

[image: High systemic inflammation score is associated with adverse survival in skull base chordoma]
High systemic inflammation score is associated with adverse survival in skull base chordoma





ORIGINAL RESEARCH

published: 14 October 2022

doi: 10.3389/fonc.2022.1046093

[image: image2]


High systemic inflammation score is associated with adverse survival in skull base chordoma


Mingxuan Li 1,2, Jiwei Bai 1, Yujia Xiong 2, Yutao Shen 2, Shuai Wang 2, Chuzhong Li 2 and Yazhuo Zhang 1,2,3,4,5*


1 Department of Neurosurgery, Beijing Tiantan Hospital, Capital Medical University, Beijing, China, 2 Beijing Neurosurgical Institute, Capital Medical University, Beijing, China, 3 Beijing Institute for Brain Disorders Brain Tumor Center, Beijing, China, 4 China National Clinical Research Center for Neurological Diseases, Beijing, China, 5 Key Laboratory of Central Nervous System Injury Research, Capital Medical University, Beijing, China




Edited by: 

Hailiang Tang, Fudan University, China

Reviewed by: 

Paolo Palmisciano, University of Cincinnati, United States

Li Cai, CHI St Vincent, United States

*Correspondence: 

Yazhuo Zhang
 zyz2004520@yeah.net

Specialty section: 
 This article was submitted to Neuro-Oncology and Neurosurgical Oncology, a section of the journal Frontiers in Oncology


Received: 16 September 2022

Accepted: 29 September 2022

Published: 14 October 2022

Citation:
Li M, Bai J, Xiong Y, Shen Y, Wang S, Li C and Zhang Y (2022) High systemic inflammation score is associated with adverse survival in skull base chordoma. Front. Oncol. 12:1046093. doi: 10.3389/fonc.2022.1046093




Background

The systemic inflammation score (SIS), based on preoperative lymphocyte to monocyte ratio (LMR) and albumin (ALB), was recently developed and is demonstrated to be a novel prognostic indicator in several cancers. However, data discussing the utility of SIS in chordoma are lacking. We aimed to investigate the distribution and the prognostic role of SIS in primary skull base chordoma patients undergoing surgery.



Material and methods

Preoperative SIS was retrospectively collected from 183 skull base chordoma patients between 2008 and 2014 in a single center. Its associations with clinical features and overall survival (OS) were further analyzed. The SIS-based nomogram was developed and evaluated by the concordance index (C-index), time-dependent receiver operating characteristic (ROC) curve, calibration curve, and decision curve analysis (DCA).



Results

The numbers of patients in the SIS 2, 1, and 0 group were 29 (15.8%), 60 (32.8%), 94 (51.4%), respectively. High SIS was associated with older age (p = 0.008), brainstem involvement of tumors (p = 0.039), and adverse OS (p < 0.001). Importantly, multivariate Cox analysis showed that high SIS independently predicts adverse OS. Furthermore, the nomogram based on SIS and clinical variables showed eligible performance for OS prediction in both training and validation cohorts.



Conclusions

The SIS is a promising, simple prognostic biomarker, and the SIS-based nomogram serves as a potential risk stratification tool for outcome in skull base chordoma patients.
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Introduction

Chordoma accounts for 1-4% of primary bone neoplasm, and previous studies recognized that chordoma originates from the remnant of notochord (1, 2). Chordoma is largely found in the axial skeleton, about 30-40% of which is located at the skull base (clivus) (2, 3). To date, surgery with the help of radiotherapy is the main treatment for chordoma patients. However, the commonly large tumor burden and the involvement of critical neurovascular tissues make chordoma difficult to eradicate, especially for skull base chordoma (4). In addition, studies showed no significant value of classical chemotherapy. Despite the development of surgical technology, such as endoscopic surgery and intraoperative navigation, and the effort on targeted therapy, skull base chordoma patients had a high recurrent rate and sequent mortality (2, 5, 6). Improvement of the survival of chordoma patients requires the identification of reliable biomarkers and effective patient risk stratification.

