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The survivin protein contributes to the development and progression of tumors. Protein expression and mRNA levels correlate with clinicopathological parameters and survival of cancer patients. Our purpose was to evaluate whether circulating survivin levels have any diagnostic or predictive value in lung cancer. 118 patients with advanced stage lung cancer participated in our study. 53 suffered from adenocarcinoma (ADC), 33 from squamous cell carcinoma (SqCC), and 32 from small cell lung cancer (SCLC). We also enrolled 21 control subjects. Blood samples were collected before and after two cycles of chemotherapy. We measured survivin concentrations with ELISA. Non-parametric tests were used for analysis. We did not find significant difference in survivin levels between patients and control subjects (17.19/0–829.74/vs. 49.13/0–165.92/pg/ml; p = 0.07). We found lower survivin concentrations in patients with SqCC (0/0–171.24/pg/ml) than in those with ADC (24.94/0–626.46 pg/ml) and SCLC (45.51/0–829.74/pg/ml) (ADC vs. SqCC p < 0.0001, ADC vs. SCLC p = 0.0405, SqCC vs. SCLC p < 0.0001). Survivin levels were higher in stage IV patients than in patients without distant metastases (p = 0.0061), and concentrations were progressively higher with increasing number of metastatic organ sites (p = 0.04). We observed a decrease in survivin levels in ADC patients after platinum plus pemetrexed chemotherapy (26.22/0–626.46/pg/ml before vs. 0/0–114.36/pg/ml after; p = 0.01). Neither progression-free nor overall survival correlated with survivin levels at baseline. Our data imply that survivin may be involved in the development of metastases and it might be used as a biomarker of disease progression. However, circulating survivin concentrations do not predict survival of patients with lung cancer.
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INTRODUCTION
Survivin (also called Baculoviral Inhibitor of Apoptosis Repeat-Containing 5, BIRC-5) is a member of the Inhibitor of Apoptosis Proteins (IAP) family [1]. Survivin has a key role in cell division, participates in the creation of the mitotic spindle and appears to contribute to the preservation of the stem cell state [2–4]. Its level changes during the cell cycle: the highest being during the G2/M transition, and the lowest being in the G1 phase.
Survivin plays an essential role in tumorigeneses in multiple ways: it inhibits caspase-3, -7 and -9 proteins, and blocks p53 as a caspase-independent pathway of apoptosis [5–7]. Survivin also regulates cell motility via the Akt - α-5-integrin pathway, and promotes the development of metastases [8]. Fernández et al. [9] described the process how survivin increases VEGF production and improves angiogenesis in tumor cells via PI3K/Akt enhanced β-catenin-Tcf/Lef-dependent transcription.
The pro-oncogenic effect of survivin is observed in many types of tumors including lung cancer. Multiple studies confirmed that in histological samples from patients with lung cancer, both survivin mRNA and protein expression are higher than in healthy lung tissue [10–12] Yie et al. [13] found the same results by measuring survivin mRNA in circulating tumor cells from peripheral blood samples. Furthermore, survivin protein expression assessed by immunohistochemistry in lung cancer tissue specimens correlates with the grade of differentiation, the tumor stage and the presence of lymph node metastases [10]. However, there are controversial results about the relationship between survivin expression and histological types [10, 11, 14, 15].
In surgically resected lung adenocarcinomas higher survivin protein expression indicated shorter disease-free and overall survival [16]. Beyond the correlation with tumor stage, primary tumor size and nodal state, elevated survivin mRNA levels in circulating tumor cells are related to increased relapse rate and shorter overall survival [13]. In blood samples of patients with operable non-small cell lung cancer (NSCLC), preoperative survivin mRNA positivity correlated with a worse prognosis, decreased survivin mRNA levels were measured after surgical resection, and still positive postoperative survivin mRNA indicated more frequent tumor recurrence and shorter disease-free and overall survival [17]. Measuring circulating tumor cell mRNA in peripheral blood samples of patients receiving chemotherapy, researchers found that progression-free and overall survival were worse in those patients whose survivin levels were higher before, after one, and after 3 cycles of chemotherapy [18]. Previously, only a few studies investigated blood survivin protein levels in lung cancer and did not find significantly different concentrations compared to controls [19, 20]. However, these studies were limited in the number of participants and both included only NSCLC.
Therefore, the aim of our study was to evaluate the relationship between circulating survivin protein levels and clinicopathological features, the effect of chemotherapy and the survival of patients suffering from advanced stage lung cancer.
