomodulators that inhibit immune checkpoints such as Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), programmed death receptor-1 (PD-1), and programmed death ligand 1 (PD-L1) [2].



Cancer immunotherapy aims to utilize the ability of the immune system to recognize and destroy cancer cells. PD-1, a type I transmembrane protein, is found in naturally activated T cells, B cells, natural killer cells, macrophages, dendritic cells, and monocytes. As a result of its association with PD-L1 on the surface of the antigen-presenting cell (APC), the T cell response and anti-apoptotic processes are inhibited [3]. Nivolumab, a PD-1 inhibitor developed to prevent the immune escape mechanism, showed a survival benefit in a comparative study with docetaxel in patients who developed progression after second-line platinum-based chemotherapy combinations (9.2 vs. 6 months, HR: 0.59) [4]. Pembrolizumab has been the standard of care in the first-line setting in aNSCLC with PD-L1 > 50% [5]. Currently, combinations of ICIs with chemotherapy and bevacizumab, as well as the anti-CTLA-4 agent ipilimumab and nivolumab regimens, have shown survival benefits compared to standard therapy and have emerged as first-line treatment options in advanced NSCLC [6].



Despite the survival benefit achieved with ICIs, only a proportion of patients achieve a durable clinical benefit from their ICI. To determine patients who respond well to immunotherapy, the identification of predictive or prognostic indexes is a critical aspect of clinical trials. Tumor mutational burden (TMB), PD-L1 expression, and immunoinflammatory markers are commonly used biomarkers to predict patients’ responses to ICIs [7]. These biomarkers have yielded contrasting results in some clinical trials: a considerable proportion of patients responded to these agents even in the absence of PD-L1 expression [4,8]. However, these markers are difficult to apply in the clinic due to their high cost and high expertise requirements. Therefore, several different markers of serum inflammation based on inflammation have been developed due to the interaction between systemic inflammation, the immune system, and immunotherapy. Inflammation-based scores such as neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), and derived neutrophil-to-lymphocyte ratio (d-NLR) have attracted attention due to their potential as prognostic indicators in various cancers [9,10]. Some systemic inflammation indicators such as high d-NLR and high PLR are related to poor response to both nivolumab and CT in NSCLC [11]. Systemic immune inflammation index (SII), pan-immune inflammation value (PIV), and prognostic nutritional index (PNI) results have been reported in patients with various cancers (lung cancer, gastrointestinal carcinomas, kidney cancer, breast cancer, malign melanoma, prostate cancer, etc.) [9,10,12,13]. PIV has been found to outperform other well-established immune biomarkers such as NLR and PLR in predicting patient outcomes [13]. Based on the relationship between cancer, nutrition, and inflammation, the PNI has been shown to predict the survival of patients with solid tumors including colorectal and NSCLC [14,15].



Studies over the last 20 years have shown that inflammatory immune cells are the main players in cancer-induced inflammation and have highlighted their role at different stages of the disease. In 1863, Virchow first proposed the hypothesis that cancer develops as a result of inflammation, the mechanism of which is not yet understood, and this hypothesis has formed the basis for understanding the relationship between cancer development and chronic inflammation [16]. The inflammatory response that occurs in the tumor microenvironment enables the recruitment of cell types such as macrophages, myeloid-derived suppressor cells, and mesenchymal stem cells. The reciprocal relationship between tumor cells and the surrounding stromal cells promotes tumor progression and creates a dynamic extracellular matrix suitable for invasive tumor cells [17]. In tumor-associated inflammation, peripheral blood cells such as neutrophils, platelets, and monocytes play a role in tumor progression by secreting pro-tumor cytokines that cause angiogenesis, invasion, and immunosuppression [18]. Lymphocytes, on the other hand, suppress tumor formation, and mediate the antitumor effects of CD8+ and CD4+ T cells in the tumor microenvironment [19]. Composite biomarkers such as NLR, PLR, MLR, and d-NLR include only two parameters, while SII consists of three parameters and PIV consists of four parameters. PIV is a four-cell biomarker of (PIV = Monocytes × SII) whose systemic immune inflammation index reflects the reformulated systemic and intra-tumoral inflammatory/immune system status [12].



Inflammation-based scores reflect many biological changes, including the host, tumor, and tumor microenvironment, and the impact of systemic inflammation on various aspects of patient physiology. In our daily practice, cost-effective, easy-to-calculate biomarkers that can be applied in a time that does not delay the treatment process are very important to predict patient survival and treatment response and facilitate treatment planning. Blood cell count is an easy-to-obtain, repeatable, and cost-effective index to represent the status of host immune inflammation.



In the present study, we assessed the prognostic impact of seven immune indexes based on immune inflammation in patients with NSCLC treated with second-line or single-agent nivolumab therapy using real-life data. In our data, instead of focusing on a single biomarker, we planned to evaluate seven immune indexes separately. We evaluated the contribution of binary parameters such as NLR, PLR, MLR, d-NLR, as well as PIV, a comprehensive marker including SII and four blood cells, and PNI scores, an indicator of nutrition and inflammation, in our daily practice in terms of individualized treatment planning.




2. Materials and Methods


Study Design and Data Collection


This study was performed at the Department of Medical Oncology in the Bursa City Teaching and Research Hospital of the University of Health Sciences between October 2019 and March 2024. This research was a retrospective and single-center study. This research was approved by the local ethical committee and carried out in accordance with the ‘Declaration of Helsinki’.



A total of 436 NSCLC patients were reviewed. Patients were histologically diagnosed with NSCLC and staged using tumor–node–metastasis (TNM) criteria. The study included 104 patients with advanced NSCLC treated with nivolumab treatment (3 mg/kg, every 2 weeks) in the second line or beyond. Patients were excluded if they (1) had SCLC or did not have a primary diagnosis of lung cancer; (2) could not give detailed clinical data; (3) had missing laboratory data; (4) had clinical proof of active infection or inflammation; (5) had hematological disease and previous or ongoing autoimmune disorder; (6) had had pulmonary embolism, a severe acute myocardial infarction, or any cerebrovascular accident within one month; or had (7) oncogene-addicted malignancies (EGFR mutations, ALK mutations, ROS mutations, and Braf mutations).



Baseline characteristic data were collected, including age at treatment initiation, sex, performance status (Eastern Cooperative Oncology Group/ECOG), smoking history, tumor histology, stage at treatment initiation, prior lines of therapy, ICI therapy, and time on therapy. Data on the type of CT regimen and number of CT cycles were collected. Laboratory findings before nivolumab treatment (neutrophil count, platelet count, monocyte count, lymphocyte count, and albumin level) were recorded. The cases were staged according to the TNM system. Therapeutic responses were assessed using the Response Evaluation Criteria in Solid Tumors guidelines (version 1.1) every 10 ± 2 weeks. While assessing the treatment response, the RECIST criteria identified by the World Health Organization were taken into account. Overall survival (OS) was calculated from the beginning of nivolumab treatment to either the date of death for any reason or the date of the last follow-up. Progression-free survival (PFS) was calculated as the interval between the starting of nivolumab therapy and the progression of the disease, recurrence, or death for any reason.



The immune-inflammation-based indexes evaluated in our study were determined by the definitions and calculation methods in the literature. Neutrophil-to-lymphocyte ratio (NLR) was calculated as neutrophil count/lymphocyte, and platelet-to-lymphocyte ratio (PLR) was calculated as platelet count/lymphocyte count. Monocyte-to-lymphocyte ratio (MLR) was calculated as monocyte count/lymphocyte count, and derived neutrophil-to-lymphocyte ratio (d-NLR) was calculated as neutrophil count/(leucocytes count − neutrophil count). Pan-immune-inflammation value (PIV) was calculated as (neutrophil count × platelet count × monocyte count)/lymphocyte count. Systemic immune-inflammation value (SII) was calculated as (neutrophil count × platelet count)/lymphocyte count. The prognostic nutritional index (PNI) was measured using the following formula: 10 × serum albumin level (g/dL) + 0.005 × total lymphocyte count (per mm3). At baseline, the cut-off values for NLR, PLR, MLR, d-NLR, PIV, SII, and PNI as binary variables were truncated according to the receiver operating characteristic (ROC) curve.





