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Background

Systemic immune-inflammation index (SII) has recently emerged as a biomarker for the prognosis of a variety of malignant tumors. However, the role of SII in bladder cancer (BC) remains unclear. To this end, we performed a pooled analysis to investigate the prognostic value of preoperative SII in patients with BC.



Methods

A comprehensive search of electronic databases (PubMed/Medline, Web of Science, Scopus, and Cochrane Central Register of Controlled Trials) was conducted to determine the eligible studies that were published until January 2022. Pooled hazard ratios (HRs) and odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to evaluate the association between preoperative SII and the prognosis and clinicopathological characteristics of BC.



Results

Ten studies with 7,087 patients were included in this analysis. SII was observed to be correlated with inferior overall survival (HR = 1.22, 95% CI 1.04–1.44, p = 0.013), p = 0.066), cancer-specific survival (HR = 1.68, 95% CI 1.14–2.47, p = 0.009), and recurrence-free survival (HR = 1.29, 95% CI 1.03–1.61, p = 0.027). An increased preoperative SII was also associated with poor tumor differentiation, higher tumor stage, presence of lymph node involvement, and tumor size ≥3 cm (all p < 0.05).



Conclusions

An elevated preoperative SII is significantly associated with worse survival outcomes and adverse pathological features in patients with BC. Hence, SII may serve as a strong independent prognostic predictor for patients with BC after surgery.
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Introduction

Bladder cancer (BC) is one of the common urological malignancies, with an estimated 573,000 new BC cases and 213,000 deaths worldwide in 2020 (1). The disease could be divided into two subtypes, namely, non-muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), according to different clinical progressions and prognoses. Approximately 75% of patients initially present with NMIBC, as NMIBC is associated with a lower risk of death and intravesical recurrence, the 5-year risk of recurrence ranges from 30% to 80%, even after transurethral resection of bladder tumor (TURBT) treatment (2, 3). In addition, despite the administration of postoperative adjuvant drug chemotherapy or immunotherapy, the 5-year overall survival (OS) rate for MIBC is approximately only 50%, and the risk of recurrence is high (4). Therefore, useful biomarkers should be sought in clinical practice to help diagnose, evaluate, and determine the prognosis of BC.

Accumulating evidence suggests that inflammatory responses in the tumor microenvironment (TME) might play a critical role in bladder tumorigenesis, proliferation, progression, and metastasis (5, 6). Inflammation can lead to leukocytosis, neutropenia, and thrombocytopenia. Therefore, various blood-based markers of inflammation, including neutrophil–lymphocyte ratio (NLR), platelet–lymphocyte ratio (PLR), and lymphocyte–monocyte ratio (LMR) have been explored to improve prognostic tools for BC risk stratification and outcomes (7). However, these markers integrate only two types of immune cells, and their predictive and prognostic capabilities are inadequate. The systemic immune-inflammation index (SII) is a novel index based on the count of neutrophils, lymphocytes, and platelets, which is reportedly correlated with survival outcomes for a variety of cancers (8).

Although previous studies have explored the prognostic value of SII in BC patients, the results were not consistent. SII was considered an important prognostic factor in some studies (9–11), whereas other studies have found no significant association between SII and survival outcomes of BC (12, 13). Therefore, this study aimed to use the available data to evaluate the prognostic role of preoperative SII in patients with BC and the association between SII and clinicopathological features of BC.



Materials and Methods


Protocol

This study was conducted following the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline (14) and was registered in PROSPERO (CRD42021274320, website link: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=274320).



Literature Search

We searched electronic databases including PubMed/Medline, Web of Science, Scopus, and Cochrane Central Register of Controlled Trials to determine the studies published from inception to January 2022 in the English language. A literature search was performed using the following search terms: (bladder cancer OR bladder neoplasms OR bladder tumor OR bladder carcinoma OR BC) AND (systemic immune-inflammation index OR SII). To supplement the identified citations, we also searched the list of references for relevant reviews and meta-analyses. Discrepancies were addressed through discussion or ultimately resolved by a third-party adjudication.