PATIENTS AND METHODS
Subjects
118 patients suffering from advanced stage lung cancer participated in our study. The diagnosis was based on bronchial or transthoracic histological or cytological sampling. Fifty-three patients were diagnosed with adenocarcinoma (ADC), 33 with squamous cell carcinoma (SqCC) and 32 with small cell lung cancer (SCLC). Twenty-five patients with ADC received platinum-based chemotherapy with bevacizumab, 25 received platinum plus pemetrexed. The other 3 patients received immunotherapy or platinum plus gemcitabine or best supportive care. Twenty patients with SqCC received platinum plus gemcitabine, and 24 patients with SCLC received platinum plus etoposide. Twenty-four cancer-free volunteers served as controls. We recorded tumor stage, the location of metastases, lung function results, the applied anticancer therapy, smoking habits and cigarette pack years. If a subject quit smoking at least 6 months before the diagnosis we considered them ex-smoker. Progression free and overall survival related to first line therapy were also documented, we followed the patients from December 2015 until March 2019. Median follow-up time was 10 months (0–42). The characteristics of our study subjects are summarized in Table 1.
TABLE 1 | Patient characteristics.
[image: Table 1]The study was approved by the local Ethics Committee (Semmelweis University TUKEB 238/2015), and all subjects signed an informed consent.
Sample Collection and ELISA Measurement
We collected venous blood samples before the first cycle of systemic chemotherapy, and after 2 cycles. EDTA-treated blood samples were centrifuged within 2 h at 1500 RPM for 10 min at 4°C. Immediately following centrifugation, plasma was separated into 250 µL aliquots which were stored at −80°C until analysis. Samples were thawed just before the ELISA measurements. To measure survivin protein levels we used a commercially available ELISA-kit (Bio-Techne R&D Systems Quantikine ELISA Human Survivin Immunoassay). The detection limit of the assay is 9.96 pg/ml, intra-assay variability is 17.38 ± 10.07%.
Statistical Analysis
Statistical analyses were performed with Statistica 12 (StatSoft, Inc. Tulsa, OK, US) and Graph Pad Prism 5.0 (GraphPad Software, San Diego, CA, US). Normality of data was assessed with Kolmogorov-Smirnov test. Categorical and continuous variables as well as survivin concentrations were compared between the groups with Chi-squares, ANOVA and Kruskal-Wallis tests. Wilcoxon test was used to compare survivin levels before and after chemotherapy in ADC and SCLC groups. Correlations between survivin levels and clinical variables were assessed with Spearman test. The effect of survivin on progression free and overall survival was investigated with Cox regression. p-value <0.05 was considered significant.
RESULTS
Survivin Levels in the Histological Groups Before Chemotherapy
There was no significant difference in plasma survivin levels between patients with lung cancer and control subjects (17.19/0–829.74/vs. 49.13/0–165.92/pg/ml; p = 0.07). (Figure 1). Assessing separately the NSCLC and SCLC groups, we found significantly lower survivin levels in patients with NSCLC than in those with SCLC or in control subjects (NSCLC vs. SCLC p = 0.0053, NSCLC vs. controls p = 0.0004), but there was no significant difference between patients with SCLC and control subjects (SCLC vs. controls p = 0.3344). Comparing the histological groups we found significantly lower circulating survivin levels in patients with SqCC (0/0–171.24/pg/ml) than in patients with ADC (24.94/0–626.46 pg/ml) or SCLC (45.51/0–829.74/pg/ml) (ADC vs. SqCC p < 0.0001, ADC vs. SCLC p = 0.0405, SqCC vs. SCLC p < 0.0001). (Figure 2).
[image: Figure 1]FIGURE 1 | Plasma survivin levels in lung cancer patients and control subjects. There is no significant difference in survivin levels between patients and control subjects (p = 0.07). Horizontal lines show group median values.
[image: Figure 2]FIGURE 2 | Plasma survivin levels in adenocarcinoma (ADC), squamous cell carcinoma (SqCC) and small cell lung cancer (SCLC). Survivin concentrations are lower in patients with SqCC than in those with ADC and SCLC (ADC vs. SqCC p < 0.0001, ADC vs. SCLC p = 0.0405, SqCC vs. SCLC p < 0.0001). Horizontal lines show group median values.
Survivin and Clinical Factors
Survivin concentrations were significantly higher in patients with stage IV disease (28.39/0–829.7/pg/ml) than in patients without distant metastases (0.51/0–171.2/pg/ml), p = 0.0061 (Figure 3). We found a direct relationship between survivin levels and the number of metastatic organ sites (p = 0.04) (Figure 4). We did not find significant difference between survivin levels in previous and current smokers (p = 0.52), and survivin concentrations did not correlate with the number of cigarettes smoked either (p = 0.72). Circulating survivin concentrations tended to be lower in patients with COPD (0/0–830 pg/ml) compared to those without (23/0–630/pg/ml, p = 0.06).
[image: Figure 3]FIGURE 3 | Plasma survivin levels and tumor stages. Survivin levels are higher in patients with stage IV lung cancer than in patients with stage III disease (p = 0.0061). Horizontal lines show group median values.