3. Statistical Analysis


Median (interquartile range (IQR)) or mean ± standard deviation (SD) for continuous variables and percentages for categorical variables were used to describe the data. After the descriptive statistics, the Mann–Whitney U test was used to compare variables that did not show a normal distribution between the groups, and the Student T test was used to compare variables that showed a normal distribution. Chi-square and Fisher’s exact test were utilized to compare categorical data between the groups. Cut-off values were calculated by using AUC values with ROC analysis for prediction of mortality and recurrence for continuous variables. Patients were grouped as high- and low-risk according to these cut-off values. The sensitivity and specificity of the seven immune indexes for prognosis estimation were examined using a time-dependent (ROC) curve in Version 8.0.0, for windows. Kaplan–Meier estimates were used for survival analyses. Cox proportional hazard regression models were utilized for multivariate analysis of OS and PFS. To estimate independent variables for OS and PFS, regression models were constructed using the statistically significant variables in univariate survival analyses. A p-value less than 0.05 was accepted as statistically significant. All statistical analyses were carried out using SPSS 22.0 (IBM, Armonk, NY, USA).




4. Results


4.1. Patients


In our study, the median age was 62 years (range 39–82) and 68.3% of the cases were younger than 65 years. In total, 90.4% were male and 55.8% were ECOG PS 1. Overall, 95% of patients were smokers and 53.8% had non-squamous carcinoma. In total, 61.5% of our patients had at least one comorbid condition. Overall, 19 patients had diabetes mellitus, 22 patients had hypertension, 21 patients had coronary artery disease, 19 patients had chronic obstructive pulmonary disease, and 18 patients had compensated chronic renal failure. Overall, 72 (69.3%) patients had undergone testing for tumor PD-L1 expression; 23.1% and 46.2% of patients tested positive and negative for PD-L1, respectively. In 12.5% of the patients, the PD-L1 expression rate was found to be greater than 50%. Among non-squamous patients, 12.5% were KRAS-mutated and 3.5% were found to have the Her2 mutation. The rate of patients who were metastatic at the time of diagnosis was 88.5%, and the sites of metastasis were bone, the adrenal glands, the brain, and the liver. The baseline characteristics of patients and the median value of immune scores are listed in Table 1.




4.2. Treatments


Overall, 86.6% of the patients received nivolumab in the second line and 13.4% received it after the second line. The median number of nivolumab cycles administered was 8 (range 4–48). In terms of response rates of nivolumab treatment, 4.8% had complete response, 35.6% had partial response, 18.3% had stable disease, and 33.7% had progression. For first-line treatment, platinum-based chemotherapy could be applied to 91.4% of all patients; 47.1% had received carboplatin plus paclitaxel, 9.6% had received cisplatin plus docetaxel, 26% had received platinum plus gemcitabine, and 5.8% had received platinum plus pemetrexed. In total, 8.6% of patients had received only single-agent gemcitabine chemotherapy. After first-line chemotherapy, complete response was obtained in 2.9% of patients, partial response in 58.7% of patients, progression in 27.9% of patients, and stable response in 8.7% of patients.




4.3. Analysis of Immune Indexes (PIV, SII, NLR, PLR, MLR, d-NLR, and PNI)


All immune indexes were categorized as low and high according to cut-off values. These were PIV-low (≤669.6), PIV-high (>669.6), SII-low (≤753.5), SII-high (>753.5), NLR-low (≤3.03), NLR-high (>3.03), PLR-low (≤166.9), PLR-high (>166.9), MLR-low (≤0.44), MLR-high (>0.44), d-NLR-low (≤1.85), d-NLR-high (>1.85), PNI-low (≤40.08), and PNI-high (>40.08).



ROC curve statistics revealed the following values: PIV (AUC 0.62; 95% CI: 0.51–0.73, p = 0.03, sensitivity 61%, specificity 58%), SII (AUC 0.60; 95% CI: 0.49–0.71, p = 0.04, sensitivity 61%, specificity 58%), NLR (AUC 0.61; 95% CI: 0.50–0.72, p = 0.04, sensitivity 66%, specificity 60%), PLR (AUC 0.62; 95% CI: 0.43–0.66, p = 0.03, sensitivity 61%, specificity 53%), MLR (AUC 0.63; 95% CI: 0.52–0.73, p = 0.02, sensitivity 61%, specificity 54%), d-NLR (AUC 0.61; 95% CI: 0.48–0.70, p = 0.04, sensitivity 62%, specificity 60%), and PNI (AUC 0.60; 95% CI: 0.35–0.69, p = 0.04, sensitivity 60%, specificity 56).




4.4. Relationship Between Clinicopathological Characteristics and Immune Indexes


There were differences between the two groups in terms of PIV between low and high immune inflammation indexes according to histopathologic subtypes (p = 0.05), NLR (p = 0.01), PLR (p = 0.05), MLR (p = 0.02), and d-NLR (p = 0.04). The rates of the high groups of these indexes were higher in the squamous group and were found to be PIV-high (61.7%), NLR-high (66.0%), PLR-high (66%), MLR-high (66%), and d-NLR-high (62.5%), respectively. In the non-squamous group, the rates of the low groups of these indexes were higher and were found to be PIV-low (56.4%), NLR-low (58.2%), PLR-low (52.7%), MLR-low (56.4%), and d-NLR-low (57.2%), respectively. Apart from the histopathological subtypes, in terms of comorbidity, there were comorbidities in patients with PIV-low (69.4%), while 28 (52.8%) patients with PIV-high had comorbidities. There was a difference in the distribution of the groups, but it was not statistically meaningful (p = 0.08). For BMI, 25 (51.0%) patients with the SII-low index had a low BMI, while 35 (66.0%) patients with the SII-high index had a low BMI (p = 0.09). When ECOG PS was examined, 23 (48.9%) patients in the MLR-low group had ECOG 1-2, while 40 (72.7%) patients in the MLR-high group had ECOG PS 1-2 (p = 0.01). There was no difference between the low and high immune inflammation indexes with smoking in PIV (p = 0.81), SII (p = 0.67), NLR (p = 0.67), PLR (p = 0.74), MLR (p = 0.67), d-NLR (p = 0.30), and PNI (p = 0.83). There was no difference between the low and high groups in terms of clinicopathologic features in other indexes.




4.5. Survival Analyses of Clinicopathological Characteristics and Immune Indexes


The median follow-up period was 22.0 months (6.0–96.0). Median OS for all patients was 30.0 months (95% CI: 22.0–37.0) and median PFS was 7.0 (95% CI: 5.1–8.8) months. Median OS in patients with de novo metastases was 25 months (95% CI: 23.3–26.6), while OS in patients with metastases during follow-up was 60.0 months (95% CI: 32.8–71.4) (p = 0.04). Median OS in women was 39 months, while it was 25.0 months in men (p = 0.07). Median PFS was shorter in non-smokers compared to smokers (5 vs. 9 months, p = 0.06). Median OS was shorter in non-smokers compared to smokers (24 vs. 31 months), but statistical significance was not achieved (p = 0.10). Median OS was 33 months (95% CI: 18.2–47.7) in non-squamous cases and 25 months (95% CI: 17.2–32.7) in squamous cases, but statistical significance was not achieved (p = 0.23).