Selection Criteria

Studies were included based on the following criteria: (i) patients had been histopathologically diagnosed with MIBC or NMIBC; (ii) hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) for preoperative SII and survival outcomes, including OS, cancer-specific survival (CSS), and/or recurrence-free survival (RFS) had been reported or the relationship between SII and clinicopathological characteristics of BC had been obtained; and (iii) a cutoff value for preoperative SII had been stated. The categories of studies excluded were as follows: (i) basic research or animal studies; (ii) reviews, meta-analyses, comments, conference abstracts, case reports, and unpublished research; (iii) studies in which data were unavailable or insufficient; and (iv) duplicate publications.



Data Extraction and Quality Assessment

The data from qualified publications were extracted by two evaluators separately, and discrepancies were discussed through negotiation or ultimately resolved by third-party adjudication. The data extracted constituted of the following: name of first author, year of publication, study area, study design, type of tumor, treatment, sample size, age of enrolled patients, cutoff value for SII, method of analysis, survival outcomes, and follow-up period. In addition, all of the survival outcomes were directly presented as HRs and corresponding 95% CIs. The primary outcome of this meta-analysis was the OS, and the secondary outcomes were CSS and RFS. Data from multivariate analysis were used when the data in a study had been analyzed in two ways simultaneously. The methodological quality of each included study was assessed using the Newcastle–Ottawa Scale (9 points highest score) (15). In this meta-analysis, we considered studies with a score from 7 to 9 to be of high quality.



Statistical Analyses

Pooled HRs with 95% CIs were used to assess the association between preoperative SII and survival outcomes. Cochran’s Q and Higgin’s I2 tests were used to estimate heterogeneity among studies. I2 > 50% or p < 0.10 indicated significant heterogeneity. This meta-analysis used a random-effects model for pooled analysis. Moreover, subgroup analysis was conducted to explore potential sources of heterogeneity. Sensitivity analyses were also conducted to assess the effect of individual study data on survival outcomes. Pooled odds ratios (ORs) were used to identify the relationship between SII and clinicopathological factors, with 95% CIs calculated for both. Begg’s test was used for any potential publication biases. All statistical analyses were performed using Stata v. 15. P-value <0.05 was considered statistically significant.




Results


Study Characteristics

A detailed flowchart of the study selection process is presented in Figure 1. A computer search initially identified 95 studies, and 52 studies remained after duplicate publications were removed. After having read the titles and abstracts, 35 articles were excluded. Full texts of 17 studies were then reviewed, with 7 studies excluded. Finally, 10 studies that comprised 7,087 patients were included in this meta-analysis (9–13, 16–20). All the included studies have been published within the last 3 years (2019–2021); five studies focused on NMIBC (11, 16, 17, 19, 20) and the other five studies on MIBC (9, 10, 12, 13, 18). Notably, all of the 10 studies were retrospective, and six of them had been conducted in China (9, 11, 12, 16, 19, 20), two in Europe and United States (10, 17), one in Turkey (13), and one in Japan (18). The sample size in the included studies ranged from 79 to 4,335 patients, with the median patient age ranging from 53.6 to 73 years, and the cutoff values of SII ranged from 276 to 896. Seven studies reported the association between SII and OS (9, 10, 12, 13, 16–18), four between SII and CSS (10, 16–18), and six investigated associations between SII and RFS (10–12, 17, 19, 20). Additionally, six studies provided data on the association between SII and clinicopathological characteristics of patients (9, 10, 16–18, 20). None of the studies had an NOS score below 7, indicating that the overall quality of the included studies was high. The main features of the nine included studies are presented in Table 1.




Figure 1 | Flow diagram of the study selection process.




Table 1 | Baseline characteristics of include studies and methodological assessment.





