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Background

Immune checkpoint inhibitors (ICIs) have been proven to be an effective treatment strategy for a variety of malignant tumors. However, only a subset of patients can benefit from ICIs due to factors such as drug resistance. Therefore, it is crucial to identify biomarkers that can accurately predict the efficacy of ICIs and provide a basis for individualized immunotherapy. In this study, we conducted a systematic review and meta-analysis to explore whether the chemokine interleukin 8 (IL-8) can be used as a biomarker to evaluate the efficacy of ICIs treatment.





Methods

We conducted a comprehensive search of several databases, including PubMed, Embase, Web of Science, and Cochrane, to identify relevant articles published up to June 08, 2023. Our inclusion criteria were limited to cohort studies and clinical trials that reported hazard ratios (HR) and 95% confidence intervals (CI) for overall survival (OS) and/or progression-free survival (PFS), as well as the objective response rate (ORR), in cancer patients with high and low IL-8 expression. For data analysis, we used Revman to generate forest plots, subgroup analysis, and assess publication bias. Additionally, Stata was utilized for sensitivity analysis and further examination of publication bias.





Results

A total of 24 datasets, involving 3190 participants, were selected from 14 studies. The meta-analysis revealed a reduction in ORR, OS, and/or PFS in the high IL-8 group after treatment with ICIs compared to the low IL-8 group.





Conclusion

IL-8 can serve as a biomarker for predicting the efficacy of ICIs. Patients with lower expression of IL-8 may benefit from ICIs treatment.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=383188, identifier CRD42022383188.
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1 Introduction

In recent years, immunotherapy has emerged as a viable treatment option for various cancers, particularly through the utilization of monoclonal antibody-based immune checkpoint blockade (ICB). To date, all approved immune checkpoint inhibitors (ICIs) are monoclonal antibodies that block cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), programmed cell death protein 1 (PD-1), or programmed death ligand 1 (PD-L1). These molecules serve as key inhibitors of T-cell activation and function (1, 2). Since ipilimumab was approved by the FDA for metastatic melanoma in 2011, various ICIs have been introduced, Numerous studies have demonstrated the benefits of ICIs in non-small cell lung cancer (3, 4), liver cancer (5), triple-negative breast cancer (6), gastroesophageal cancer (7), ovarian cancer (8) and other malignant tumors. Therefore, ICIs such as nivolumab, ipilimumab, pembrolizumab and atezolizumab have been approved for the treatment of a variety of malignant tumors. Nevertheless, a subset of patients does not have a response to treatment with ICIs or many patients who initially respond eventually experience relapse due to acquired resistance (9). Early identification of patients who are not responsive to ICIs treatment can help avoid ineffective treatment and mitigate potential serious adverse effects. Biomarkers used for predicting response to ICIs treatment encompass PD-L1 expression, mismatch repair deficiency (dMMR), microsatellite instability (MSI), somatic DNA mutation count and/or tumor mutation burden (TMB), indicators of T-cell infiltration, gut microbiota composition, and deleterious somatic variants (10, 11). However, the clinical implementation of these markers poses challenges, and there is a need for improved clinical biomarkers to facilitate the rational selection of appropriate immunotherapy.

Interleukin-8 (IL-8), commonly referred to as the neutrophil chemokine, is secreted by various cell types, such as monocytes, neutrophils, epithelial cells, fibroblasts, endothelial cells, mesothelial cells, and tumor cells (12). IL-8 plays a significant role in various biological processes. It contributes to inflammation and wound healing in non-pathogenic environments and possesses the ability to recruit T cells and non-specific inflammatory cells to the site of inflammation by activating neutrophils (13). Secondly, tumor-derived IL-8 promotes epithelial-mesenchymal transition (EMT) by influencing the tumor microenvironment, thereby facilitating tumor cell migration and invasion. Furthermore, IL-8 stimulates tumor angiogenesis, thereby contributing to tumor progression (13). A number of studies have confirmed that the level of IL-8 in tumor tissues or blood of patients with different cancers is higher compared to those in paracancerous tissues or control groups. Additionally, patients with high expression of IL-8 in tumor tissues or blood tend to have a poor prognosis (14–16). IL-8 is expected to be a biomarker for predicting the prognosis of patients with various cancers.