Although there was a difference in median OS between the low and high groups for all immune inflammation indexes, statistical significance was not obtained. PIV (36 vs. 24 months, p = 0.16), SII (36 vs. 24 months, p = 0.15), NLR (36 vs. 25 months, p = 0.10), PLR (33 vs. 24 months, p = 0.19), MLR (38 vs. 25 months, p = 0.31), d-NLR (36 vs. 25 months, p = 0.29), and PNI (25 vs. 31 months, p = 0.85) did not achieve statistical significance. For median PFS, although there was a difference between the low and high groups in NLR (10 vs. 6 months, p = 0.54), MLR (9 vs. 6 months, p = 0.30), and d-NLR (9 vs. 6 months, p = 0.10), statistical significance was still not achieved.



In univariate analysis, only the presence of comorbidity (p = 0.03) and eight cycles of nivolumab (p < 0.0001) were associated with an increase in PFS, while smoking history (p < 0.005) and d-NLR (p < 0.05) were associated with an increase in OS (Table 2) (Figure 1, Figure 2). No statistical significance was obtained in the multivariate analysis.



When nivolumab treatment was categorized according to the median number of cycles (eight cycles), it was statistically meaningful for both PFS (4 vs. 19 months, p < 0.001) and OS (23 vs. 43 months, p < 0.001). Statistical significance was found for PLR (low vs. high, 75.4 vs. 45.7 months; p = 0.05) according to median OS in those receiving nivolumab > 8 cycles. There were also differences in PIV (low vs. high, 66.4 vs. 53.0 months; p = 0.19), SII (low vs. high, 71.9 vs. 50.0 months, p = 0.19), and NLR (low vs. high, 74.55 vs. 49.9 months, p = 0.10), although not statistically significant (Figure 3). In short-term nivolumab users, a difference was only found between d-NLR low and high groups (median OS: 24 vs. 19 months, p = 0.07) (Figure 4). In patients who achieved complete and partial response to nivolumab treatment, differences were observed in PIV (p = 0.52), SII (p = 0.52), NLR (p = 0.87), PLR (p = 0.48), MLR (p = 0.48), and d-NLR (p = 0.36), even though they were not statistically significant. In particular, in the PNI-high group, complete and partial response rates were high and showed a significant difference (p = 0.04) (Figure 5).



Nivolumab-related grade 2 or higher toxicities were observed in 56.7% of patients. These included endocrine dysfunction (14.6%) and fatigue (12.4%), with hypothyroidism being the most common. Other adverse reactions included weight loss (6.4%), rash (5.9%), pneumonitis (5.9%), GIS (3.8%), hepatotoxicity (4.8%), neurological findings (4.4%), and pericarditis/myocarditis (2.9%). Four patients discontinued treatment due to nivolumab-related toxicity (two patients due to neurological findings and two patients due to pneumonitis). There was no difference between the low and high immune inflammation indexes with immune-related adverse events in PIV (p = 0.30), SII (p = 0.30), NLR (p = 0.65), PLR (p = 0.27), MLR (p = 0.50), d-NLR (p = 0.39), and PNI (p = 0.26).





5. Discussion


Today, thanks to advances, we have learned that chronic inflammation and the avoidance of immune surveillance are essential features of cancer cells. Subsequently, ICIs, the shining star of the last decade, have been observed to significantly improve the therapeutic landscape of aNSCLC and prolong survival. However, in daily practice, it is crucial to determine the group of patients who respond to ICIs, especially in centers with high patient turnover.



Here, we calculated seven immune indexes based on the levels of neutrophils, lymphocytes, platelets, leukocytes, monocytes, and albumin in the peripheral blood of patients before immunotherapy treatment. We searched for an answer to the question of which immune index could be most easily and effectively used to better and quickly determine patients who would benefit from ICI therapy in our daily practice. Our results showed that these seven immune indexes, which are both easy and cost-effective, may be useful in predicting survival prognosis and treatment response in patients receiving long-term ICI.



In our study, in patients who received nivolumab treatment in the second line and beyond, regardless of pre-treatment PDL-1 IHC status, survival improved considerably in the group that benefited from treatment. In this study, we found a non-statistically significant difference in OS between the low- and high-immune index groups. However, we detected the effect of PIV, SII, PLR, and NLR in patients who received nivolumab for a long time, and d-NLR in those who received it for a short time. In non-squamous histology, median OS was longer in the lower groups of the PIV, NLR, PLR, and d-NLR indexes. On the other hand, PNI was more significant than other indexes in assessing treatment response in patients receiving ICIs.



Mediators and cellular effectors of inflammation are important components of the tumor microenvironment [20]. Genetic and epigenetic changes are required for tumor development and growth. An inflammatory component is present in the microenvironment of tumors that are epidemiologically unrelated to inflammation. An intrinsic (driven by genetic events that cause neoplasia) and extrinsic (driven by inflammatory conditions that predispose to cancer) pathway links inflammation and cancer [21]. The persistence of systemic inflammation is related to poor outcomes in many types of cancer, including NSCLC [9,10,11,12,13,14,15,22]. NLR has been suggested to better reflect the homeostasis between pro- and antitumor activity of the host immune system [23]. Neutrophils are the most abundant immune cells in circulation and their involvement in different stages of cancer progression supports the fact that neutrophil-containing indexes provide more meaningful results [24]. An increase in neutrophil numbers triggers the release of significant amounts of reactive oxygen and nitric oxide species, potentially leading to the deterioration of T cell function [25]. A high NLR and high absolute neutrophil count (ANC) have been related to worse prognosis and less response to conventional therapies in NSCLC [26]. The NLR has been studied in patients who have been treated with ICIs for different types of cancer, and a number of threshold values have been proposed [9,11,27]. On the other hand, not only the pretreatment NLR but also the variation in NLR throughout the treatment period has been shown to correlate with survival outcomes [28]. In 54 NSCLC patients treated with anti-PD-1, an NLR > 5 assessed at baseline and week 6 was significantly associated with lower RR, shorter PFS, and worse OS [29]. A high d-NLR has also been associated with poor survival [30] and hyperprogressive disease [31] in NSCLC patients treated with ICIs.



The link between the NLR and the outcome of cancer is likely to be due to tumor-associated changes in the immune system. The enzymes elastase, cathepsin G, and MMP9 secreted by neutrophils have been associated with progression in metastatic disease [32,33]. Neutrophil elastase directly induces tumor cell proliferation in both human and mouse lung adenocarcinomas by providing access to an endosomal compartment within tumor cells, where it cleaves insulin receptor substrate-1 (IRS-1). Immunoprecipitation studies showed that neutrophil elastase enhanced the interaction between phosphatidylinositol 3-kinase (PI3K) and the potent mitogen platelet-derived growth factor receptor (PDGFR), thereby tilting the PI3K axis towards tumor cell proliferation [34,35]. In addition, a high NLR reflects decreased lymphocyte-mediated immunity (with an altered CD4+ helper/CD8+ suppressor ratio) and increased production of inflammatory agents such as vascular endothelial growth factor (VEGF), which promote tumor growth [36].



In our study, both pre-treatment NLR-high (>3.03) and d-NLR-high (>1.85) were related to poorer PFS and OS. In univariate analysis, d-NLR was found to be more meaningful than other indexes in relation to OS. In patients who had received fewer than eight cycles of nivolumab, it was found that survival was worse in the group with a high d-NLR. This led us to ask whether d-NLR could be a more predictive immune score in patients with rapid progression under nivolumab. In addition, an important result was that complete and partial response rates were higher in patients with low-d-NLR. Furthermore, both high-NLR and high-d-NLR rates were higher in the squamous histology group. In addition to these indexes, high-PIV, high-PLR, and high-MLR rates were also more frequently detected in squamous histology. As a reflection of these results, OS in squamous histology was found to be shorter than in non-squamous, although not significantly. However, we know from meta-analyses that increased TMB, increased PD-L1 expression, tumor-infiltrating lymphocytes (TILs) in the tumor microenvironment (TME), chemokines, and organic driver alterations contribute to the response to ICIs in squamous NSCLC [37]. However, in some phase III randomized trials, ICIs were effective in both squamous and non-squamous types, but the results are variable. Nivolumab was found to be effective in both squamous and non-squamous types in the CheckMate 017 and CheckMate 057 studies in terms of PFS, OS, and ORR [38,39]. However, in the second-line study, ICIs were less effective in squamous-type than in non-squamous NSCLC in the Keynote 010 study (HR, 0.74 vs. 0.63) [7]. In the OAK study, OS results in patients given atezolizumab in the second line were similar in both histological types, independent of PDL-1 and histology [8]. In the Pacific study, non-squamous type, younger age, and female sex were shown to be favorable prognostic factors for OS [40].