Prognostic Significance of Systemic Immune-Inflammation Index on Overall Survival in Patients With Bladder Cancer

Seven studies involving 6,357 patients reported an association between preoperative SII and OS in patients with BC (9, 10, 12, 13, 16–18). The pooled analysis indicated that patients with an increased preoperative SII had a significantly worse OS (HR = 1.22, 95% CI 1.04–1.44, p = 0.013), with significant heterogeneity between studies (I2 = 81.1%, p < 0.001) (Figure 2 and Table 2). We also conducted subgroup analyses by ethnicity, tumor type, cutoff value, and sample size. High SII was also significantly associated with poor OS in subgroups with Caucasian ethnicity (p = 0.006), patients with MIBC (p = 0.043), patient sample size >200 (p = 0.031), and cutoff value >550 (p = 0.006) (Table 2).




Figure 2 | Forest plot of the association between systemic immune-inflammation index and overall survival in patients with bladder cancer.




Table 2 | Subgroup analyses of OS, CSS, and RFS.





Prognostic Significance of Systemic Immune-Inflammation Index on Cancer-Specific Survival in Patients With Bladder Cancer

Four studies comprising 5,987 patients reported on the prognostic effect of preoperative SII on CSS in BC patients (10, 16–18). The pooled analysis demonstrated that higher preoperative SII in BC patients was an independent predictor of CSS (HR = 1.68, 95% CI 1.14–2.47, p = 0.009), with significant heterogeneity (I2 = 73.6%, p = 0.011) (Figure 3 and Table 2). Furthermore, an elevated SII was significantly associated with inferior CSS in patients with Asian ethnicity (p = 0.001), sample size ≤200 (p = 0.028), and cutoff values ≤550 (p = 0.001) (Table 2).




Figure 3 | Forest plot of the association between systemic immune-inflammation index and overall survival in patients with bladder cancer.





Prognostic Significance of Systemic Immune-Inflammation Index on Recurrence-Free Survival in Patients With Bladder Cancer

Data for RFS analysis were extracted from six studies comprising 5,931 patients (10–12, 17, 20). The pooled analysis revealed that patients with an elevated preoperative SII had an inferior RFS (HR = 1.29, 95% CI 1.03–1.61, p = 0.027). Significant heterogeneity among these studies was also observed (I2 = 92.9%, p < 0.001) (Figure 4 and Table 2). However, a higher SII was not associated with a worse RFS regardless of the ethnicity, tumor type, sample size, or cutoff value (Table 2).




Figure 4 | Forest plot of the association between systemic immune-inflammation index and recurrence-free survival in patients with bladder cancer.





Correlations Between Systemic Immune-Inflammation Index and Clinicopathological Factors in Bladder Cancer

Six studies reported the relationship between SII and clinicopathological features of BC (9, 10, 16–18, 20), which included age (old vs. young), sex (male vs. female), concomitant carcinoma in situ [(CIS) yes vs. no], lymph node involvement [(LNI) yes vs. no], lymphovascular invasion [(LVI) yes vs. no], tumor size (≥3 cm vs. <3 cm), tumor number (unifocal vs. multifocal), tumor differentiation (poor vs. well), and tumor stage (MIBC: ≥T3 vs. <T3; NMIBC: T1 vs. Tis-Ta). The pooled analysis showed that an increased preoperative SII correlated with poor tumor differentiation (OR = 1.98, 95% CI 1.20–2.29, p = 0.008), advanced tumor stage of MIBC (OR = 1.62, 95% CI 1.44–1.83, p < 0.001), presence of LNI (OR = 1.30, 95% CI 1.13–1.48, p < 0.001), and tumor size ≥3 cm (OR = 1.87, 95% CI 1.07–3.25, p = 0.027). However, no significant association was observed between SII and age (OR = 1.36, 95% CI 1.00–1.85, p = 0.439), sex (OR = 0.97, 95% CI 0.75–1.24, p = 0.780), concomitant CIS (OR = 1.23, 95% CI 0.85–1.79, p = 0.269), LVI (OR = 1.80, 95% CI 0.89–3.68, p  = 0.107), tumor number (OR = 0.77, 95% CI 0.53–1.10, p = 0.146), or tumor stage in NMIBC (OR = 1.48, 95% CI 0.77–2.87, p = 0.243) (Table 3 and Figure 5).