Inflammation has been widely recognized as a prevalent characteristic of cancer since Virchow first promoted a potential association between inflammation and cancer (7). Cancer patients can present both local inflammatory symptoms and systemic inflammation, such as changes in the peripheral blood cell count (8). Moreover, increasing studies show that systemic inflammation plays an essential role in cancer patient outcomes via several aspects, including tumor oncogenesis, progression, and metastasis (9, 10). Consequently, several pretreatment inflammatory biomarkers based on blood cells, including neutrophil to lymphocyte ratio (NLR), prognostic nutritional index (PNI), lymphocyte to monocyte ratio (LMR), platelet to lymphocyte ratio (PLR), and Glasgow prognostic score (GPS), are developed in recent studies; and these biomarkers can act as prognostic indicators in various cancers (11–14). In addition, accumulating studies identify preoperative level of serum albumin (ALB) as a prognostic factor for cancer (15). However, there are currently few studies investigating the establishment of a scoring system that combines these inflammatory indicators for prognostic prediction in skull base chordoma patients (16).

More recently, a promising prognostic score based on levels of ALB and LMR, known as the systemic inflammation score (SIS), is proposed, and is highly associated with outcomes in colorectal cancer, oral cavity squamous cell carcinoma, and clear cell renal cell carcinoma (17–19). Until now, the role of SIS in predicting the prognosis of skull base chordoma patients remains to be elucidated. Thus, in this study, we evaluated the distribution of SIS in a relatively large cohort of skull base chordoma patients undergoing surgery and investigated the associations of SIS with patient characteristics. We also examined the prognostic impact of SIS on overall survival (OS) in skull base chordoma patients, and a nomogram including SIS and clinical variables was further developed and validated for survival prediction.



Material and methods


Patient population

This retrospective study enrolled 183 skull base chordoma patients undergoing surgery between January 2008 and September 2014 in our institute. This cohort has been previously described in our studies (20). The following inclusion criteria were applied: 1) patients were histopathologically diagnosed as chordoma and the tumor located at the skull base. 2) patients with detailed medical records, routine blood tests before surgery, and follow-up data. Exclusion criteria were as follows: 1) patients with an unclear diagnosis or tumors located at the cervical vertebra alone were not included; 2) patients who received adjuvant radiotherapy and/or chemotherapy, cancer-related operation including biopsy before their first surgery at our institute were excluded; 3) unavailable clinical/laboratory data; 4) patients with infection, inflammatory disease, hemopathy, liver/kidney disorder, other malignant diseases were excluded.



Follow-up investigation and survival analysis

Patients were recommended to follow up with physical examination, magnetic resonance imaging, and/or computed tomography every 3-6 months for the first 2 years and annually thereafter. For patients unable to come to our hospital for a check, telephone, or email was applied. The follow-up investigation was terminated in October 2019. The primary endpoint, OS, was defined as the time from operation to death or censored at the last follow-up.

For survival analysis and the development of the nomogram, 183 patients were divided into training and validation groups with a ratio of 2:1.



Data extraction

For each participant, clinical and pathological data and blood tests were gathered, including age at surgery, sex, pathological type, degree of resection, tumor size, tumor texture, tumor blood supply, brainstem involvement, preoperative complete blood cell count, and ALB level (g/L). Pathological types of chordoma were confirmed by a professional pathologist and recorded as classical, chondroid, or dedifferentiated types (2). The degree of resection was recorded as total/subtotal resection (≤ 5% residual tumor) and partial resection (> 5% residual tumor) according to the postoperative images (21).



Definition of SIS

Given the contiguous features of preoperative LMR and ALB, the optimal cutoff values, determined by the “surv_cutpoint” function of R package “survminer”, were used to transfer LMR and ALB into categorical variables (high level, > the cutoff value; and low level, ≤ the cutoff value). The threshold point was defined as the value with the maximally selected log-rank test statistics (22). The SIS was then defined based on ALB and LMR levels as previously described: score 0, patients with a high LMR and a high ALB; score 1, patients with either low LMR or low ALB; and score 2, patients with both low ALB and low LMR (17, 19).



Statistical analysis

The analysis was performed with SPSS for Windows version 19.0 (IBM Corp, Armonk, NY, USA), and R software version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria). Continuous variables were shown as median with interquartile range (IQR). Correlations between SIS, LMR, and categorical variables were analyzed by the chi-squared test, and their correlations to continuous variables were analyzed using the Kruskal-Wallis test or Wilcoxon rank-sum test. The Kaplan-Meier survival curve and log-rank test were applied to find the difference in OS between groups. Univariate and multivariate Cox proportional hazard regression model was also performed, and variables with P < 0.05 in the univariate analysis were included in the multivariate analysis. A nomogram was developed based on our multivariate analysis and previously reported prognostic-related variables (2, 4, 23). The concordance index (C-index), time-dependent receiver operating characteristic (ROC) curve, and the calibration curve were used to assess the predictive performance and accuracy of the nomogram. Decision curve analysis (DCA) was performed to evaluate the clinical value of the nomogram. A two-sided P value less than 0.05 was considered to indicate statistical significance.