[image: Figure 4]FIGURE 4 | The relationship between plasma survivin levels and the number of metastatic sites. Survivin levels are progressively higher with increasing number of metastatic organ sites (p = 0.04). Horizontal lines show group median values.
Survivin Levels After Chemotherapy
To investigate the change of circulating survivin protein levels in reference to cytostatic treatment, we compared survivin levels before and after two cycles of chemotherapy. We observed a significant decrease in survivin levels after platinum plus pemetrexed combination in patients with lung adenocarcinoma (26.22/0–626.46/pg/ml before vs. 0/0–114.36/pg/ml after chemotherapy, p = 0.01), but there was no significant change in either bevacizumab-combined treatment in ADC or in small cell lung cancer (Figure 5).
[image: Figure 5]FIGURE 5 | The effect of chemotherapy on survivin levels. (A): There is no significant changes in plasma survivin levels in patients with adenocarcinoma due to platinum plus bevacizumab treatment (p = 0.93). (B): Plasma survivin levels significantly decrease in patients with adenocarcinoma due to platinum plus pemetrexed treatment (p = 0.01). (C): There is no significant changes in plasma survivin levels in patients with small cell lung cancer due to platinum plus etoposide treatment (p = 0.31).
Survivin and Patient Survival
Our objective was to evaluate whether circulating survivin levels have prognostic or predictive values in lung cancer. We found no significant correlation between initial survivin levels and progression-free survival (p = 0.55) or overall survival (p = 0.89) in the entire tumorous group. Dividing patients to non-small cell and small cell lung cancer groups, the Cox-regression analysis did not show significant correlation between survivin concentrations and survival parameters (p = 0.60 for progression-free survival and p = 0.16 for overall survival in NSCLC; p = 0.06 for PFS and p = 0.07 for OS in SCLC), although, in the case of SCLC there was a tendency for higher survivin levels associating with worse outcomes. Since survivin has a role in angiogenesis we investigated separately the group receiving chemotherapy combined with VEGF-inhibitor bevacizumab, but again, we did not find correlation between survivin levels at baseline and survival parameters (p = 0.56 for progression-free survival and p = 0.42 for overall survival).
DISCUSSION
Despite the rapid development of systemic anticancer treatments, the survival of advanced stage lung cancer is still very poor. Suitable biomarkers which could help early diagnosis or therapeutic decision making may improve the outcomes of these patients. Therefore, intensive research on new biomarkers is essential.
In the present study we measured circulating survivin protein concentrations in plasma samples of advanced stage lung cancer patients; and assessed whether it could be a useful biomarker in the clinical routine. To our knowledge, this has been the largest study to test these parameters. Of importance, we enrolled patients with NSCLC and also with SCLC, to broaden the clinical interpretation of the study. Major limitations of our study are the relative low case numbers in certain histological subgroups such as in SCLC, raising difficulties in interpretation of some results, and the lack of post-therapy samples in patients with SqCC. Further limitation is that we collected plasma samples from the patients only once or twice (before and after chemotherapy), however a more frequent sample collection during the course of the disease could have provided more information about the role of survivin in disease progression.
Comparing plasma survivin concentrations in different histological groups, we observed that survivin levels were lower in patients with SqCC than with ADC or SCLC. The results of the previous studies, using other methods for survivin quantification than plasma measurements, are controversial in this aspect: some researchers could not confirm an association with the histological type [10], while others reported higher survivin expression in squamous cell carcinoma than in adenocarcinoma [11]. On the contrary, Porebska et al. [15] found lower survivin expressions in tissue samples of patients with squamous cell carcinoma, than those with lung adenocarcinoma, which is in line with our findings. Lower circulating survivin levels in squamous cell carcinoma might be in connection with the relatively moderate tendency to invasion and metastatization compared to other histological types.
Several studies assessed the correlation between survivin levels–measured in different ways–and the extension of lung cancer. Most [10, 11, 18], but not all [12] studies reported higher survivin expression in patients with advanced stages (III-IV). In our study we enrolled only patients with inoperable, advanced stage (mostly stage III B or IV) lung cancer. Plasma survivin concentrations were significantly higher in patients with distant metastases (Figure 4). When we divided the patients according to the number of metastatic organ sites (no distant metastasis, metastasis in one or in more than one organ), we found significant correlation between survivin levels and the extent of the disease.
The number of metastatic organ sites is considered as a predictor of survival in non-small cell lung cancer. The prominent difference between the survival rates of oligometastatic disease and tumor with multiple distant metastases created the need for distinguishing M1b and M1c diseases in the 8th edition of the lung cancer TNM classification system [21]. An increased number of metastatic organ sites correlates with lower survival rates [22, 23]. Du et al. [18] investigated survivin mRNA in circulating tumor cells in the peripheral blood of patients with advanced stage non-small cell lung cancer. They found that the presence of survivin mRNA in these cells is associated with the number of metastatic sites. Our results are in line with these previous findings and support the role of survivin in metastasis formation and invasion into distant organs.