In recent years, with the approval of ICIs for a variety of malignant tumors, the search for biomarkers to predict the efficacy of ICIs has gained significant attention. Multiple studies have found that higher expression of IL-8 in the blood of patients with non-small cell lung cancer, melanoma, triple-negative breast cancer, head and neck squamous cell carcinoma, and urothelial carcinoma is associated with a poorer benefit in terms of OS and/or PFS following anti-PD-1, anti-PD-L1, or anti-CTLA-4 treatment (17–26). In this study, we conducted a systematic review and meta-analysis of existing clinical studies to evaluate whether IL-8 can be used as a potential biomarker to predict the survival of patients treated with ICIs, explore the predictive efficacy of IL-8 in a variety of tumor types, and provide a foundation for the individualized application of ICIs.




2 Methods

The protocol was registered on the International Prospective Register of Systematic Reviews (registration number: CRD42022383188).



2.1 Literature research

Pubmed, Embase, Web of science, and Cochrane database were searched for articles published up to June 08, 2023. The keyword was set to “immune checkpoint inhibitors [MeSH]” OR “immune checkpoint block” OR “ICI” OR “PD-1” OR “PD-L1” OR “PD-1/PD-L1” OR “anti-PD-1/anti-PD-L1” OR “CTLA-4”, “pembrolizumab” OR “avelumab” OR “nivolumab” OR “durvalumab” OR “tremelimumab” OR “atezolizumab” OR “immunotherap*” AND “Interleukin-8[MeSH]” OR “CXCL8” OR “Interleukin 8” OR “IL-8” OR “C-X-C Motif Chemokine 8” OR “C-X-C Motif Chemokine Ligand 8” OR “IL8”.




2.2 Selection criteria

Inclusion criteria: Patients in the study had a pathologically confirmed solid tumor. Patients had received treatment with at least one immune checkpoint inhibitor during the study. The purpose of this study is to explore the prognostic value and efficacy of IL-8 in solid tumors, and the study should include the HR and 95%CI of OS and/or PFS related to IL-8 level.

Exclusion criteria: basic research or animal experiments related to IL-8, or detection of IL-8 in tissues. Studies with incomplete data or lack of full text. Conference abstracts, reviews, meta-analyses, comments or letters, case reports.




2.3 Data extraction and quality assessment

All the literatures retrieved in the four databases with the above search terms were imported into EndNote X9 literature manager to remove duplicate literatures. Two researchers screened the literature according to the inclusion and exclusion criteria. The following information was extracted: first author, publication year, country, study type, tumor type, immunotherapy drug name, IL-8 assay method, sample source, sample size, and corresponding HR and 95% CI of OS and PFS.

The meta-analysis was performed in accordance with the Preferred Reporting Items guidelines of the Systematic Review and Meta-analysis Protocol (PRISMA-P) 2015 statement (27, 28). The Newcastle-Ottawa Quality Assessment Scale (NOS) checklist was utilized by our team of authors to evaluate the quality of the studies included in the analysis. The assessment tool, which focuses on eight items grouped into three categories (selection, comparability, and outcome), assigns a maximum of 9 stars. Articles that scored six or more stars were deemed high quality. Our team conducted the quality assessment independently (29).




2.4 Statistical analysis

Hazard ratios (HR) including 95% confidence intervals (CI) were used to assess the association between IL-8 expression levels and OS and PFS in patients with solid tumors treated with ICIs. The observed HR > 1 implies worse prognostic significance in the group with high IL-8 expression. In contrast, HR < 1 implies better prognostic significance in the group with high IL-8 expression. For ORR, OR > 1 showed that the low IL-8 group had better therapeutic effects than the high IL-8 group. Revman 5.3 software (RevMan, The Cochrane Collaboration) was used to assess heterogeneity between studies with the Cochrane Q test and P values. Estimates of HR were weighted and pooled using a Mantel-Haenszel fixed-effects model. Stata 12.0 software (Stata, College Station) was used to assess study sensitivity and publication bias. Publication bias was assessed by Egger’s test, and P < 0.05 was considered statistically significant.





