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The systemic inflammation response index (SIRI) has been revealed to be closely related to the prognosis of a variety of tumors. Whether the dynamic change in SIRI before and after surgery can be used to judge the prognosis of patients after radical gastrectomy has not yet been studied. In this study, the predictive ability of preoperative SIRI and changes in SIRI before and after surgery for the survival rate of gastric cancer patients was evaluated in two independent cohorts. It was found that SIRI was closely related to TNM staging. The higher the TNM stage, the higher the proportion of patients with a high SIRI. However, SIRI was not related to any other clinicopathological parameters. Kaplan-Meier survival analysis showed that a high SIRI was associated with poor prognosis in gastric cancer patients in the original cohort and in the validation cohort. SIRI, NLR, PLR, and MLR could be used to judge the prognosis of patients with operable gastric cancer. However, multivariate analysis suggested that only SIRI was an independent prognostic factor for patients with operable gastric cancer. In addition, the change in SIRI at 4 to 6 weeks after surgery compared with SIRI before surgery was closely related to the survival of gastric cancer patients. Compared with the unchanged group (absolute variation <50%), gastric cancer patients with a SIRI increase >50% had a worse OS, while patients with a SIRI decrease >50% had a better prognosis. In conclusion, SIRI can be used as a reliable index to evaluate the prognosis of patients with operable gastric cancer, and the dynamic change in SIRI before and after surgery is significantly related to the prognosis of patients with gastric cancer.
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Introduction

Gastric cancer is one of the most common causes of cancer deaths around the world (1), and it is also the second most common cancer and the third major cause of cancer-related death in China (2). Although great progress has been made in the diagnosis and treatment of gastric cancer in recent years, the 5-year survival rate is relatively low due to the local recurrence or metastasis of primary gastric cancer after resection, making it a global burden.

Studies have confirmed that the microenvironment dominated by inflammatory mediators plays key roles in the occurrence and progression of gastric cancer (3, 4). Generally, the individual’s systemic inflammatory state will be reflected in the changes in the relative levels of circulating white blood cells (WBCs) in the peripheral blood, mainly manifested as changes in neutrophils, monocytes, and lymphocytes. However, the individual’s inflammatory response is a complex process involving many cells and molecules. Increasing numbers of studies have found that peripheral blood neutrophils, platelets, WBC counts, lymphocytes, monocytes, platelet/lymphocyte ratio (PLR), neutrophil/lymphocyte ratio (NLR), and monocyte/lymphocyte ratio (MLR) are closely related to the therapeutic effect and prognosis of gastric cancer patients (5–8). Recently, Qi et al. established a novel systemic inflammation response biomarker, the systemic inflammation response index (SIRI), which is based on peripheral neutrophil, monocyte, and lymphocyte counts. It has been confirmed that SIRI can be used to predict the outcomes of pancreatic cancer patients undergoing chemotherapy to help improve the treatment effect (9). Subsequently, SIRI was found to be closely related to the prognostic value of many other tumors, and this finding has been confirmed in multiple studies. Li et al. confirmed that SIRI is a useful prognostic index for gastric cancer patients, and patients in the low SIRI group can benefit significantly from postoperative adjuvant chemotherapy (10). Zhang et al. also found that the SIRI can predict the overall survival (OS) of patients with gastric cancer after surgery, and the prognosis of patients with high SIRI is poor (11). The dynamic changes in SIRI before and after surgery can also be used to evaluate the OS of patients with esophageal and cervical cancer (12, 13). However, the impact of the dynamic changes in SIRI before and after gastric cancer surgery on the prognosis of patients has not been evaluated. This study explored the impact of inflammatory response-related indexes on the prognosis of patients with resectable gastric cancer and evaluated the predictive ability of preoperative SIRI and changes in SIRI before and after surgery for the survival rate of gastric cancer patients in two independent cohorts to guide clinical practice and to improve the clinical outcomes of gastric cancer patients.



Methods


Patients

In this study, gastric cancer patients who underwent radical gastrectomy at Yancheng City No. 1 People’s Hospital from 2011 to 2016 were enrolled (n=442) as the primary cohort. In addition, patients with gastric cancer who underwent radical resection (n=152) were enrolled from Yancheng Third People’s Hospital as the validation cohort. The inclusion criteria were as follows. 1) Gastric cancer was diagnosed based on histological evidence and the eighth edition of the AJCC classification. 2) The pathological type of all patients was gastric adenocarcinoma, and other gastric malignancies, such as lymphoma, gastrointestinal stromal tumor, and residual gastric cancer, were excluded from the study. All patients with gastric cancer underwent full or partial gastrectomy and standard lymphadenectomy. 3) There was no antitumor treatment before surgery, such as chemotherapy or radiotherapy. 4) The life expectancy was ≥ 3 months after surgery. 5) None of the patients had blood diseases, infections or a high fever. 6) All patients had routine blood data 1 week before the operation and routine blood data 4–6 weeks after the operation. The original cohort group included 442 patients. The validation cohort included 152 patients. All patients signed informed consent forms. All studies were conducted in accordance with the Helsinki Declaration. This retrospective study was approved by the Ethics Committee of the First People’s Hospital of Yancheng and the Third People’s Hospital of Yancheng.