Lately, an elevated PLR has been shown to be tightly associated with worse prognosis in a number of solid tumors [41]. Platelets cause epithelial–mesenchymal transition in tumor cells and contribute to metastasis. High platelet counts play an important role in inflammation, tissue remodeling, and tumor progression [42,43]. In particular, IL-6, an inflammatory cytokine, and vascular endothelial growth factor (VEGF) secreted by tumor cells have been shown to stimulate megakaryocyte differentiation and promote tumor growth [43,44,45]. In NSCLC patients treated predominantly with nivolumab, a higher PLR correlated with worse OS [46]. In our study, we also determined the prognostic effect of high-PLR (>166.9) and its association with shorter survival, especially in patients receiving long-term nivolumab treatment. In our study, PLR was efficient in patients with complete and partial response to nivolumab treatment. A meta-analysis reported that pretreatment PLR is a routine potential prognostic factor and may have a predictive role in patient survival [47].



In our study, PIV and SII (high-PIV > 669.6 and high-SII > 753.5), which include multiple parameters, were associated with shorter OS and PFS, albeit partially, in all of our patients. We also found that these two indexes affected survival in our patients receiving long-term nivolumab. In a major study, PIV was reported to have a greater relative effect on OS and PFS than NLR and SII [12]. PIV was found to outperform other well-established immune biomarkers such as NLR and PLR in predicting patient outcomes [13]. Another study in patients treated with ICI showed that a high PIV is related to poorer PFS and OS compared to SII, NLR, PLR, MLR, and d-NLR [48]. High PIV and high SII findings might be linked to worsening PFS and OS outcomes, decreased immunogenic lymphocyte counts, and higher inflammatory and immunosuppressive monocyte, platelet, and neutrophil counts. Although PIV may capture the complexity of the immune environment more comprehensively than individual blood cell parameters or other combined statistics, our study did not demonstrate superiority over other parameters.



In general, systemic inflammation and nutrition play crucial roles in cancer development, therapeutic effects, and cancer cachexia [49]. Similar to our result, previous trials have revealed that PNI based on albumin levels predicts survival of patients with solid cancers such as colorectal, esophageal, and NSCLC [14,50,51]. In our study, PNI showed significant differences compared with other immune indexes in patients with complete response and partial response to nivolumab treatment (p = 0.04). Most studies have shown possible relationships between chronic, systemic inflammatory responses caused by low serum albumin levels, impaired cellular immune response, and tumor cachexia [14,15,49,50,51]. We can speculate that the assessment of nutritional status and muscle mass of patients may predict the response to ICIs.



In our study, median OS (p = 0.005) and PFS (p = 0.06) were observed to be longer in smokers. In some studies, similar to our results, it has been reported that patients who are former/current smokers benefit more from ICIs compared to non-smokers [52,53]. Smoking-induced NSCLC is generally associated with elevated PD-L1 expression and elevated TMB levels [54]. We know that ICI treatment results in greater expression of neoantigens, which can enhance the anticancer immune response.



In our study, immune-related adverse events (irAEs) were noted in 56.7% of patients. Although dermatological toxicity was less than in the literature, hypothyroidism was found frequently. Instead of acute nausea, vomiting, and myelosuppressive effects which are frequently observed in cytotoxic chemotherapies, late-onset, inflammatory, or autoimmune-related adverse event profiles are more prominent in immunotherapies [55]. When patients with NSCLC receive immunotherapy for the first time, the body’s immune and inflammatory responses are most intense [56]. The main mechanism of the occurrence of irAEs is thought to be damage to their tissues due to the activation of lymphocytes reacting with their antigens following administration of ICIs [6]. The relationship between a lower NLR and higher incidence of irAEs has been reported previously [57]. In addition, the predictive value of NLR, LDH, and PNI on PFS, OS, or irAEs has been reported [58]. In 269 aNSCLC patients, the change in PIV at baseline and weeks 3–4 was shown to be associated with OS, PFS, and irAEs [48]. However, we could not show a relationship between the seven immune indexes and side effects. We thought that the number of patients with side effects and the fact that the number was further reduced when we grouped them within themselves may have affected our results. Especially in our patient groups who used nivolumab for a long time, we think that the longer the follow-up period, the greater the exposure, and accordingly the changes in the number of immune cells may affect the results. We hope that we will encounter different results in longer follow-up periods



The majority of our patients had ECOG PS 1, and at least one comorbid condition. A poor ECOG PS probably leads to less benefit from ICIs due to a frail immune system with reduced functional lymphocytes and a shorter life expectancy. Therefore, patients with a poor ECOG PS are usually excluded from ICI trials and are also underrepresented in studies designed for special populations that are not usually included in clinical trials [59]. In our study, patients who received at least four administrations of nivolumab and who underwent at least one response assessment were included. The proportion of patients with ECOG PS 2 was lower. Due to the lack of general health insurance reimbursement for ICI treatments in the first line in our country, our study included patients who received nivolumab only in the second line and beyond.



Our study was a single-center study and laboratory tests and imaging methods were performed in the same center. All consecutive NSCLC patients treated with nivolumab were entered into the study, limiting potential selection bias. We know that the true values are heterogeneous and the rates of variation increase between different centers. The single-center nature of our study was an advantage in terms of more homogeneity in terms of laboratory parameters and patient responses. To reduce the effect of changes on laboratory values, we included only laboratory data collected in the last week before starting nivolumab. Secondly, PD-L1 IHC status was only available in a fraction of patients as it was not routinely assessed during treatment.



There are some limitations of our study. The first is the retrospective design of the analysis, which may have revealed potential biases and confounding factors, and the importance of subgroup analysis based on the small sample size is limited. Many clinical indicators, concomitant diseases, complications, and even the process of processing clinical specimens can affect the serum concentration of each index. Standardized cut-off values for inflammation indexes in peripheral blood are still not available. The cut-off values we obtained may not be valid for all patients and should be confirmed in a large sample size, excluding further confounding factors. Even a single baseline indicator may contain errors. Cancer is a progressive disease, and we think that inflammatory and immune status can be evaluated more accurately with not only initial parameters but also parameters performed at regular intervals. In addition, the inevitable variation in salvage therapies may have positively or negatively affected the results of each group. An additional drawback of our study is the lack of a control arm, which leads to the conclusion that all these indexes are prognostic rather than predictive for immunotherapy.



We determined that seven immune indexes, along with NLR and d-NLR, which are the main specific parameters of the balance between immunity and inflammation, have specific clinical value in the immunotherapy treatment responses of patients with NSCLC receiving immunotherapy. We found that PIV, SII, PLR, and NLR are effective in long-term response to treatment, while the d-NLR immune index can guide us in patients with short-term progression. The relationship between the PNI immune score and very good response to ICI treatment supported the relationship between immunity–nutrition and treatment responses with real-life data. The high immune indexes in squamous histology (especially NRL, d-NLR, PLR, and PIV) suggest that the relationship between histological types and the immune system requires a clearer explanation.



In conclusion, in this era of rapidly increasing cancer incidence, these simple and easily accessible indexes will help to predict treatment response in crowded oncology clinics. Larger-scale, longer-term, and more homogenous studies are needed to determine which index is more efficient in estimating the level of systemic inflammation and prognosis in specific cancer types. The mechanisms underlying inflammatory indexes in peripheral blood to determine the efficacy and outcomes of immunotherapy remain unclear. We need new models that combine clinical data with ongoing radiomics and proteogenomic studies, facilitating rapid clinical decision-making. A novel immune–nutritional index, including five parameters (i.e., neutrophils, monocytes, platelets, lymphocytes, and albumin) in addition to other predictive biomarkers, may contribute to the prognostic value in NSCLC patients receiving treatment with ICIs.







