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Background: The pan-immune-inflammation value (PIV) has been reported as a promising prognostic biomarker in multiple cancers but still remains inconclusive. The objective of this study is to systematically investigate the association of the pretreatment PIV with survival outcomes in cancer patients, based on available literature.

Methods: Online databases including PubMed, Embase and the Web of Science were thoroughly searched for studies evaluating the prognostic role of the pretreatment PIV in cancers from the inception to June 2023. Hazard ratios (HRs) with 95% confidence intervals (CIs) were always assessed using a random-effects model. Statistical analyses were performed using Stata 12.0.

Results: Thirty studies were finally included after comprehensively study searching. In total, 8,799 cancer patients were enrolled in this meta-analysis. The pooled results demonstrated that patients in the high PIV group had a significantly poorer overall survival (HR = 2.07; 95%CI: 1.77–2.41; I2 = 73.0%) and progression-free survival (HR = 1.83; 95%CI: 1.37–2.45; I2 = 98.2%) than patients in the low PIV group. The prognostic significance of the PIV score on overall survival and progression-free survival was observed across various geographical regions, tumor stages and treatment strategies. Sensitivity analyses supported the stability of the above combined results.

Conclusion: This meta-analysis demonstrated that the pretreatment PIV could be a non-invasive and efficacious prognostic biomarker for cancer patients.
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1. Introduction

With the global population and the proportion of elderly people growing, cancer has become one of the leading causes of death worldwide (1). Although the development of surgery and medical treatment has made great progress in cancer patients, the prognosis for these patients remains not yet satisfactory (2). Therefore, based on the estimated survival time of cancer patients, it is essential to develop individualized and effective treatment strategies to improve their chances of survival. Currently, anti-tumor therapy relies primarily on a conventional staging system. Nevertheless, in clinical practice, the staging system alone is not able to support treatment decision-making as well as prognosis assessment well (3, 4). It is therefore urgent to construct novel prognostic markers to guide more precise treatment for cancer patients.

The accumulating evidence suggests that host inflammation and immune status play an important role in the progression, treatment response and survival outcomes of cancer patients (5, 6). Based on this insight, several inflammation/immune-related biomarkers have been developed to predict the clinical outcomes of cancer patients, such as neutrophil to lymphocyte ratio (NLR) (7), platelet to lymphocyte ratio (PLR) (8) and monocyte to lymphocyte ratio (MLR) (9). Recently, a newly developed prognostic biomarker- the pan-immune-inflammation value (PIV), has garnered significant interest of clinicians (10). PIV integrates neutrophils, platelets, monocytes and lymphocyte together, and has been reported to be a better prognostic predictor than these simple biomarkers, including NLR, PLR and MLR (11, 12). To be specific, PIV is calculated using serum neutrophil, platelet, monocyte and lymphocyte (neutrophil x platelet x monocyte/ lymphocyte), which was first introduced by Fuca et al. (13) in 2020 as a prognostic index for metastatic colorectal cancer receiving chemotherapy combined with target therapy. After that, the prognostic role of the PIV has been explored in various cancers (14–16). A recent meta-analysis of 15 studies demonstrated that a high PIV was associated with a poor prognosis in cancer patients (17). Nonetheless, it is important to note that some common tumor types, such as pancreatic cancer and hepatic cancer, were not available in this meta-analysis. Besides, abstract without sufficient data was also included for analysis. These factors undoubtedly have a certain impact on the universality and reliability of the results.

As growing body of additional research has been addressed to further explore the prognostic value of PIV in cancer patients. We therefore performed an updated pooled analysis to systematically explore the relationship between the pretreatment PIV and survival outcomes in cancer patients.



2. Methods


2.1. Search strategy

This meta-analysis was conducted as per the PRISMA guidelines (18) (see PRISMA checklist in the Supplementary Information) to identify literature evaluating the association of pretreatment PIV with survival outcomes in cancer patients. Related studies from the Web of Science, PubMed, and Embase were thoroughly examined from the inception to June 30, 2023. The key word “pan-immune-inflammation value” was applied to search potential studies. During the search process, studies published in any language were included. In addition, references to enrolled studies and related reviews were prudently scanned for additional reporting. The search was performed by two investigators (Y-HJ and RS) independently.