Follow-Up

After surgery, each patient was regularly followed up until December 2018 or until death. Routine examinations were carried out at each follow-up. The OS was calculated from the date of the operation to December 2018 or death. The follow-up period of the original cohort ranged from 4 to 68 months, with a median follow-up time of 35 months.



SIRI

Peripheral venous blood was collected within 3 days before surgery and 4–6 weeks after surgery. The counts of the lymphocytes, neutrophils, monocytes, and platelets in the collected samples were detected using a fully automatic peripheral blood analyzer. NLR, PLR, MLR, and SIRI were detected according to previous formulas (12). Receiver operating characteristic (ROC) curve analysis was used to determine the optimal cut-off values of NLR, PLR, MLR, and SIRI. SIRI within 3 days before the operation was used as the baseline. The dynamic change in SIRI was calculated as a percentage [(SIRI at 4–6 weeks after operation—baseline SIRI)/baseline SIRI×100] and divided into 3 groups [decrease>50%, no change (decrease or increase of no more than 50%), and increase >50%] (Figure 1).




Figure 1 | The formula of systemic inflammation response index (SIRI) and dynamic changes in SIRI.





Statistical Analysis

The statistical method used was similar to that used in our previous article (6). SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis.




Results


Clinical Characteristics of the Patients

In the primary cohort group (n=442), there were 295 males (66.7%) and 147 females (33.3%) aged 23–89 years (57 years on average). In terms of the Lauren classification, there were 198 cases (44.8%) of the intestinal type, 73 cases (16.5%) of the diffuse type, and 171 cases (38.7%) of the mixed type. Based on the 8th AJCC stage, 101 (22.9%), 136 (30.8%), and 205 (46.4%) patients were in stages I, II, and III, respectively. Other clinicopathological parameters of the original cohort patients and the validation cohort patients are shown in Table 1.


Table 1 | Clinicopathological characteristics of patients with gastric cancer in primary cohort and validation cohort.



The optimal cut-off value based on the primary cohort was determined by ROC curve analysis as follows: NLR 1.32, PLR 128, MLR 0.24, and SIRI 0.85. Then, the patients were divided into two groups according to the cut-off value. Subsequently, the correlations between SIRI and the clinicopathological characteristics were analyzed in the primary cohort, and it was found that SIRI was closely related to the AJCC stage. The higher the TNM stage was, the higher the proportion of a high SIRI (Table 2). SIRI had no statistical relationships with sex, age, tumor location, histological grade, Lauren type, tumor size, lymphovascular invasion, perineural invasion, or adjuvant chemotherapy (Table 2). Similar results were obtained in the validation cohort (Table 2).


Table 2 | Baseline characteristics for patients with SIRI ≤ 0.85 versus SII>0.85 in primary and validation cohort.





Survival Analysis

Survival analysis and the log-rank test were used to analyze the relationships between SIRI, NLR, PLR, MLR, and the postoperative survival time of patients. In the primary cohort, Kaplan-Meier survival curves showed that the median OS of gastric cancer patients with SIRI ≤0.85 was 65 months, which was significantly longer than that of patients with SIRI >0.85 (22 months) (P<0.001) (Figure 2A). The OS of patients with NLR ≤1.32, PLR ≤128, and MLR ≤0.24 was significantly higher than that of patients with NLR>1.32, PLR>128, and MLR>0.24 (Figures 2B–D). Compared with NLR, PLR, and MLR, the area under the curve (AUC) of SIRI for the 3- and 5-year survival rates of gastric cancer patients was larger, indicating that SIRI has a better prognostic value for gastric cancer patients than the other systemic inflammation indexes (Figures 2E, F). In the validation cohort, patients with gastric cancer with SIRI ≤0.85, NLR ≤1.32, PLR ≤128, and MLR ≤0.24 also had significantly longer OS times than those with SIRI >0.85, NLR >1.32, PLR >128, and MLR >0.24 (Figures 3A–D). The AUC of SIRI before surgery was also larger than that of the other systemic inflammatory indexes (Figures 3E, F). The prognostic value of SIRI before surgery was confirmed in two different cohorts, and its value for judging the prognosis was greater than that of NLR, PLR, and MLR.