Author Contributions


Conceptualization, A.U.; methodology, A.U. and F.T.K.; software, A.U. and B.T.; validation, A.U. and F.T.K.; formal analysis, A.U. and F.T.K.; investigation, A.U.; resources, A.U. and B.T.; data curation, A.U. and B.T.; writing—original draft preparation, A.U.; writing—review and editing, A.U. and F.T.K.; supervision, A.U. And F.T.K.; project administration, A.U. and F.T.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


This study was conducted in accordance with the Helsinki Declaration Principles and ethics committee approval was obtained from the Ethics Committee of the University of Health Sciences, Bursa City Education and Research Hospital, on 29 May 2024 (Approval number: 2024-9/16).




Informed Consent Statement


The Ethics Committee of the University of Health Sciences, Bursa City Education and Research Hospital waived the need for ethics approval and the need to obtain consent for the collection, analysis, and publication of the retrospectively obtained and anonymized data for this non-interventional study.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Bray, F.; Laversanne, M.; Sung, H.; Ferlay, J.; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2024, 74, 229–263. [Google Scholar] [CrossRef]

	



Liao, D.; Yu, L.; Shangguan, D.; Zhang, Y.; Xiao, B.; Liu, N.; Yang, N. Recent Advancements of Monotherapy, Combination, and Sequential Treatment of EGFR/ALK-TKIs and ICIs in Non-Small Cell Lung Cancer. Front. Pharmacol. 2022, 13, 905947. [Google Scholar] [CrossRef] [PubMed]

	



Raju, S.; Joseph, R.; Sehgal, S. Review of checkpoint immunotherapy for the management of non-small cell lung cancer. ImmunoTargets Ther. 2018, 7, 63–75. [Google Scholar] [CrossRef] [PubMed]

	



Kazandjian, D.; Suzman, D.L.; Blumenthal, G.; Mushti, S.; He, K.; Libeg, M.; Keegan, P.; Pazdur, R. FDA Approval Summary: Nivolumab for the Treatment of Metastatic Non-Small Cell Lung Cancer with Progression on or After Platinum-Based Chemotherapy. Oncologist 2016, 21, 634–642. [Google Scholar] [CrossRef] [PubMed]

	



Reck, M.; Rodríguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al. KEYNOTE-024 Investigators. Pembrolizumab versus Chemotherapy for PD-L1–Positive Non–Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823–1833. [Google Scholar] [CrossRef]

	



Guo, X.; Chen, S.; Wang, X.; Liu, X. Immune-related pulmonary toxicities of checkpoint inhibitors in non-small cell lung cancer: Diagnosis, mechanism, and treatment strategies. Front. Immunol. 2023, 4, 14. [Google Scholar] [CrossRef]

	



Herbst, R.S.; Garon, E.B.; Kim, D.-W.; Cho, B.C.; Perez-Gracia, J.L.; Han, J.-Y.; Arvis, C.D.; Majem, M.; Forster, M.D.; Monnet, I.; et al. Long-Term Outcomes and Retreatment Among Patients with Previously Treated, Programmed Death-Ligand 1-Positive, Advanced Non-Small-Cell Lung Cancer in the KEYNOTE-010 Study. J. Clin. Oncol. 2020, 38, 1580–1590. [Google Scholar] [CrossRef]

	



Rittmeyer, A.; Barlesi, F.; Waterkamp, D.; Park, K.; Ciardiello, F.; von Pawel, J.; Gadgeel, S.M.; Hida, T.; Kowalski, D.M.; Dols, M.C.; et al. Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): A phase 3, open-label, multicentre randomised controlled trial. Lancet 2017, 389, 255–265. [Google Scholar] [CrossRef]

	



Bugada, D.; Allegri, M.; Lavand’Homme, P.; De Kock, M.; Fanelli, G. Inflammation-Based scores: A new method for patient-targeted strategies and improved perioperative outcome in cancer patients. BioMed Res. Int. 2014, 2014, 142425. [Google Scholar] [CrossRef]

	



Susok, L.; Said, S.; Reinert, D.; Mansour, R.; Scheel, C.H.; Becker, J.C.; Gambichler, T. The pan-immune-inflammation value and systemic immune-inflammation index in advanced melanoma patients under immunotherapy. J. Cancer Res. Clin. Oncol. 2022, 148, 3103–3108. [Google Scholar] [CrossRef]

	



Russo, A.; Franchina, T.; Ricciardi, G.R.R.; Battaglia, A.; Scimone, A.; Berenato, R.; Giordano, A.; Adamo, V.J. Baseline neutrophilia, derived neutrophil-to-lymphocyte ratio (dNLR), platelet-to-lymphocyte ratio (PLR), and outcome in non-small cell lung cancer (NSCLC) treated with Nivolumab or Docetaxel. J. Cell. Physiol. 2018, 233, 6337–6343. [Google Scholar] [CrossRef] [PubMed]

	



Fucà, G.; Guarini, V.; Antoniotti, C.; Morano, F.; Moretto, R.; Corallo, S.; Marmorino, F.; Lonardi, S.; Rimassa, L.; Sartore-Bianchi, A.; et al. The Pan-Immune-Inflammation Value is a new prognostic biomarker in metastatic colorectal cancer: Results from a pooled-analysis of the Valentino and TRIBE first-line trials. Brit. J. Cancer 2020, 123, 403–409. [Google Scholar] [CrossRef] [PubMed]

	



Guven, D.C.; Sahin, T.K.; Erul, E.; Kilickap, S.; Gambichler, T.; Aksoy, S. The Association between the Pan-Immune-Inflammation Value and Cancer Prognosis: A systematic review and Meta-analysis. Cancers 2022, 14, 2675. [Google Scholar] [CrossRef] [PubMed]

	



Noh, G.T.; Han, J.; Cho, M.S.; Hur, H.; Min, B.S.; Lee, K.Y.; Kim, N.K. Impact of the prognostic nutritional index on the recovery and long-term oncologic outcome of patients with colorectal cancer. J. Cancer Res. Clin. Oncol. 2017, 143, 1235–1242. [Google Scholar] [CrossRef] [PubMed]

	



Tong, Y.-S.; Tan, J.; Zhou, X.-L.; Song, Y.-Q.; Song, Y.-J. Systemic immune-inflammation index predicting chemoradiation resistance and poor outcome in patients with stage III non-small cell lung cancer. J. Transl. Med. 2017, 15, 221. [Google Scholar] [CrossRef]

	



Balkwill, F.; Mantovani, A. Inflammation and cancer: Back to Virchow? Lancet 2001, 357, 539–545. [Google Scholar] [CrossRef]

	



Wang, J.; Li, D.; Cang, H.; Guo, B. Crosstalk between cancer and immune cells: Role of tumor-associated macrophages in the tumor microenvironment. Cancer Med. 2019, 8, 4709–4721. [Google Scholar] [CrossRef]

	



Dymicka-Piekarska, V.; Koper-Lenkiewicz, O.M.; Zinczuk, J.; Kratz, E.; Kaminska, J. Inflammatory cell-associated tumors not only macrophages (TAMs), fibroblasts (TAFs), and neutrophils (TANs) can infiltrate the tumor microenvironment the unique role of tumor-associated platelets (TAPs). Cancer Immunol. Immunother. 2021, 70, 1497–1510. [Google Scholar] [CrossRef]

	