3 Results



3.1 Characteristics of the included studies and data quality

According to the above search criteria, 6942 potential studies were preliminarily retrieved in 4 databases, and 6537 were left after removing duplicates. After reviewing the titles and abstracts, based on the inclusion and exclusion criteria, 6385 papers were excluded, leaving 152 papers for further evaluation. Among them, 138 articles were excluded for the following reasons: 16 were reviews and comment cases, 8 were letters and conference abstracts, 27 did not report PFS and OS outcomes, and 10 lacked HR and 95% confidence interval. Additionally, 77 articles were deemed irrelevant to our study. Finally, a total of 14 articles were included for systematic review and meta-analysis. A flowchart of the study selection process is shown in Figure 1. In total, 24 datasets were included, with one study using two datasets, one study using five datasets, and one study using six datasets.




Figure 1 | Flowchart of study selection.



A total of 14 studies involving 3272 participants were published between 2017 and 2023, with patient numbers ranging from 16 to 443 in each study. These studies were conducted in eight different countries across North America, Asia, and Europe. The country with the largest number of publications and sample size was the United States. The included studies comprised five clinical trials and nine cohort studies, encompassing various tumor types such as lung cancer, breast cancer, melanoma, urologic tumors, prostate cancer, and head and neck squamous cell carcinoma. Immunotherapy involved the utilization of various immune checkpoint inhibitors (ICIs), including anti-PD-1, anti-PD-L1, anti-CTLA-4, among others.

Among the 14 studies, 8 criteria from the NOS quality assessment tool were used to evaluate the quality of the literature. The average quality score of the literature was >6, indicating that the quality of the literature was good. Regarding adaptability, the risk level of all the literature sources was low, and the included sources were deemed to have good adaptability. Table 1 presents the basic characteristics, details, and NOS scores of the 14 sources included in the study, while Figure 2 illustrates the scores of each dimension.


Table 1 | Characteristics of the included studies.






Figure 2 | Risk of bias. (A) Risk of bias graph. (B) Risk of bias summary.






3.2 Comparison of ORR, OS and PFS between high and low IL-8

We conducted a meta-analysis of studies investigating on the relationship between IL-8 levels and the ORR, OS and PFS in patients with solid tumors treated with ICIs. The meta-analysis indicated that low IL-8 levels were associated with a better ORR (OR = 2.21, 95% CI: 1.69-2.87, P<0.01). Considering that there was no significant heterogeneity among the studies with OS (I2 = 27%, P=0.12), a fixed effect model was used for meta-analysis. The pooled effect HR for OS was 2.23 (95%CI: 2.03-2.45, P<0.01). Similarly, as there was no significant heterogeneity among the studies for PFS (I2 = 27%, P=0.17), the fixed effect model was applied, and the pooled effect HR for PFS was 1.55 (95%CI: 1.38-1.75, P<0.01). The results demonstrated that the low-IL-8 group receiving ICIs exhibited significantly greater treatment benefit compared to the high-IL-8 group (Figures 3A–C).




Figure 3 | The forest plot of ORR, OS and PFS. (A) The forest plot of ORR in patients with low IL-8 vs. high IL-8. (B, C) The forest plot of OS and PFS in patients with high IL-8 vs. low IL-8. ORR, objective response rate; OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval. The hazard ratios value with 95% confidence intervals generated by Cox proportional hazards model were pooled using the generic inverse variance method for between-groups analysis of OS and PFS. The observed HR > 1 implies worse prognostic significance in the group with high IL-8 expression. In contrast, HR < 1 implies better prognostic significance in the group with high IL-8 expression.