Figure 2 | The prognostic significance of the systemic inflammation response index (SIRI) (A), neutrophil/lymphocyte ratio (NLR) (B), platelet/lymphocyte ratio (PLR) (C), and monocyte/lymphocyte ratio (MLR) (D) in gastric cancer in the primary cohort. Predictive ability of the SIRI in gastric cancer was compared with PLR, NLR and MLR by receiver operating characteristic (ROC) curves in 3 years (E) and 5 years (F) in the primary cohort.






Figure 3 | The prognostic significance of the systemic inflammation response index SIRI (A), neutrophil/lymphocyte ratio (NLR) (B), platelet/lymphocyte ratio (PLR) (C), and monocyte/lymphocyte ratio (MLR) (D) in gastric cancer in the validation cohort. Predictive ability of the SIRI in gastric cancer was compared with PLR, NLR, and MLR by receiver operating characteristic (ROC) curves in 3 years (E) and 5 years (F) in the validation cohort.



Univariate analysis using Cox regression models confirmed the clinicopathological parameters that were useful for predicting the clinical prognosis. In the primary cohort, univariate analysis found that the tumor location, grade, tumor size, perineural invasion, TNM stage, and systemic inflammation indexes were significant prognostic factors for affecting gastric cancer patients. Subsequent multivariate analysis showed that grade, TNM stage, and SIRI were independent risk factors for OS (Table 3). The results of the validation cohort were basically similar, but it was found that grade was not a factor correlated with the prognosis of gastric cancer patients (Table 3).


Table 3 | Univariate and multivariate cox regression analyses for overall survival in patients with gastric cancer.





Prognostic Value of Dynamic Changes in SIRI

The dynamic change in SIRI was calculated as described above and then divided into three groups [decrease>50%, no change (decrease or increase of no more than 50%), and increase>50%]. We retrospectively analyzed whether the dynamic change of the SIRI was related to adjuvant therapy. In the primary cohort, 163/274 patients with SIRI no change, 53/88 patients with SIRI decrease>50%, and 49/80 patients with SIRI increase>50% received chemotherapy. In the verification cohort, there were 38/55, 21/44, and 36/53 patients who received chemotherapy in the SIRI no change group, SIRI decrease>50% group, and SIRI increase>50% group. The dynamic change of the SIRI had no correlation with the proportion of adjuvant chemotherapy, whether in the primary cohort or the verification cohort. In the primary cohort, the Kaplan-Meier survival curve showed that the OS of patients with SIRI decrease >50% was significantly higher than that of patients with no change in SIRI (P<0.001), while patients with SIRI increase >50% had significantly lower OS rates than patients with no change in SIRI (P<0.001) (Figure 4A). Multivariate analysis showed that dynamic change in SIRI is an independent prognostic factor for gastric cancer (Table 3). Then, the AUC was used to compare the prognostic value of SIRI and TNM stage. The results showed that the 3- and 5-year survival rates of gastric cancer patients were predicted successfully. The AUC of the SIRI change was larger than that of the SIRI and the TNM stage, suggesting that the change in SIRI has a better prognostic value for patients with gastric cancer than SIRI and TNM stage (Figures 4B, C). In the validation cohort, the same results were obtained (Figures 4D–F). The two cohorts also confirmed that the dynamic changes in SIRI could be used to evaluate the prognosis of operable gastric cancer, and the prognostic value was not less than that of the TNM stage.




Figure 4 | (A) Dynamic changes of systemic inflammation response index (SIRI) before and after radical gastrectomy had significant effects on survival in the primary cohort. Predictive ability of SIRI, dynamic changes of SIRI was compared with TNM stage by receiver operating characteristic (ROC) curves in 3 years (B) and 5 years (C) in the primary cohort. (D) Dynamic changes of SIRI before and after radical gastrectomy had significant effects on survival in the validation cohort. Predictive ability of SIRI, dynamic changes of SIRI was compared with TNM stage by ROC curves in 3 years (E) and 5 years (F) in the validation cohort.






Discussion

In recent years, tumor-related inflammation has become one of the new hot spots in tumor research (14). The inflammatory state of the immune system microenvironment and its changes are related to tumor development (3). Previous studies have found that some systemic immune response indexes, such as CRP, NLR, the Glasgow Prognosis Score (GPS), and PLR, can predict the clinical outcomes of gastric cancer patients (5–8). A number of recent studies have shown the prognostic value of SIRI in a variety of cancers (12, 13, 15). Li and Zhang separately confirmed that SIRI is a useful prognostic index for identifying gastric cancer patients with a poor prognosis, and the prognosis of patients with a high SIRI is poor (10, 11). In this study, we independently evaluated the prognostic value of the preoperative SIRI, NLR, PLR, and MLR in patients undergoing radical gastrectomy in two centers and found that SIRI is an independent prognostic factor for the OS of patients undergoing radical gastrectomy, and the ability of SIRI to predict patient outcomes is superior to that of the other inflammatory indexes. In addition, the dynamic changes in SIRI before and after surgery can also be used to evaluate the prognosis of patients with gastric cancer, and its the prediction ability is better than that of TNM stage. This is the first report of the prognostic value of the dynamic changes in SIRI before and after surgery in gastric cancer. SIRI have the advantages of high accessibility, low cost and reproducibility. Similar to the classical tumor markers, it can change with the changes of tumor load and immune response status in patients. The dynamic changes could accurately reflect the trend of tumor progression and response to therapy. In addition, SIRI was able to reflect the status of the local immune response and systemic inflammation. Therefore, SIRI may serve as an “immunologic signature” in gastric cancer and potentially could be used to predict response to immunotherapy, which would allow clinicians to tailor future therapies for those patients who would benefit most from immunotherapy (9).