Kagamu, H.; Kitano, S.; Yamaguchi, O.; Yoshimura, K.; Horimoto, K.; Kitazawa, M.; Fukui, K.; Shiono, A.; Mouri, A.; Nishihara, F.; et al. CD4 + T-cell immunity in the peripheral blood correlates with response to Anti-PD-1 therapy. Cancer Immunol. Res. 2020, 8, 334–344. [Google Scholar] [CrossRef]

	



De Visser, K.E.; Joyce, J.A. The evolving tumor microenvironment: From cancer initiation to metastatic outgrowth. Cancer Cell 2023, 41, 374–403. [Google Scholar] [CrossRef]

	



Mantovani, A.; Garlanda, C.; Allavena, P. Molecular pathways and targets in cancer-related inflammation. Ann. Med. 2010, 42, 161–170. [Google Scholar] [CrossRef] [PubMed]

	



Zer, A.; Sung, M.R.; Walia, P.; Khoja, L.; Maganti, M.; Labbe, C.; Shepherd, F.A.; Bradbury, P.A.; Feld, R.; Liu, G.; et al. Correlation of Neutrophil to Lymphocyte Ratio and Absolute Neutrophil Count with Outcomes With PD-1 Axis Inhibitors in Patients with Advanced Non–Small-Cell Lung Cancer. Clin. Lung Cancer 2018, 19, 426–434.e1. [Google Scholar] [CrossRef] [PubMed]

	



Que, H.; Fu, Q.; Lan, T.; Tian, X.; Wei, X. Tumor-associated neutrophils and neutrophil-targeted cancer therapies. Biochim. Biophys. Acta-Rev. Cancer 2022, 1877, 188762. [Google Scholar] [CrossRef] [PubMed]

	



Kargl, J.; Busch, S.E.; Yang, G.H.Y.; Kim, K.-H.; Hanke, M.L.; Metz, H.E.; Hubbard, J.J.; Lee, S.M.; Madtes, D.K.; McIntosh, M.W.; et al. Neutrophils dominate the immune cell composition in non-small cell lung cancer. Nat. Commun. 2017, 8, 14381. [Google Scholar] [CrossRef]

	



Mantovani, A.; Cassatella, M.A.; Costantini, C.; Jaillon, S. Neutrophils in the activation and regulation of innate and adaptive immunity. Nat. Rev. Immunol. 2011, 11, 519–531. [Google Scholar] [CrossRef]

	



Scilla, K.A.; Bentzen, S.M.; Lam, V.K.; Mohindra, P.; Nichols, E.M.; Vyfhuis, M.A.; Bhooshan, N.; Feigenberg, S.J.; Edelman, M.J.; Feliciano, J.L. Neutrophil-Lymphocyte Ratio Is a Prognostic Marker in Patients with Locally Advanced (Stage IIIA and IIIB) Non-Small Cell Lung Cancer Treated with Combined Modality Therapy. Oncologist 2017, 22, 737–742. [Google Scholar] [CrossRef]

	



Sacdalan, D.B.; Lucero, J.A.; Sacdalan, D.L. Prognostic utility of baseline neutrophil-to-lymphocyte ratio in patients receiving immune checkpoint inhibitors: A review and metaanalysis. OncoTargets Ther. 2018, 11, 955–965. [Google Scholar] [CrossRef]

	



Jiang, T.; Qiao, M.; Zhao, C.; Li, X.; Gao, G.; Su, C.; Ren, S.; Zhou, C. Pretreatment neutrophil-to-lymphocyte ratio is associated with outcome of advanced-stage cancer patients treated with immunotherapy: A meta-analysis. Cancer Immunol. Immunother. 2018, 67, 713–727. [Google Scholar] [CrossRef]

	



Suh, K.J.; Kim, S.H.; Kim, Y.J.; Kim, M.; Keam, B.; Kim, T.M.; Kim, D.-W.; Heo, D.S.; Lee, J.S. Post-treatment neutrophil-to-lymphocyte ratio at week 6 is prognostic in patients with advanced non-small cell lung cancers treated with anti-PD-1 antibody. Cancer Immunol. Immunother. 2018, 67, 459–470. [Google Scholar] [CrossRef]

	



Mezquita, L.; Auclin, E.; Ferrara, R.; Charrier, M.; Remon, J.; Planchard, D.; Ponce, S.; Ares, L.P.; Leroy, L.; Audigier-Valette, C.; et al. Association of the Lung Immune Prognostic Index with Immune Checkpoint Inhibitor Outcomes in Patients with Advanced Non–Small Cell Lung Cancer. JAMA Oncol. 2018, 4, 351–357. [Google Scholar] [CrossRef]

	



Kim, Y.; Kim, C.H.; Lee, H.Y.; Lee, S.-H.; Kim, H.S.; Lee, S.; Cha, H.; Hong, S.; Kim, K.; Seo, S.W.; et al. Comprehensive Clinical and Genetic Characterization of Hyperprogression Based on Volumetry in Advanced Non–Small Cell Lung Cancer Treated with Immune Checkpoint Inhibitor. J. Thorac. Oncol. 2019, 14, 1608–1618. [Google Scholar] [CrossRef]

	



Lingyun, W.; Sugandha, S.; Mohammad, A.; Rakesh, K.S. Tumor-Associated Neutrophils in Cancer: Going Pro. Cancers 2019, 11, 564. [Google Scholar] [CrossRef] [PubMed]

	



Hattar, K.; Franz, K.; Ludwig, M.; Sibelius, U.; Wilhelm, J.; Lohmeyer, J.; Savai, R.; Subtil, F.S.B.; Dahlem, G.; Eul, B.; et al. Interactions between neutrophils and non-small cell lung cancer cells: Enhancement of tumor proliferation and inflammatory mediator synthesis. Cancer Immunol. Immunother. 2014, 63, 1297–1306. [Google Scholar] [CrossRef]

	



Houghton, A.M.; Rzymkiewicz, D.M.; Ji, H.; Gregory, A.D.; Egea, E.E.; Metz, H.E.; Stolz, D.B.; Land, S.R.; Marconcini, L.A.; Kliment, C.R.; et al. Neutrophil elastase-mediated degradation of IRS-1 accelerates lung tumor growth. Nat. Med. 2010, 16, 219–223. [Google Scholar] [CrossRef] [PubMed]

	



Mellman, I.; Chen, D.S.; Powles, T.; Turley, S.J. The cancer-immunity cycle: Indication, genotype, and immunotype. Immunity 2023, 56, 2188–2205. [Google Scholar] [CrossRef] [PubMed]

	



Tosolini, M.; Kirilovsky, A.; Mlecnik, B.; Fredriksen, T.; Mauger, S.; Bindea, G.; Berger, A.; Bruneval, P.; Fridman, W.H.; Pagès, F.; et al. Clinical impact of different classes of infiltrating T cytotoxic and helper cells (Th1, th2, treg, th17) in patients with colorectal cancer. Cancer Res. 2011, 71, 1263–1271. [Google Scholar] [CrossRef] [PubMed]

	



Tian, Y.; Zhai, X.; Yan, W.; Zhu, H.; Yu, J. Clinical outcomes of immune checkpoint blockades and the underlying immune escape mechanisms in squamous and adenocarcinoma NSCLC. Cancer Med. 2021, 10, 3–14. [Google Scholar] [CrossRef] [PubMed]

	



Brahmer, J.; Reckamp, K.L.; Baas, P.; Crinò, L.; Eberhardt, W.E.E.; Poddubskaya, E.; Antonia, S.; Pluzanski, A.; Vokes, E.E.; Holgado, E.; et al. Nivolumab versus docetaxel in advanced squamous-cell non–small-cell lung cancer. N. Engl. J. Med. 2015, 373, 123–135. [Google Scholar] [CrossRef]

	



Borghaei, H.; Paz-Ares, L.; Horn, L.; Spigel, D.R.; Steins, M.; Ready, N.E.; Chow, L.Q.; Vokes, E.E.; Felip, E.; Holgado, E.; et al. Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2015, 373, 1627–1639. [Google Scholar] [CrossRef]