3.3 Subgroup analyses

To investigate the impact of various factors, including tumor types, race, study types, drug types, and sample size, on the association between IL-8 and prognosis, and to assess whether heterogeneity was influenced by these factors, we conducted subgroup analysis (Figure 4; Tables 2, 3). The results indicate that the predictive ability of IL-8 levels for OS and PFS remained consistent across various tumor types. Patients with solid tumors and high IL-8 levels who received ICIs exhibited poorer OS and PFS (Figures 4A, B). Regarding the study types, there was no significant difference in heterogeneity between clinical trials and cohort studies. In the subgroup analysis based on race, we observed that Western individuals with high IL-8 levels had worse OS compared to Eastern individuals. However, the predictive value of IL-8 levels for PFS remained consistent across different races. There are multiple types of ICIs approved by the FDA, and the results consistently demonstrate that IL-8 levels predict OS in patients receiving different ICIs. Heterogeneity analysis showed significant differences between anti-PD-L1 groups. In addition, we divided the sample size into > 30 large sample group and ≤30 small sample group according to the size of the sample, and the sample size had no significant effect on the source of study heterogeneity.




Figure 4 | Subgroup analysis in OS and PFS of patients with high vs. low IL-8. (A) Subgroup analysis in OS of patients with high/low IL-8 based on different cancer types. (B) Subgroup analysis in PFS of patients with high/low IL-8 based on different cancer types. OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval.




Table 2 | Subgroup of OS.




Table 3 | Subgroup of PFS.






3.4 Sensitivity analysis and publication bias

The funnel plot showed symmetry (Figures 5A–C), and the Egger test revealed p values of 0.255 for ORR, 0.316 for OS and 0.963 for PFS (Figures 5D–F), indicating no significant publication bias. Furthermore, sensitivity analyses demonstrated minimal variation in the combined effect estimate, regardless of the excluded study (Figures 5G–I).




Figure 5 | Sensitivity analysis and publication bias. (A–C) The funnel plot of studies investigating levels of IL-8 in ORR, OS and PFS. (D–F) Egger’s publication bias plots of IL-8 in ORR, OS and PFS. (G–I). Sensitivity analyses of IL-8 in OS and PFS. ORR, objective response rate; OS, overall survival; PFS,s progression-free survival.







4 Discussion

The application of ICIs for treating solid tumors has demonstrated promising results. However, there are clinical challenges in identifying patients who will benefit from ICIs treatment. Not all patients with solid tumors respond favorably to ICIs, making the prediction of treatment efficacy a significant challenge. Although biomarkers like PD-L1 expression and TMB are commonly used for response prediction, their utility is limited, necessitating the exploration of additional biomarkers (10). The detection methods for different biomarkers vary considerably. For instance, PD-L1 detection involves immunohistochemical staining, and the sensitivity and specificity of this method can significantly impact the accuracy of the results (30). TMB testing is not widely accessible or covered by insurance, potentially limiting patients’ access to these diagnostic tests (31). Furthermore, solid tumors encompass a diverse group of diseases, and the response to ICIs treatment may vary among patients with different tumor types. The heterogeneity of the patient population poses challenges in identifying biomarkers that universally predict treatment response (31). There is currently no standardized protocol for screening patients undergoing treatment with ICIs, leading to variability in patient selection and treatment approaches. Therefore, it is imperative to explore more effective biomarkers to predict the response to immunotherapy in solid tumors and establish an accurate prediction system. This will facilitate the identification of the optimal patient population for ICIs treatment among solid tumor patients.

The progression of cancer is governed not only by the equilibrium between oncogenes and tumor suppressor genes within cancer cells but also by alterations in the tumor microenvironment. The tumor inflammatory microenvironment has garnered significant attention as a crucial factor influencing both the sensitivity of tumor cells to immunotherapy and the prognosis of patients. IL-8, the first chemokine to be identified, is an angiogenic polypeptide expressed in various types of cancer (32). IL-8 effectively regulates the chemotaxis of human neutrophils and exerts direct oncogenic effects, such as promoting angiogenesis, tumor cell dedifferentiation, and facilitating invasion and/or metastasis (33, 34). In recent years, it has been discovered that IL-8 exhibits a dual immune resistance phenomenon. Apart from its direct impact on tumor cells, tumor-derived IL-8 also promotes the recruitment of neutrophils and myeloid-derived suppressor cells (MDSCs) into the tumor microenvironment. These cells have the ability to locally inhibit anti-tumor immune response (35, 36). Schalper et al. found in lung cancer, melanoma, and renal cell carcinoma that circulating IL-8 was positively correlated with CXCL8 gene expression and neutrophil and mononuclear cell counts in tumors. IL-8 levels in tumor tissues were negatively correlated with IFNγ and transcriptional signatures associated with T-cell infiltration, while positively correlated with increased infiltration of myeloperoxidase (MPO)+ and/or CD15+ monocytes and neutrophils. These data support the adaptive immunosuppressive effect of IL-8 produced by tumor cells (22). Several studies have found that the higher the expression of IL-8 in the blood of patients with a variety of solid tumors, the lower the OS and/or PFS benefit of immunotherapy (21, 22).