Table 3 | Correlations of SII and clinicopathological characteristics in patients with bladder cancer.






Figure 5 | Forest plots of the association between systemic immune-inflammation index and clinicopathological features in bladder cancer: (A) age (old vs. young); (B) sex (male vs. female); (C) concomitant carcinoma in situ (yes vs. no); (D) lymph node involvement (yes vs. no); (E) lymphovascular invasion (yes vs. no); (F) tumor size (≥3 cm vs. <3 cm); (G) tumor number (unifocal vs. multifocal); (H) tumor differentiation (poor vs. well); (I) tumor stage [muscle-invasive bladder cancer (MIBC): ≥T3 vs. <T3; (J) tumor stage non-muscle-invasive bladder cancer (NMIBC): T1 vs. Tis-Ta].





Sensitivity Analysis

Sensitivity analyses were conducted to evaluate the reliability of pooled HRs for OS, CSS, and RFS (Figure S1). The leave-one-out test showed no significant change in the overall HR estimates for these survival outcomes, suggesting that the results of this meta-analysis were relatively stable and reliable.



Publication Bias

We used Begg’s test to assess the publication bias in included studies. Although the results of this test were not statistically significant (OS: p = 0.764, CSS: p = 0.089, RFS: p = 1.000), visual examination of Begg’s funnel plot showed asymmetry, which increased the possibility of potential publication bias (Figure S2).




Discussion

The high postoperative recurrence rate for patients with BC often affects the patient’s quality of life, which gives researchers the impetus to identify and analyze relevant risk factors affecting tumor recurrence and to develop individualized treatment and follow-up plans for patients with differing recurrence risks. Although histopathological types, histological grades, and pathological stages have been used to predict relapse and progression in patients with BC (3, 21), the heterogeneity of prognosis among patients with similar clinical presentations suggests that more reliable indicators are needed to identify high-risk patients. Recently, an inflammation-related SII obtained from blood samples was shown to be a novel biomarker for predicting the therapeutic efficacy or prognosis among patients with different types of cancers, regardless of the treatment regimen (8, 22). However, the prognostic value of this index in BC is still controversial. Huang et al. (22) performed a systematic review to analyze the prognostic value of SII in urological cancers, and they reported that BC patients with an elevated SII had poorer OS. However, they only analyzed two studies, which greatly reduced the reliability of their conclusions. With the successive publications of relevant studies, a comprehensive investigation of the potential value of SII in terms of clinicopathological features and the prognosis for BC patients is warranted.

To elucidate the role of the SII in the prognosis of BC, data were pooled from 10 studies involving 7,087 patients in the present meta-analysis. The pooled analysis suggested that patients with an increased preoperative SII had inferior OS, CSS, and RFS outcomes. Subgroup analysis also indicated that elevated SII was related to worse OS in MIBC. In addition, high preoperative SII was significantly associated with poor tumor differentiation, high tumor stage of MIBC, presence of LNI, and tumor size ≥3 cm. Taken together, SII could be a potential prognostic biomarker for BC.