	



Spigel, D.R.; Faivre-Finn, C.; Gray, J.E.; Vicente, D.; Planchard, D.; Paz-Ares, L.; Vansteenkiste, J.F.; Garassino, M.C.; Hui, R.; Quantin, X.; et al. Five-Year Survival Outcomes from the PACIFIC Trial: Durvalumab After Chemoradiotherapy in Stage III Non–Small-Cell Lung Cancer. J. Clin. Oncol. 2022, 40, 1301–1311. [Google Scholar] [CrossRef]

	



Takenaka, Y.; Oya, R.; Kitamiura, T.; Ashida, N.; Shimizu, K.; Takemura, K.; Yamamoto, Y.; Uno, A. Platelet count and platelet-lymphocyte ratio as prognostic markers for head and neck squamous cell carcinoma: Meta-analysis. Head Neck 2018, 40, 2714–2723. [Google Scholar] [CrossRef] [PubMed]

	



Bambace, N.M.; Holmes, C.E. The platelet contribution to cancer progression. J. Thromb. Haemost. 2011, 9, 237–249. [Google Scholar] [CrossRef] [PubMed]

	



Jiang, L.; Luan, Y.; Miao, X.; Sun, C.; Li, K.; Huang, Z.; Xu, D.; Zhang, M.; Kong, F.; Li, N. Platelet releasate promotes breast cancer growth and angiogenesis via VEGF–integrin cooperative signalling. Br. J. Cancer 2017, 117, 695–703. [Google Scholar] [CrossRef] [PubMed]

	



Peterson, J.E.; Zurakowski, D.; Italiano, J.E., Jr.; Michel, L.V.; Connors, S.; Oenick, M.; D’Amato, R.J.; Klement, G.L.; Folkman, J. VEGF, PF4 and PDGF are elevated in platelets of colorectal cancer patients. Angiogenesis 2012, 15, 265–273. [Google Scholar] [CrossRef] [PubMed]

	



George, M.L.; Eccles, S.A.; Tutton, M.G.; Abulafi, A.M.; Swift, R.I. Correlation of plasma and serum vascular endothelial growth factor levels with platelet count in colorectal cancer: Clinical evidence of platelet scavenging? Clin. Cancer Res. 2000, 6, 3147–3152. [Google Scholar]

	



Gu, X.; Sun, S.; Gao, X.-S.; Xiong, W.; Qin, S.; Qi, X.; Ma, M.; Li, X.; Zhou, D.; Wang, W.; et al. Prognostic value of platelet to lymphocyte ratio in non-small cell lung cancer: Evidence from 3,430 patients. Sci. Rep. 2016, 6, 23893. [Google Scholar] [CrossRef]

	



Xu, H.; He, A.; Liu, A.; Tong, W.; Cao, D. Evaluation of the prognostic role of platelet-lymphocyte ratio in cancer patients treated with immune checkpoint inhibitors: A systematic review and meta-analysis. Int. Immunopharmacol. 2019, 77, 105957. [Google Scholar] [CrossRef]

	



Chen, Y.; Gong, L.; Gu, P.; Hua, Y.; Sun, Y.; Ni, S.; Zhou, X.; Tang, Z. Pan-immune-inflammation and its dynamics: Predictors of survival and immune-related adverse events in patients with advanced NSCLC receiving immunotherapy. BMC Cancer 2023, 23, 944. [Google Scholar] [CrossRef]

	



Fearon, K.C.; Voss, A.C.; Hustead, D.S. Cancer Cachexia Study Group. Definition of cancer cachexia: Effect of weight loss, reduced food intake, and systemic inflammation on functional status and prognosis. Am. J. Clin. Nutr. 2006, 83, 1345–1350. [Google Scholar] [CrossRef]

	



He, H.; Guo, W.; Song, P.; Liu, L.; Zhang, G.; Wang, Y.; Qiu, B.; Tan, F.; Xue, Q.; Gao, S. Preoperative systemic immune-inflammation index and prognostic nutritional index predict prognosis of patients with pulmonary neuroendocrine tumors after surgical resection. Ann. Transl. Med. 2020, 8, 630. [Google Scholar] [CrossRef]

	



Inoue, H.; Shiozaki, A.; Fujiwara, H.; Konishi, H.; Kiuchi, J.; Ohashi, T.; Shimizu, H.; Arita, T.; Yamamoto, Y.; Morimura, R.; et al. Absolute lymphocyte count and C-reactive protein-albumin ratio can predict prognosis and adverse events in patients with recurrent esophageal cancer treated with nivolumab therapy. Oncol. Lett. 2022, 24, 257. [Google Scholar] [CrossRef]

	



Rizvi, N.A.; Hellmann, M.D.; Snyder, A.; Kvistborg, P.; Makarov, V.; Havel, J.J.; Lee, W.; Yuan, J.; Wong, P.; Ho, T.S.; et al. Cancer immunology. Mutational landscape determines sensitivity to PD-1 blockade in non–small cell lung cancer. Science 2015, 348, 124–128. [Google Scholar] [CrossRef] [PubMed]

	



Hellmann, M.D.; Ciuleanu, T.-E.; Pluzanski, A.; Lee, J.S.; Otterson, G.A.; Audigier-Valette, C.; Minenza, E.; Linardou, H.; Burgers, S.; Salman, P.; et al. Nivolumab plus ipilimumab in lung cancer with a high tumor mutational burden. N. Engl. J. Med. 2018, 378, 2093–2104. [Google Scholar] [CrossRef] [PubMed]

	



Pirker, R. Is smoking history the truly best biomarker for immune checkpoint inhibitor treatment in advanced non-small cell lung cancer? ESMO Open 2018, 3, e000421. [Google Scholar] [CrossRef] [PubMed]

	



Ramos-Casals, M.; Brahmer, J.R.; Callahan, M.K.; Flores-Chávez, A.; Keegan, N.; Khamashta, M.A.; Lambotte, O.; Mariette, X.; Prat, A.; Suárez-Almazor, M.E. İmmune-related adverse events of checkpoint inhibitors. Nat. Rev. Dis. Primers 2020, 6, 38. [Google Scholar] [CrossRef] [PubMed]

	



Mamdani, H.; Matosevic, S.; Khalid, A.B.; Durm, G.; Jalal, S.I. Immunotherapy in Lung Cancer: Current Landscape and Future Directions. Front. Immunol. 2022, 13, 823618. [Google Scholar] [CrossRef]

	



Fujimoto, A.; Toyokawa, G.; Koutake, Y.; Kimura, S.; Kawamata, Y.; Fukuishi, K.; Yamazaki, K.; Takeo, S. Association between pretreatment neutrophil-to-lymphocyte ratio and immune-related adverse events due to immune checkpoint inhibitors in patients with non-small cell lung cancer. Thorac. Cancer 2021, 12, 2198–2204. [Google Scholar] [CrossRef]

	



Peng, L.; Wang, Y.; Liu, F.; Qiu, X.; Zhang, X.; Fang, C.; Qian, X.; Li, Y. Peripheral blood markers predictive of outcome and immune-related adverse events in advanced non-small cell lung cancer treated with PD-1 inhibitors. Cancer Immunol. Immunother. 2020, 69, 1813–1822. [Google Scholar] [CrossRef]

	



Ardizzoni, A.; Azevedo, S.; Rubio-Viqueira, B.; Rodríguez-Abreu, D.; Alatorre-Alexander, J.; Smit, H.J.M.; Yu, J.; Syrigos, K.; Trunzer, K.; Patel, H.; et al. Primary results from TAIL, a global single-arm safety study of atezolizumab (atezo) monotherapy in a diverse population of patients with previously treated advanced non-small cell lung cancer (NSCLC). Ann. Oncol. 2021, 9, e100865. [Google Scholar] [CrossRef]








[image: Medicina 60 01792 g001] 