Results


Patient characteristics

In total, 183 patients were included in this study. Supplementary Table S1 showed the clinicopathological characteristics of enrolled patients. There were 96 (52.5%) males and 87 (47.5%) females. The median age at admission was 41 years (IQR, 29-51 years). Respectively, 125 (68.3%), 58 (31.7%), 0 (0%) patients had classical, chondroid, and dedifferentiated chordoma. Based on the longest diameters of the coronal, sagittal, and axial axes, the median tumor size was 21.0 cm3 (IQR, 11.9-38.8 cm3). The median value of preoperative LMR was 5.35 (IQR, 4.17-6.75), and the median level of preoperative ALB was 45.8 g/L (IQR, 43.9-48.2 g/L). The excellent cutoff value of LMR was 4.75, and 44.5 g/L for ALB in the training cohort (Supplementary Figure S1). According to the above definition of SIS, the distribution of SIS in our cohort was 29 (15.8%) patients in the SIS 2 group, 60 (32.8%) patients with an SIS of 1, and 94 (51.4%) patients with an SIS of 0.



Correlations between SIS and clinicopathological findings

Relationships between SIS and clinicopathological variables were detailed in Table 1. Higher SIS was significantly correlated with older patient age (p = 0.008). In addition, patient with brainstem involvement was associated with a higher SIS (p = 0.039). Patients with higher SIS tended to have tumors with a rich blood supply, although the difference was not significant (p = 0.096). No significant differences in gender, tumor size, tumor texture, and pathology types were observed between different SIS groups (all p > 0.05). Additionally, we observed that low ALB was associated with older age (p <0.001), though no significant difference between low LMR and old age was found (p = 0.316) (20). Decreased ALB was also correlated with soft tumors and chondroid chordoma types (p = 0.023 and 0.026, respectively) (20), while LMR was not associated with tumor texture (p = 0.094) or pathological type (p = 0.311).


Table 1 | Association between SIS and clinicopathological features in skull base chordoma.





Survival analysis

The median follow-up period was 74 months (IQR, 53-96 months; range, 3-141 months). During the follow-up period, 72 (39.3%) patients died and the 5-year OS rate was 67.8% for the whole cohort. In the training cohort, Kaplan-Meier curves indicated that decreased LMR was associated with shorter OS time (median OS time, 87 months vs 125 months; 5-year OS rate, 61.9% vs 85.0%; p = 0.004) (Figure 1A). Similarly, patients with low ALB had adverse OS than that of patients with high ALB (median OS time, 73 months vs not reached; 5-year OS rate, 61.1% vs 83.7%; p < 0.001, Figure 1B) (20). Moreover, we found that patients with higher SIS were correlated with worse OS (p < 0.001, Figure 1C). Specifically, significant differences of OS were observed between SIS = 2 group and SIS = 1 group (median OS time, 47 months vs 110 months; 5-year OS rate, 38.9% vs 81.0%; p = 0.001) or SIS = 0 group (median OS time, 47 months vs 125 months; 5-year OS rate, 38.9% vs 85.5%; p < 0.001). In the validation cohort, we also observed that low LMR was correlated with shorter OS time (median OS time, 59 months vs 107 months; 5-year OS rate, 52.4% vs 77.2%; p = 0.024) (Figure 2A). Additionally, low ALB was associated with decreased 5-year OS rate (median OS time, 49 months vs not reached; 5-year OS rate, 36.1% vs 78.1%; p = 0.001) (Figure 2B). Importantly, patients with higher SIS were correlated with worse OS outcome (median OS time, 38 months, 59 months, and not reached, respectively; 5-year OS rate, 87.5%, 42.8%, and 24.2%, respectively; p = 0.003) (Figure 2C).




Figure 1 | Kaplan-Meier survival analysis of LMR, ALB, and SIS in the training cohort. (A) Low LMR correlated with a poor OS. (B) Low ALB correlated with an adverse OS. (C) High SIS was associated with a poor OS. LMR, lymphocyte to monocyte ratio; ALB, albumin; SIS, systemic inflammation score; OS, overall survival.






Figure 2 | Kaplan-Meier survival analysis of LMR, ALB, and SIS in the validation cohort. (A) Low LMR correlated with a poor OS. (B) Low ALB correlated with an adverse OS. (C) High SIS was associated with a poor OS. LMR, lymphocyte to monocyte ratio; ALB, albumin; SIS, systemic inflammation score; OS, overall survival.