2.2. Study selection

The inclusion criteria were as follows: (1) patients were pathologically diagnosed as cancer; (2) patients were divided into two groups according to the pretreatment PIV cut-off value; (3) studies investigated the relationship between the pretreatment PIV and survival outcomes of cancer patients. The exclusion criteria were: (1) letters, case reports, abstracts or reviews; (2) duplicated studies.



2.3. Data extraction and quality assessment

Data extraction and subsequent cross-checks were performed by two independent reviewers (YH-J and RS). Information extracted from included studies was as follows: first author, year of publication, country, study interval, sample size, cancer type, selection method, cut-off value, period of blood collection, information on exclusion of diseases affecting blood parameters, age, sex, tumor stage, treatment strategy, survival data and follow-up time. The quality assessment of included literature was evaluated via the method by Lin et al. (19). After careful evaluation from 9 domains, a study could get a total score ranging from 0 to 9. Quality assessment was not used as exclusion criterion for included studies.



2.4. Outcome assessment

In this study, the primary endpoint was to explore the relationship between the pretreatment PIV and survival outcomes in cancer patients. Long-term survival outcomes included overall survival (OS), progression-free survival (PFS), disease-free survival (DFS) and recurrence-free survival (RFS). Since DFS, RFS and PFS share the similar endpoints, they were analyzed together as one outcome, PFS, as previously suggested (20, 21).



2.5. Statistical analysis

Stata 12.0 statistical software was used to perform all the statistical analyses. Hazard ratios (HRs) with 95% confidence intervals (CIs) reported from multivariate analyses were preferentially used to incorporate survival outcomes. Otherwise, univariate assessments were the sources of effect sizes. In addition, for studies whose survival data were not directly available, corresponding HRs with 95% CIs were extracted from the survival curves through the methods reported by Tierney et al. (22). In the present study, I2 statistics were utilized to evaluate inter-study heterogeneity, and a random-effects model was always performed, which accounts for variance across included studies (23, 24). Subgroup analyses and meta-regression analyses were applied to explore the sources of heterogeneity. Leave-one-out sensitivity analyses were utilized to assess the reliability of pooled results. Possible publication bias was evaluated using Begg’s test. If there was a significant publication bias, a trim and fill analysis was employed to assess the impact of it on the pooled result. p values <0.05 were considered statistically significant.




3. Results


3.1. Study characteristics

The initial search of online databases yielded a total of 162 records. By removing duplicated studies, and reviewing titles, abstracts and full-text studies, 30 studies (11–16, 25–48) with 32 cohorts were ultimately incorporated in our meta-analysis (Figure 1), The main characteristics of these studies were shown in Tables 1, 2. In total, 8,799 participants from China, Germany, Italy, Japan, Slovenia, Spain and Turkey were enrolled in the present study. These studies were published from 2020 to 2023, with a sample size ranging from 49 to 1,312. The most common cancer type was gastrointestinal cancer, followed by breast cancer and lung cancer. As regards blood parameters, the period of blood collection before treatment ranged from 1 day to 1 month, and most of the included studies did not mention the exclusion of diseases affecting hematological parameters. The cut-off value of PIV ranged from 164.6 to 600.0. In terms of main primary treatments, surgery was performed in 8 cohorts, chemo/radiotherapy was performed in 8 cohorts and immunotherapy contained treatment was performed in 7 cohorts. The median follow-up time ranged from 9.5 to 78.4 months. The literature quality of these studies was good with a median score of 8 (range: 7–9, Supplementary Table S1).
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FIGURE 1
 The PRISMA flowchart of study selection.