Former studies, which measured survivin mRNA levels in circulating tumor cells in patients suffering from lung cancer, demonstrated that survivin levels change after chemotherapy. The decrease in survivin levels after cytostatic treatment was associated with a better outcome [18, 24]. Derin et al. [25] investigated the concentrations of serum survivin protein by ELISA technique in advanced stage non-small cell lung cancer patients before and after cytostatic treatment, and they demonstrated a significant decrease in survivin levels in the chemoresponsive group. In line with our results, they did not find significant difference between patients with lung cancer and control subjects, and the initial survivin levels did not correlate with the survival.
In our present study we compared plasma survivin levels before and after two cycles of chemotherapy. A decreased level of the protein was present only in the adenocarcinoma group treated with the platinum plus pemetrexed. The background of the isolated changes induced by the platinum plus pemetrexed therapy has not been clarified yet. Folate receptor α (FR-α) is one of the receptors, which is needed for the intracellular uptake of folic acid and also pemetrexed by cancer cells. FR-α also has a role independently from the nucleotide synthesis in promoting tumor cell proliferation and inhibiting apoptosis by activating ERK signaling pathway and upregulating survivin expression [26]. Pemetrexed may block these receptors interfering with the original ligand which could promote the signaling cascade mentioned above. In addition, as another folate receptor, reduced folate carrier is downregulated in cell lines which developed pemetrexed resistance; a negative feedback mechanism could be speculated on FR-α due to pemetrexed treatment suppressing ERK-signaling pathway, resulting in reduced survivin expression [27].
Even though treatment with the anti-VEGF bevacizumab reduces intracellular survivin concentrations in cancer cells and endothelial cells [28], our data suggest that the extracellular, circulating survivin protein does not change due to platinum plus bevacizumab therapy.
To evaluate whether circulating survivin protein can predict the outcome of advanced stage lung cancer treated with platinum-based chemotherapy, we registered the progression-free and overall survival of our study subjects during a more than three-year follow up period. Although several previous studies confirmed the connection between higher survivin levels and unfavorable outcomes of non-small cell lung cancer and other types of tumors, we did not find correlation between pre-treatment survivin concentrations and the survival parameters of patients.
There are only limited data available about the prognostic or predictive values of survivin in the case of small cell lung cancer. Based on the results of Chen et al. [29] elevated survivin expression proved to be an independent predictor of poor survival outcomes. In contrast, others reported that the nuclear survivin labeling index in the tumor tissue did not correlate with survival [30]. In our study there was a tendency that higher pre-treatment survivin concentrations in SCLC patients were associated with shorter progression-free and overall survival.
The discrepancy between our observations and the results of former investigations can be explained by the different methods of measuring survivin levels. Those studies which supported the role of survivin as a biomarker of lung cancer assessed protein expression by immunohistochemistry on tumor tissue specimens, or measured mRNA levels by PCR in blood samples or in circulating tumor cells. These are reliable methods to examine survivin expression, but their availability is limited, and they require invasive tissue sampling procedures. The assessment of blood survivin protein concentrations can be an option for the non-invasive monitoring of survivin signaling and its dynamics in lung cancer. Regarding other types of malignant diseases, there are contradictory results from studies assessing the diagnostic value of circulating survivin protein levels [31–34]. In non-small cell lung cancer, previous studies could not confirm that survivin protein measured by ELISA in blood samples is a useful biomarker [19, 20].
Several factors can explain our findings. Khan et al. [35, 36] described the process of the exosomal transport of survivin protein from tumor cells to the extracellular space, where survivin creates an extracellular pool. In the tumor microenvironment survivin containing exosomes take part in a dynamic communication network of tumor cells and surrounding stromal and immune cells, and contribute to the adaptation, propagation and spreading of cancer cells. The exosomal release could be influenced by different exogenous factors affecting the cancer cell, which can also change the quantity of the protein in the circulation. Furthermore, systemic inflammatory reaction and endocrine changes related to the advanced malignant disease, and other drugs taken by patient can influence plasma protein levels. In addition, cytostatic chemotherapy and tumor lysis can also significantly affect these features.
In conclusion, we demonstrated a relationship between circulating survivin protein concentrations and the tumor stage as well as the number of metastatic organ sites, which supports previous findings on the role of survivin in tumor spreading. We also revealed a relationship between histological types of lung cancer and survivin concentrations, and a change in survivin levels due to platinum plus pemetrexed chemotherapy. However, to estimate the real clinical implication of our findings, we need more information about the factors which affect the quantity and functioning of extracellular survivin protein in vivo.
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