We also performed a subgroup analysis of LMR, ALB, and SIS stratified by degree of resection. For patients with total/subtotal resection, decreased ALB (p < 0.001 in the training cohort and p = 0.003 in the validation cohort) and high SIS (p < 0.001 in the training cohort and p = 0.024 in the validation cohort) were associated with unfavorable OS, low LMR tended to correlate with poor OS (p = 0.197 in the training cohort and p = 0.107 in the validation cohort) (Figure 3). For patients with partial resection, we also confirmed the potential prognostic value of LMR (p = 0.011 in the training cohort), ALB (p = 0.052 in the training cohort and p = 0.006 in the validation cohort), and SIS (p = 0.024 in the training cohort and p = 0.071 in the validation cohort) (Figure 4).




Figure 3 | Kaplan-Meier survival analysis of LMR, ALB, and SIS in skull base chordoma with total or subtotal resection. (A) OS analysis of LMR in the training cohort. (B) OS analysis of ALB in the training cohort. (C) OS analysis of SIS in the training cohort. (D) OS analysis of LMR in the validation cohort. (E) OS analysis of ALB in the validation cohort. (F) OS analysis of SIS in the validation cohort. LMR, lymphocyte to monocyte ratio; ALB, albumin; SIS, systemic inflammation score; OS, overall survival.






Figure 4 | Kaplan-Meier survival analysis of LMR, ALB, and SIS in skull base chordoma with partial resection. (A) OS analysis of LMR in the training cohort. (B) OS analysis of ALB in the training cohort. (C) OS analysis of SIS in the training cohort. (D) OS analysis of LMR in the validation cohort. (E) OS analysis of ALB in the validation cohort. (F) OS analysis of SIS in the validation cohort. LMR, lymphocyte to monocyte ratio; ALB, albumin; SIS, systemic inflammation score; OS, overall survival.



In the univariate Cox analysis of the training cohort, LMR, ALB, and SIS were associated with OS as well as age at admission, tumor pathology, degree of resection, and lymphocyte count. Moreover, multivariate analysis including these variables revealed that SIS was an independent prognostic indicator for OS (Table 2). Consistently, in the validation cohort, higher SIS was independently associated with adverse survival (Table 3).


Table 2 | Univariate and multivariate Cox proportional analysis of OS in the training cohort.




Table 3 | Univariate and multivariate Cox proportional analysis of OS in the validation cohort.





Prognostic nomogram for OS

We then developed the nomogram integrating SIS and significant clinical variables for clinical OS prediction (Figure 5A). The C-indexes of the nomogram were 0.791 (95% CI, 0.720-0.861) in the training cohort and 0.798 (95% CI, 0.727-0.868) in validation cohort. Time-dependent ROC also revealed the satisfying prediction performance of the SIS-based nomogram during the follow-up time (Figure 5B). Moreover, calibration curves for 3-year, 5-year, and 8-year OS suggested favorable agreements between the nomogram and actual observation in both training and validation cohorts (Figure 6A). Importantly, DCA, a tool to assess the clinical values of models, showed that the SIS-based nomogram had higher net benefits (Figure 6B).




Figure 5 | Development and validation of a nomogram for OS prediction in skull base chordoma. (A) Nomogram for OS prediction. (B) Time-dependent ROC curve of the nomogram. SIS, systemic inflammation score; OS, overall survival; ROC, receiver operating characteristic.






Figure 6 | The nomogram showed satisfactory performance for OS prediction in the training and validation cohort. (A) 3-year, 5-year, and 8-year OS calibration curves of the nomogram. (B) Decision curve analysis of the nomogram for OS. OS, overall survival.






Discussion

In the current study, we described the distribution of SIS in newly diagnosed skull base chordoma and investigated its associations with the clinical features of patients. To our knowledge, the current study was the first report to characterize the prognostic role of SIS in chordoma. Our results showed that higher SIS was correlated with older patient age and brainstem involvement of the tumor, and the multivariate analysis demonstrated that high SIS could independently predict adverse OS. Moreover, a nomogram including SIS and significant clinical variables showed a favorable prediction ability for OS. Our data highlighted the SIS-based nomogram may be of important value for clinical survival prediction, and further supported that drugs targeting inflammation may be a promising therapy for chordoma.