Furthermore, host inflammatory responses in cancer have received increasing attention over the past 20 years. Growing evidence suggests that immune cells play an important role in the inflammation process, leading to the production of cytokines and chemokines that accelerate tumor growth, neovascularization, and metastasis (23, 24). A complex balance between inflammatory cells and inflammation-related substances might affect the type of peripheral circulating cells (18). Neutrophils have been linked to tumor progression (25). These cells can infiltrate into the TME and become tumor-related neutrophils, releasing chemical and cytokine factors related to tumor proliferation and metastasis such as vascular endothelial growth factor, elastase, and matrix metalloproteinases (26, 27). Similarly, platelets could release vascular endothelial growth factors, which promote the formation of blood vessels associated with the formation of new tumors and cause adhesion of tumor cells to the vascular wall. This further leads to the proliferation and metastasis of tumor cells (28). However, as the most important immune cells in the body, lymphocytes mainly induce the lysis and apoptosis of target cells and play an antitumor role (29). The lower the level of lymphocytes, the poorer the immune capability of patients; furthermore, the increase of neutrophils could inhibit the activation of T lymphocytes, leading to the decrease of antitumor ability of the body (30). The inflammation, therefore, is closely related to the TME and tumor progression.

In this context, some biomarkers based on peripheral blood cell counts have been proposed to predict tumor prognosis. Nevertheless, when only one or two parameters are involved, these predictors become unstable and are often susceptible to other confounding factors (31). SII is calculated in terms of the neutrophil count × platelet count/lymphocyte count, and it contains three types of inflammatory cells, which objectively reflect the balance between inflammation and the host immune response (20). A higher SII corresponds to higher platelet/neutrophil and/or lower lymphocyte counts. Thus, an elevated SII indirectly symbolizes the deficiency of immune function and the enhancement of tumor aggressiveness in cancer patients (32). As a composite immune index, SII may have better predictive power than parameters such as NLR, PLR, and LMR. Furthermore, the measurement of SII is simple, inexpensive, and reproducible, which makes it a promising biomarker for BC prognosis.

Several previous meta-analyses have investigated the prognostic role of SII in solid tumors. In a pooled analysis of data from 22 studies, Yang et al. (8) found that increased SII may be a reliable prognostic factor for worse OS in various malignancies. Qiu et al. (33) provided evidence that high pretreatment SII was significantly related to worse OS (HR = 1.40, p = 0.010) and several clinical features such as advanced tumor stage, positive node metastasis, and larger tumor size in gastric cancer (GC). They reported that SII can be monitored to guide prognosis and provide useful information about the risk of disease progression in GC. One recent study also indicated that a higher SII was independently related to inferior survival outcomes in renal cell carcinoma patients and that elevated SII suggested more aggressive disease (34). A baseline SII was also found to be useful in clinical practice to stratify patients with metastatic urothelial carcinoma (35). Moreover, Katayama et al. (17) also reported that SII could help improve the decision-making process regarding adjuvant therapy for patients at intermediate risk for NMIBC. The findings of this analysis indicated that SII had prognostic efficiency in terms of OS, CSS, and RFS in patients with BC, which was consistent with findings about other cancer types. We also indicated a significant association between higher SII and invasive pathologic features of BC. Based on these findings and those of other related studies, SII could be considered as an effective prognostic marker for BC that could facilitate risk stratification in patients with BC and help develop appropriate clinical treatment strategies.

Although this analysis provides additional substantial evidence regarding the prognostic value of preoperative SII in BC patients, this study also had several limitations. First, the included studies were retrospectively designed; therefore, inherent structural biases associated with retrospective studies may have contributed to inter-study heterogeneity. Second, although all patients with BC had been treated surgically, postoperative adjuvant therapy strategies and pathological indications are known to vary across institutions, which may have resulted in different survival outcomes. Third, different cutoff values and measurement methods of SII in the included studies may have led to bias in the results. Fourth, due to heterogeneity between the studies, an optimal SII cutoff value to predict postoperative outcomes in patients with BC cannot be determined presently. To address these limitations, further multicenter prospective studies with larger sample sizes are needed.



Conclusions

The present evidence indicates that a higher preoperative SII is associated with worse OS, CSS, and RFS in patients with BC. Furthermore, we demonstrate that elevated SII is independently correlated with adverse pathological features. SII as an effective prognostic indicator may have a crucial role in improving clinical decision-making during BC treatment. However, further study on the role of SII in BC prognosis is required before its widespread use in clinical practice.
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