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Background

The advanced lung cancer inflammation index (ALI) has been identified as a scientific and clinical priority in multiple malignancies. The aim of this study is to investigate the value of the ALI before treatment in evaluating postoperative complications (POCs) and survival outcomes in patients with gastrointestinal (GI) cancer.





Methods

Electronic databases including PubMed, Embase and Web of Science were comprehensively reviewed up to June 2022. The endpoints were POCs and survival outcomes. Subgroup analyses and sensitivity analyses were also performed.





Results

Eleven studies including 4417 participants were included. A significant heterogeneity in the ALI cut-off value among studies was observed. Patients in the low ALI group showed increased incidence of POCs (OR=2.02; 95%CI:1.60-2.57; P<0.001; I2 = 0%). In addition, a low ALI was also significantly associated with worse overall survival (HR=1.96; 95%CI: 1.58-2.43; P<0.001; I2 = 64%), which remained consistent in all subgroups based on country, sample size, tumor site, tumor stage, selection method and Newcastle Ottawa Scale score. Moreover, patients in the low ALI group had an obviously decreased disease-free survival compared to these in the high ALI group (HR=1.47; 95%CI: 1.28-1.68; P<0.001; I2 = 0%).





Conclusion

Based on existing evidence, the ALI could act as a valuable predictor of POCs and long-term outcomes in patients with GI cancer. However, the heterogeneity in the ALI cut-off value among studies should be considered when interpreting these findings.
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1 Introduction

Gastrointestinal (GI) cancers are one of the most common malignancies worldwide, accounting for about 25% of newly diagnosed cancer cases and more than 35% of cancer-related deaths (1). Although significant advances in surgery-based multimodal therapy for gastrointestinal cancers, the clinical efficacy of most of these patients is still poor (2, 3). Consequently, it is essential to develop a useful index to predict the short-term and long-term therapeutic outcomes in GI cancers.

Increasing evidence indicates that cancer-related inflammation and malnutrition status are prevalent in most patients with malignancy, which play an important role in postoperative recovery and prognosis (4, 5). Therefore, inflammation/nutrition-based biomarkers are expected to be valuable predictors of surgical and long-term outcomes. For example, preoperative neutrophil-to-lymphocyte ratio (NLR), based on two blood inflammatory factors, has been reported as a strong indicator for increased postoperative complications (POCs), prolongation of hospital stays and poor survival outcomes in breast cancer (6), lung cancer (7) and GI malignancies (8, 9). Meanwhile, reduced body mass index (BMI) and serum albumin (ALB), which reflect the nutritional status, have also been proven to be associated with adverse therapeutic outcomes in multiple cancers (10–12).

In recent years, a novel biomarker, the advanced lung cancer inflammation index (ALI), which integrates BMI, ALB and NLR (BMI *ALB/NLR), has been reported as a more promising predictor of surgical and long-term outcomes in cancers, because it incorporates multiple nutritional and inflammatory indicators (13, 14). A previous meta-analysis reported that low ALI before surgery indicates poor prognosis in Lung cancer patients (15). Another meta-analysis focusing on the relationship between the ALI and survival outcomes also found a similar conclusion in cancer patients (16). Nevertheless, the role of the ALI in POCs and survival outcomes of GI cancers remains inconclusive and no meta-analysis is available so far. In addition, a number of other studies on the ALI and therapeutic outcomes in GI cancers have been addressed in recent years.

Herein, we performed a systematic review and meta-analysis based on existing evidence to investigate the value of the ALI in POCs and long-term results in GI cancers.




2 Methods

The present study was conducted according to the requirements from Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to identify studies that assess the association of pretreatment ALI with POCs and survival outcomes in GI cancer patients.



2.1 Search strategy

Relevant studies from PubMed, Embase and Web of Science were comprehensively examined up to June 30, 2022. Published language was not restricted during the search process. The following combination of key words in title/abstract were used to identify potential studies: [“advanced lung cancer inflammation index” OR “ALI”] AND [“cancer” OR “carcinoma” OR “neoplasm” OR “tumor”] AND [“survival” OR “prognostic” OR “prognosis” OR “mortality” OR “postoperative complications” OR “morbidity”]. In addition, the references of the included studies were scanned for potentially related reports. The search was independently performed by two investigators (HY-P and XF-C).




2.2 Inclusion and exclusion criteria

Studies that met the following criteria were included: (1) studies examined the relationship between the pretreatment ALI and POCs or long-term survival of patients with GI cancer; (2) Hazard ratio (HR) with 95% confidence interval (CI) was available or could be calculated based on survival curve; (3) The cutoff value of the ALI was clearly reported.