The role of inflammation, a prevalent characteristic of cancer, on tumor pathogenesis and progression has gained much attention in recent years (7, 24). Increasing research has indicated that inflammatory cytokines in tumors, including tumor-infiltrating lymphocyte and tumor-infiltrating neutrophils, play essential roles in tumor oncogenesis and patient outcome (25, 26). Moreover, tumor-associated macrophage was also correlated with poorer outcome and therapy resistance in cancer (27). In addition, the peripheral blood cells of cancer patients, such as neutrophil, monocyte, and lymphocyte, and further pretreatment NLR, PLR, and LMR showed effective prognostic values in various cancers (11, 13). Recently, one retrospective study by Hu et al. investigated the role of inflammatory indexes including NLR, PLR, and monocyte lymphocyte ratio (MLR) in 172 chordoma patients (16). However, the authors found that preoperative MLR was not correlated with patient OS, which is inconsistent with the finding in this study. Our result of Kaplan-Meier analyses showed that low LMR was associated with unfavorable OS in skull base chordoma (p = 0.004 in the training cohort and 0.024 in the validation cohort). Several differences exist in the current study compared to Hu’s study, which may help explain the inconsistency. First, the study populations differed from each other; in the study of Hu, 79 skull base chordoma, 43 spine chordoma, and 50 sacrum chordoma were enrolled while our study only involved skull base chordoma. Spine chordoma often correlated with metastasis while limited metastasis was reported in skull base chordoma patients, and metastasis was identified as a significant prognostic factor for outcome (2, 28). Given the potential differences between spine chordoma and skull base chordoma, the results may be biased by the analysis of the entire cohort without stratification by tumor location. Second, the cut-off values were not consistent; the cutoff value of MLR was 0.36 (LMR, 2.78) in the study of Hu, while the cutoff value of LMR in the current study was 4.75. Finally, methods determining cutoff values were not the same; R package “survminer” was used in the current study while ROC analysis was applied in Hu’s study.

SIS attracts accumulating attention in recent studies for its integration of ALB and LMR, which may indicate the status of both nutrition and systemic inflammation in patients (17). Increasing studies have shown the prognostic value of SIS in cancer patients (19, 29). In our study, similar to previous studies, we found high SIS was correlated with older age and brainstem invasion, and SIS was independently associated with OS, identifying SIS as a novel risk stratification system for skull base chordoma. Given the difficulty and high risk of surgery involving the brainstem, patients with a high SIS may need a more careful preoperative preparation such as navigation-assisted operation, and electrophysiological monitoring, aiming for maximal safe resection and less possibility of recurrence. Moreover, patients with high SIS are recommended to receive closer monitoring after surgery and a more radical therapeutic option due to the increased risk of death (SIS = 1 vs SIS = 0, 1.702 times; SIS = 2 vs SIS = 0, 4.626 times in the training cohort).

The reason for the prognostic role of SIS in cancer is largely unclear, and previous studies proposed that it may be elucidated by the role of lymphocyte, monocyte, and ALB. The lymphocyte is recognized as an essential component of the immune system and it contributes to immune surveillance of cancer cells, inhibition of tumor cell growth, and metastasis via secreting various cytokines (30). A decrease in lymphocytes may lead to an insufficiency of the immune response to cancer, and it is correlated with poor outcomes in various cancers (31). In contrast, monocyte-derived tumor-associated macrophage in tumor tissues can act as a cancer-promoting role by enhancing tumor cell proliferation, increased angiogenesis, stroma remodeling, and inhibiting antitumor immunity (32). Moreover, monocyte count is correlated with survival in cancer patients (33). Therefore, the association between low LMR and adverse outcome is found in cancer patients in recent studies (13). ALB, which is regarded as an index of nutrition, is also a negative acute phase protein involved in systemic inflammation response (10). Previous studies indicated the association between low ALB and poor prognosis, which may be explained by the abnormal response to surgical stress, insufficient immune defense, and increased risks of complications (34).

Several limitations existed in this study. First, retrospective nature may be subject to selection bias. The prognostic role of SIS in chordoma remains to be elucidated in future large-scale research. In addition, preoperative C-reactive protein and pretreatment GPS were not collected due to the not routine measurement in examinations; and their associations with SIS were not analyzed in this study, while the previous study showed the prognostic value of C-reactive protein in chordoma (35). Finally, the associations between SIS and inflammatory cells in tumor tissues such as tumor-infiltrating lymphocyte were not analyzed (36).

In summary, our results reveal that SIS is an independent prognostic indicator of OS in skull base chordoma, and the SIS-based nomogram can act as a clinically preoperative risk stratification tool for the decision-making of individualized therapy for skull base chordoma patients.
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