Figure 1. Progression-free survival survival in patients using nivolumab long term >8 cycles vs. ≤8 cycles nivolumab short term. 
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Figure 2. Overall survival in patients using non-smoker/former smoker vs. current smoker in univariate analyses. 
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Figure 3. Kaplan–Meier estimates of overall survival in patients using nivolumab long term >8 cycles); overall survival according to PLR (a), PIV (b), SII (c), NLR (d). 
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Figure 4. Kaplan–Meier estimate of overall in patients using nivolumab short term (≤8 cycles); overall survival according to, dNLR. 
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Figure 5. Treatment response rates in patients between PNI-low and PNI-high groups. CR, complete response; PR, partial response; PD, progressive disease. 
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Table 1. Baseline characteristics of patients.
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Variable

	
Number of Patients (N, %)

	
Median (Min–Max)






	
Age (years)

	

	
62.0 (39–82)




	
<65

	
71 (68.3)




	
≥65

	
33 (31.7)




	
Gender

	

	




	
Male

	
94 (90.4)




	
Female

	
10 (9.6)




	
BSA (median)

	

	
1.79 (1.5–2.16)




	
BMI (median)

	

	
24.2 (15.4–38.1)




	
ECOG PS

	

	




	
0

	
41 (38.4)

	




	
1

	
58 (55.8)

	




	
2

	
5 (4.8)

	




	
Smoking status

	

	




	
Non-smoker

	
5 (4.8)

	




	
Former smoker

	
43 (41.4)

	




	
Current

	
56 (54.8)

	




	
Comorbidity

	

	




	
Present

	
64 (61.5)

	




	
Absent

	
40 (38.5)

	




	
PD-L1 IHC status

	

	




	
Positive

	
24 (23.1)

	




	
Negative

	
48 (46.2)

	




	
Unknown

	
32 (30.8)

	




	
Histology

	

	




	
Squamous cell carcinoma

	
48 (46.2)

	




	
Non-squamous cell carcinoma

	
56 (53.8)

	




	
Location

	

	




	
Right lung

	
65 (62.5)

	




	
Left lung

	
39 (37.5)

	




	
Metastasis at diagnosis

	

	




	
Non-metastasis

	
12 (11.5)

	




	
De novo metastasis

	
92 (88.5)

	




	
Location of metastasis

	

	




	
Lung parenchyma

	
18 (17.3)

	




	
Liver

	
8 (7.7)

	




	
Bone

	
33 (31.7)

	




	
Adrenal gland

	
11 (10.6)

	




	
Brain

	
9 (8.7)

	




	
Other

	
29 (27.9)

	




	
Brain metastasis

	

	




	
No

	
78 (75.0)

	




	
Solitary

	
17 (16.3)

	




	
Oligo metastasis

	
3 (2.9)

	




	
Multiple

	
5 (4.8)

	




	
Type of response (first line treatment)

	

	




	
Complete response

	
3 (2.9)

	




	
Partial response

	
61 (58.7)

	




	
Stable response

	
9 (8.7)

	




	
Progressive disease

	
29 (27.9)

	




	
Line of Nivolumab treatment

	

	




	
2

	
90 (86.6)

	




	
3

	
7 (6.7)

	




	
4

	
7 (6.7)

	




	
Type of response (Nivolumab treatment)

	

	




	
Complete response

	
5 (4.8)

	




	
Partial response

	
37 (35.6)

	




	
Stable response

	
19 (18.3)

	




	
Progressive disease

	
35 (33.7)

	




	
PIV (median)

	

	
682.9 (7.79–5257.05)




	
SII (median)

	

	
848.57 (9.16–11485.03)




	
NLR (median)

	

	
3.08 (0.04–24.13)




	
PLR (median)

	

	
178.73 (1.00–1220.51)




	
MLR (median)

	

	
0.46 (0.01–1.64)




	
d-NLR (median)

	

	
1. 86 (2.65–6.35)




	
PNI (median)

	

	
40.22 (26.44–48.42)








Abbreviations: BSA, body surface area; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed death ligand 1; NLR, neutrophil-to-lymphocyte Ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; d-NLR, derived neutrophil-to-lymphocyte ratio; SII, systemic immune inflammation index; PIV, pan-immune inflammation value; PNI, prognostic nutritional index.













 





Table 2. Univariate Cox proportional hazard models for PFS and OS.






Table 2. Univariate Cox proportional hazard models for PFS and OS.





	
Variable

	
PFS

	
OS




	
HR

	
Univariate 95% CI

	
p

	
HR

	
Univariate 95% CI

	
p






	
Age

	

	

	

	

	

	




	
<65

	
Ref

	

	

	
Ref

	

	




	
≥65

	
0.46

	
0.14–1.47

	
0.19

	
2.41

	
0.57–10.18

	
0.23




	
ECOG PS

	

	

	

	

	

	




	
0

	
Ref

	

	

	
Ref

	

	




	
1–2

	
1.73

	
0.73–4.10

	
0.21

	
0.38

	
0.13–1.11

	
0.07




	
Smoking status

	

	

	

	

	

	




	
Non-smoker/Former smoker

	
Ref

	

	

	
Ref

	

	




	
Current

	
0.67

	
0.27–1.65

	
0.39

	
0.21

	
0.71–0.62

	
0.005




	
BMI

	

	

	

	

	

	




	
<25

	
Ref

	

	

	
Ref

	

	




	
≥25

	
2.44

	
0.92–6.34

	
0.07

	
0.29

	
0.07–1.13

	
0.07




	
Comorbidity

	

	

	

	

	

	




	
Absent

	
Ref

	

	

	
Ref

	

	




	
Present

	
2.73

	
1.10–6.81

	
0.03

	
0.57

	
0.14–2.22

	
0.41




	
Histology

	

	

	

	

	

	




	
Non-squamous

	
Ref

	

	

	
Ref

	

	




	
Squamous

	
0.50

	
0.20–1.29

	
0.15

	
0.81

	
0.20–3.20

	
0.76




	
PDL-1

	

	

	

	

	

	




	
Negative

	
Ref

	

	

	
Ref

	

	




	
Positive

	
1.07

	
0.47–2.47

	
0.85

	
0.59

	
0.21–1.61

	
0.30




	
Metastasis at diagnosis

	

	

	

	

	

	




	
Non-metastasis

	
Ref

	

	

	
Ref

	

	




	
De novo metastasis

	
1.27

	
0.23–6.84

	
0.77

	
11.67

	
0.85–159.57

	
0.06




	
Median number of cycles of nivolumab treatment

	

	

	

	

	

	




	
≤8

	
Ref

	

	

	
Ref

	

	




	
8<

	
0.02

	
0.00–0.12

	
0.0001

	
0.98

	
0.22–4.28

	
0.98




	
PIV

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
1.14

	
0.14–8.88

	
0.90

	
2.88

	
0.38–21.52

	
0.30




	
SII

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
0.66

	
0.07–6.15

	
0.72

	
0.26

	
0.02–3.31

	
0.30




	
NLR

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
0.96

	
0.27–3.36

	
0.96

	
2.87

	
0.74–11.15

	
0.12




	
PLR

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
1.43

	
0.44–4.68

	
0.54

	
0.49

	
0.08–2.99

	
0.44




	
MLR

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
1.58

	
0.58–4.30

	
0.36

	
2.08

	
0.56–7.75

	
0.27




	
d-NLR

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
1.78

	
0.45–7.04

	
0.40

	
4.89

	
0.98–24.20

	
0.05




	
PNI

	

	

	

	

	

	




	
Low

	
Ref

	

	

	
Ref

	

	




	
High

	
1.00

	
0.37–2.71

	
0.98

	
0.76

	
0.22–2.59

	
0.66








Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed death ligand 1; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; d-NLR, derived neutrophil-to-lymphocyte ratio; SII, systemic immune inflammation index; PIV, pan-immune inflammation value; PNI, prognostic nutritional index.