TABLE 1 Basic information of included studies.
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TABLE 2 Survival information of included studies.
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3.2. Relationship between the PIV and OS

A total of 8,462 patients from 27 cohorts were included in the pooled analysis of OS. The pooled result revealed that higher PIV predicted poorer OS (HR = 2.07; 95%CI:1.77–2.41; I2 = 73.0%; Figure 2). Furthermore, subgroup analyses based on country, study center, sample size, cancer type, selection method, cut-off value, treatment strategy, tumor stage, analysis method and follow-up time were performed. As shown in Table 3 and Supplementary Figure S1, the pooled outcomes from all subgroup analyses consistently revealed that patients in the high PIV group had a significantly worse OS compared to those in the low PIV group. In addition, a meta-regression analysis based on these variables was performed to investigate the source of heterogeneity. As shown in Supplementary Table S2, none of these covariates had a significant effect on the hazard ratios of OS (all p values>0.05).

[image: Figure 2]

FIGURE 2
 Forest plot assessing the relationship between the PIV and OS.




TABLE 3 Subgroup analyses for OS of PIV-high patients vs. PIV-low patients.
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3.3. Relationship between the PIV and PFS

In total, 25 cohorts involving 5,391 patients reported on PFS. The pooled HR was 1.83 (95%CI: 1.37–2.45; I2 = 98.2%), suggesting that higher PIV was associated with a significantly worse PFS (Figure 3). Similarly, subgroup analyses based on above variables were performed due to the significant heterogeneity existed. We found that in almost all subgroups analyses, patients in the high PIV group has an inferior PFS, except for the pooled results from melanoma (HR = 1.13; 95% CI: 0.86–1.47) and univariate analysis (HR = 1.53; 95% CI: 0.99–2.35) (Table 4 and Supplementary Figure S2). Additionally, meta-regression analysis revealed that none of these factors was the source of heterogeneity (all p values>0.05; Supplementary Table S2).

[image: Figure 3]

FIGURE 3
 Forest plot accessing the relationship between the PIV and PFS.




TABLE 4 Subgroup analyses for PFS of PIV-high patients vs. PIV-low patients.
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3.4. Sensitivity analyses and publication bias

Sensitivity analyses were conducted to assess the robustness of the pooled OS and PFS. After omitting any individual study, pooled HRs with 95% CIs for both OS and DFS were not significantly altered (Supplementary Figure S3).

The Begg’s funnel plots were applied to evaluate the potential publication bias. As shown in Supplementary Figure S4, the funnel plot for PFS was bilaterally symmetric with a Begg’s p value of 0.691, indicating that there was no significant publication bias for PFS. While for OS, the Begg’s funnel plot was asymmetric with the p value <0.0001, which suggested a high risk of publication bias for this outcome. Trim-and-fill analysis was therefore applied, supplementing a total of 8 unpublished cohorts to balance the funnel plot. Finally, PIV was still associated with inferior OS (HR = 1.82; 95%CI: 1.56–2.13), indicating the robustness of the pooled result.




4. Discussion

Cancer-related inflammation is prevalent in patients with malignant diseases, which has been confirmed to promote cancer progression and advancement (6). Traditionally, host inflammation status can be detected through several blood biomarkers, such as neutrophil count, platelet count, and lymphocyte count. Additionally, evidence from numerous studies has demonstrated that their ratios can be applied to predict patient’s short-term and long-term outcomes, especially in cancer patients (7, 8). Importantly, these markers have the natural advantage of being non-invasive, objective, and cost-effective, which provides great potential for their wide clinical applications.

In recent years, a new biomarker, the pan-immune-inflammation value, which consists of serum neutrophil, platelet, monocyte and lymphocyte, has attracted the attention of clinicians due to its promising prognostic significance in several malignancies (12, 30, 39). A recent meta-analysis by Guven et al. (17) has initially demonstrated that high PIV was associated with decreased survival outcomes in cancer patients. Nevertheless, this meta-analysis included only 15 studies (including an abstract) and several common cancer types (such as pancreatic cancer, hepatic cancer and prostate cancer) were not available, which made the prognostic value of PIV in cancer patients still inconclusive. To clarify this issue accurately, an updated meta-analysis including 30 studies with 8,799 cancer patients was performed. Through our quantitatively analyses, we convinced that an elevated PIV markedly predicted poorer OS (HR = 2.07; 95%CI: 1.77–2.41) and PFS (HR = 1.83; 95%CI: 1.37–2.45) in cancer patients. Additionally, benefiting from the inclusion of sufficient studies, we were able to perform detailed subgroup analyses, as well as sensitivity and publication bias analyses It can be seen that the PIV achieved reliable performance in predicting prognosis. Therefore, the PIV may be a valuable and effective inflammatory index to evaluate the oncological outcomes of patients with malignancies.