The exclusion criteria were studies (1) reported as case reports, reviews, letters and conferences; (2) with overlapping data.




2.3 Data extraction and quality assessment

Two reviewers (HY-P and XF-C) conducted the data extraction independently and cross-checked all the results. The extracted data included first author, publication year, study interval, country, study design and sample size, selection method, cut-off value, clinicopathological features like age, sex, tumor site and tumor stage, POCs and survival data.

The Newcastle Ottawa Scale (NOS) (17) was used to assess the quality of included studies and a study with NOS score >6 is regarded as of high quality.




2.4 Outcomes

In the present study, the primary outcomes were to investigate the relationship between the ALI and POCs or long-term results in patients with GI malignancy. POCs were defined as any morbidity classified as Clavien–Dindo (18) grade I or higher. Long-term outcomes included OS (from the date of surgery to the date of any cause of death) and DFS (from the date of surgery to the date of recurrence or the date of death from any cause).

Of note, since progression-free survival (PFS: from the date of surgery to the date of recurrence or any cause of death), recurrence-free survival (RFS: from the date of surgery to the date of recurrence), cancer-specific survival (CSS: from the date of surgery to the date of cancer-related death) and DFS share the similar endpoints, they were analyzed together as one outcome, DFS (19, 20).




2.5 Statistical analysis

The hazard ratios (HRs) and odds ratios (ORs) with their 95% confidence intervals (CIs) were used as the effect size for time-dependent outcomes and dichotomous variables, respectively. For studies that HR with 95%CI was not reported, the indirect data were calculated following the methods reported by Tierney et al. (21) Statistical heterogeneity among studies was assessed using I2 statistic. All pooled analyses were performed assuming the random-effects model, which accounts for variance across included studies. Subgroup analysis was used to explore the source of heterogeneity. Sensitivity analysis was conducted to evaluate the credibility of results. Publication bias was evaluated using Begg’s funnel plot. A two-tailed P value <0.05 was considered statistically significant. All of these statistical analyses were performed by Review Manager Software, version 5.3 (Cochrane, London, UK) and Stata, version 12.0 (Statacorp, College Station, TX).





3 Results



3.1 Study characteristics

A flow chart of the selection process was shown in Figure 1. The search strategy yielded 1407 potential studies. After title, abstract assessment and full text assessment, 11 retrospective cohort studies (22–32) were finally included in the present study.




Figure 1 | The PRISMA flowchart of study selection.



The baseline information of the included studies was shown in Tables 1, 2. A total of 4417 patients from China, Korea and Japan were included in this study. These studies were published from 2014 to 2022 with a sample size ranging from 132 to 813. Among these studies, two studies reported esophageal cancer, three studies reported gastric cancer, and six studies reported colorectal cancer. In addition, three studies reported overall POCs, ten studies reported OS, and seven studies reported DFS. Moreover, the cut-off value of the ALI varies a lot among these studies. The details of quality assessment of the included studies were shown in the supplementary file (Table S1), and the scores of these studies ranged from 6 to 7 after careful assessment with NOS.


Table 1 | Basic information of included studies.




Table 2 | Survival information of included studies.






3.2 Overall survival

Ten studies involving 4124 patients (2543 in the high ALI group and 1581 in the low ALI group) reported the OS outcome. The pooled HR was 1.96 (95%CI: 1.58-2.43; P<0.001), which indicated that a low ALI was associated with decreased OS in patients with GI cancer (Figure 2A, Table 3). Given the presence of moderate heterogeneity (I2 = 64%; P=0.003), subgroup analyses based on country, sample size, tumor site, tumor stage, selection method and NOS score were performed. As shown in Table 3 and Figure S1, the pooled results of all subgroup analyses revealed that patients in the high ALI group had a significantly better OS when compared with these in the low ALI group. Additionally, sensitivity analysis by deleting one study at a time showed that the pooled outcome did not substantially change (Figure 2B).




Figure 2 | Forest plot (A) and sensitivity analysis (B) assessing the relationship between ALI and OS.




Table 3 | Subgroup analysis for OS of ALI-high patients vs. ALI-low patients.