Studies have revealed that increased numbers of neutrophils can secrete a large amount of reactive oxygen species, induce cellular DNA damage and trigger genetic instability, causing tumorigenesis and promoting tumor progression in the tumor microenvironment (16). Increased levels of circulating neutrophils secrete angiogenic cytokines, such as VEGF, which is beneficial for tumor angiogenesis (17). As an important part of the body’s immune response function, lymphocyte populations play an important role in antitumor immunity. In the process of tumorigenesis, lymphocytes in the peripheral blood can migrate to the tumor microenvironment, form TILs, and exert antitumor effects (18). Among them, CD8+ cytotoxic lymphocytes (CTLs) are considered to be the main antitumor immune effector cells. They can recognize tumor antigens and directly cause tumor cell death. When activated, these cells can produce cytotoxins such as perforin and granzyme to kill tumor cells or induce tumor cell apoptosis through the Fas-FasL pathway. In addition to CD8+ T cells, CD4+ helper T cells also play an important role in the body’s antitumor immunity. In recent years, the role of monocytes and their differentiated macrophages in tumorigenesis and progression has gradually attracted the attention of researchers, but the specific mechanism has not yet been fully elucidated. Peripheral blood monocytes chemotactically migrate to the tumor microenvironment and may promote tumor progression through the following mechanisms. (1) These tumor-acclimated monocytes upregulate the expression levels of CCL2, CCL17, CCL24, CXCL6, and other chemokines and recruit these chemokines, myeloid-derived inhibitory cells and regulatory T cells, thereby causing negative immune regulation (19). (2) Monocytes enhance the function of IL-6 and GM-CSF and other tumor-promoting cytokines (20). (3) Monocytes can express PD-L1, CTLA4, and other common inhibitors at high levels, causing strong immunosuppression in the tumor microenvironment (21). (4) Monocytes secrete matrix metalloproteinases such as MMP-2 and MMP-9 and accelerate tumor metastasis by regulating epithelial proliferation and angiogenesis (22). Since SIRI is calculated based on peripheral neutrophil, monocyte and lymphocyte counts, we can only speculate from the possible outcomes of these three cells disorder. SIRI is a more objective marker for the balance of the host inflammation and immune response. It reflected the complex interactions and potentially synergistic effects among neutrophils, monocytes/macrophages, and lymphocytes in the tumor microenvironment. An increase in SIRI may represent something happening at the pathophysiologic level with micrometastatic disease/cancer stem cells, or it may represent a change in the patient’s immune function after surgery. Therefore, we need further research to explore the underlying mechanism that increased SIRI can be used to predict the recurrence of gastric cancer.

It is undeniable that our study has certain limitations. (1) This study is a retrospective analysis, and future prospective, large sample studies are needed to verify the prognostic value of SIRI in gastric cancer and determine the best SIRI cut-off value. (2) This study did not test a variety of inflammatory cells, such as TILs and TAMs, in tumor tissue samples. Whether the peripheral blood cell count can accurately reflect inflammation and immune status in the tumor microenvironment is unknown. (3) The related mechanisms of the dynamic change in SIRI and the prognostic prediction of gastric cancer are still unclear and need to be studied and confirmed in depth. (4) We have tried to use disease free survival (DFS) as an indicator of prognosis. However, the patients included in this study came from different hospitals, and the frequency of postoperative follow-up was different, and some were even irregular, resulting in inaccurate recurrence time: inaccurate DFS will affect the accuracy of the results. So DFS cannot be used as outcome measure in this study. Despite these limitations, we believe that the results of this study c support the prognostic value of SIRI in gastric cancer.

In general, SIRI can be used as a reliable index to evaluate the prognosis of patients with operable gastric cancer, and the dynamic changes in SIRI before and after surgery are significantly related to the prognosis of patients with gastric cancer. As a non-invasive, low-cost, simple, and repeatable index, the SIRI can more objectively and reliably predict the survival of gastric cancer patients after a radical operation and help clinicians stratify the risk of death of gastric cancer patients and formulate reasonable individualized treatment plans.
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