Dysregulation of inflammatory and immune cells in the tumor microenvironment has been identified as being involved in the tumor progression (49–51). Simultaneously, a higher PIV may result from higher neutrophils, monocytes, and platelets and/or lower lymphocytes. Although the detailed mechanisms of the PIV’s prognostic value in malignancies are unclear, they can be explained as follows: First, neutrophils, as the most common innate immune cells, have been reported to promote tumor invasion and metastasis by secreting VEGFA, MMPs, and other chemokines such as IL-6 and TGF-β (52, 53). At the same time, elevated neutrophils can also cause T cell activation disorders by largely releasing nitric oxide, arginase, and reactive oxygen species, ultimately inhibiting the body’s killing effect on cancer cells (54). Second, monocytes, especially those differentiated into tumor-associated macrophages (TAMs), can induce apoptosis of T cells with antitumor functions (55). In addition, TAM density has been shown to affect tumor tissue angiogenesis by stimulating the production and secretion of pro-angiogenic factors (56, 57). Third, platelets, are reported to induce epithelial–mesenchymal transition and angiogenesis by secreting TGF-β, VEGF and FGF. Moreover, platelets are also able to recruit neutrophils and monocytes, thereby promoting the distant metastasis of tumor cells. Finally, lymphocytes, especially cytotoxic T lymphocytes, play an essential role in cancer immune surveillance and defense (58). It has been reported that high lymphocyte levels in the tumor microenvironment are beneficial for inducing lysis and apoptosis of cancer cells, thereby inhibiting cancer cell proliferation and metastasis (59). On the contrary, lymphopenia has been shown to be associated with a poor prognosis in cancer patients (60).

Notably, the pooled outcomes from subgroup analyses demonstrated that the prognostic value of the PIV for both OS and PFS was consistent in treatment strategies, such as surgery (HR = 1.66 and 1.80), chemo/radiotherapy (HR = 2.37 and 2.06), immunotherapy (HR = 1.95 and 1.40). Given that patients with malignancies would receive one or more anti-tumor treatment strategies, these results showed that PIV could provide prognosis prediction for malignant patients receiving different treatments, especially for those receiving chemo/radiotherapy. In addition, PIV has been shown to have considerable prognostic value across different tumor species, particularly in lung cancer (HR = 3.09 and 2.43). Moreover, the prognostic value of PIV was not affected by the country of publication, cut-off value, and tumor stage, further confirming the clinical universality and efficacy of PIV in cancer patients.

This meta-analysis had several limitations must be acknowledged. First, all of the included studies except one by Qi et al. (37) were designed to be retrospective, which may increase the risk of selection bias. Second, the heterogeneities of pooled outcomes for both OS and PFS were remarkable, even though the subgroup analyses and sensitivity analyses showed consistent results, we failed to find the sources of heterogeneity. Third, significant inconsistencies in the measurement of blood parameters in the included studies, including but not limited to factors such as measurement time, may have contributed to the large variability in the cut-off values of PIV, and may also have had some impact on the confidence of our pooled results. Finally, the cut-off values of PIV varied widely due to various factors such as disease type, population differences, sample size, and detection method, which somewhat limits the clinical use of PIV.



5. Conclusion

In conclusion, the present meta-analysis demonstrates an association between elevated pre-treatment PIV and poor survival outcomes in cancer patients. PIV has the potential to be a noninvasive and effective prognostic biomarker for cancer patients.
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