To investigate the relationship between IL-8 and solid tumor immunotherapy, we conducted a meta-analysis of 14 studies, evaluating the association between peripheral blood IL-8 levels and the prognosis of patients undergoing solid tumor immunotherapy. Our findings demonstrated that patients with low IL-8 levels after immunotherapy exhibited improved OS, PFS, and ORR compared to those with high IL-8 levels, which aligns with previous studies (37). These results indicate that IL-8 holds promise as a biomarker for immune response, and patients with lower IL-8 levels in tumors may benefit from ICIs treatment.

To investigate the influence of different factors, including tumor types, race, study type, sample size, and drug type, on the relationship between IL-8 and prognosis and to identify the source of heterogeneity, we conducted subgroup analysis. Our findings revealed that patients with high IL-8 levels in solid tumors who received ICIs treatment had a poorer prognosis compared to those with low IL-8 levels. Heterogeneity analysis showed no significant difference between the groups of different tumor types, suggesting that IL-8’s predictive ability as a potential biomarker for immunotherapy efficacy was consistent across various solid tumors. Furthermore, the predictive value of IL-8 for OS varied among different races, with individuals from Western countries exhibiting worse OS when having high IL-8 levels compared to individuals from Eastern countries. However, the relationship between IL-8 and ICIs has only been reported in two studies from China, and the small sample size of these studies may impact the reliability of the results. Despite the diversity of ICIs and their distinct targets, the predictive value of IL-8 for various ICIs in solid tumors remains generally consistent. Apart from race and drug class, study type and sample size did not significantly contribute to the observed heterogeneity

This study is the first to investigate the effect of IL-8 level on the prognosis of patients with solid tumors receiving immunotherapy, and the results of our meta-analysis suggest that IL-8 level may be a potential immunotherapy predictive biomarker in solid tumors. Compared with the existing biomarkers for immunotherapy prediction, serum IL-8 level is a simple quantitative parameter, which can be easily measured in routine blood samples in clinical practice, and can be better applied in clinical practice. However, this study has certain limitations. Firstly, there are insufficient studies on the relationship between ICIs treatment and IL-8 levels in solid tumors; only 14 relevant studies were included in our study, so it is not possible to obtain complete and credible meta-analysis results for all tumor types. Second, not all studies reported all subgroup factors, so in subgroup analyses, effects were pooled only for studies that reported a certain number of subgroup factors, which may lead to inaccurate identification of factors contributing to heterogeneity. Third, some studies have simultaneously used targeted therapy and ICIs, and multiple studies have indicated that IL-8 directly contributes to the resistance of renal cell carcinoma to chemotherapy and molecular targeted drugs (such as VEGF-TKIs) (38). Therefore, the specific predictive ability of IL-8 levels for OS may be influenced by factors such as targeted therapy. Although we analyzed the correlation between IL-8 levels and PFS and ORR, some studies did not provide the original data, which hindered the evaluation of disease control rate (DCR) and duration of response (DOR), thus reducing the reliability of the results. With the rapid development of immunotherapy in the field of tumor treatment, more studies with large samples of IL-8 will be included in the comprehensive analysis in the future, so as to obtain accurate conclusions about the relationship between ICIs and IL-8.




5 Conclusion

This systematic review and meta-analysis revealed that patients with high IL-8 levels treated with ICIs had significantly lower ORR, OS, and PFS compared to those with low IL-8 levels. IL-8 levels can serve as a potential prognostic biomarker for cancer patients undergoing ICIs treatment, enabling accurate identification of individuals who would benefit from ICIs. Moreover, it offers new potential treatment strategies for patients with low IL-8 levels who have experienced chemotherapy and targeted therapy failures.
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