3.3 Disease-free survival

A total of seven studies involving 3433 patients (2195 in the high ALI group and 1238 in the low ALI group) reported on DFS. The pooled HR was 1.47 (95%CI: 1.28-1.68; P<0.001; I2 = 0%), which suggested that patients in the low ALI group had a worse DFS compared with patients in the high ALI group (Figure 3A). Sensitivity analysis showed that the combined effect was not significantly changed (Figure 3B).




Figure 3 | Forest plot (A) and sensitivity analysis (B) assessing the relationship between ALI and DFS.






3.4 Postoperative complications

Three studies involving 1607 patients (987 in the high ALI group and 620 in the low ALI group) reported this outcome. The pooled OR was 2.02 (95%CI: 1.60-2.57; P<0.001; I2 = 0%), which suggested that patients with a low ALI had a higher risk of POCs than those with a high ALI (Figure 4A). Similarly, sensitivity analysis did not show significant change for the pooled outcome (Figure 4B).




Figure 4 | Forest plot (A) and sensitivity analysis (B) assessing the relationship between ALI and POCs.






3.5 Publication bias

The Begg’s funnel plot was performed to assess the potential publication bias. As shown in Figure 5, the funnel plots of OS, DFS and POCs were virtually symmetric, and the P values of Begg’s test were 0.239, 0.230, and 1.000, respectively, indicating that these pooled outcomes had a low risk of publication bias.




Figure 5 | Begg’s funnel plot assessing publication bias between ALI and therapeutic outcomes, including (A) OS, (B) DFS, (C) POCs. The Begg’s P values were 0.239, 0.230, and 1.000, respectively.







4 Discussion

In 2013, Jafri et al. (13) first established the ALI based on commonly used clinical parameters as a systemic inflammation-related prognostic score tool for metastatic non-small cell lung cancer. Since then, the ALI has been widely used as a readily available and reliable biomarker to evaluate the prognosis of coronary artery disease (33), lung cancer (34) and pancreatic cancer (35). As shown in Table 1, most of included studies were published after 2019, indicating that the ALI is still a very new index in the field of GI cancer.

In this study, we included eleven studies with 4417 patients with GI cancer and found that a low ALI was significantly associated with decreased OS (HR=1.96; 95%CI: 1.58-2.43; P<0.001) and DFS (HR=1.47; 95%CI: 1.28-1.68; P<0.001). Meanwhile, we have further identified that the ALI could also act as a predictor for POCs (OR=2.02; 95%CI:1.60-2.57; P<0.001) in patients with GI cancer. Therefore, the ALI may have a good discriminatory value and remains an effective inflammatory/nutrition factor for predicting therapeutic outcomes in GI cancer.

Systemic inflammatory reflection (SIR) is recognized as the 7th hallmark of cancer which is closely associated with the occurrence and progression of malignancies (36). Consistent with this evidence, the SIR as a potential prognostic marker is also demonstrated for various malignancies, and the NLR is one of the well-established SIR markers (37, 38). Increased neutrophils in the tumor microenvironment have been reported to prompt the tumor growth and metastasis by releasing chemokines and cytokines (39). Besides, neutrophils can also inhibit the activation of T lymphocytes, thereby inhibiting the anti-tumor immunity of the host (39, 40). While lymphocytes, especially CD4+ T lymphocytes and CD8+ T lymphocytes, as the most important immune cells, play an anti-tumor role by inducing the lysis and apoptosis of tumor cells (41). Lymphopenia has been demonstrated to be associated with poor prognosis in cancer patients (42, 43). On the other hand, nutritional status is also reported as an important predictive factor of therapeutic outcomes in several types of malignancies (44, 45). Studies have proven that malnutrition leads to an inadequate anti-tumor immune response and reduces wound healing ability, thereby reducing treatment efficacy and leading to severe POCs (46, 47). As an objective and common measurement reflecting patients’ nutritional status, baseline BMI and ALB have been indicated to be positively associated with the short-term and long-term outcomes of cancer patients and have been used to triage patients in clinic care (48). Reasonably, the ALI, combined with these factors, is a useful comprehensive indicator of nutritional and inflammatory status, may enable better understanding of the functional state of patients and predict the therapeutic results of patients with GI cancer.

In our pooled analysis involving 4124 participants, we found that the ALI is an independent factor influencing the OS of patients with GI cancer. Even though significant heterogeneity existed, our subgroup analyses based on country, sample size, tumor site, selection method, tumor stage and NOS score showed our results were reliable and robust. Meanwhile, the sensitivity analysis showed that there was no change of the evident correlation between low ALI and poor OS. In addition, we have further investigated the relationship between the ALI and DFS. The combined result including 3433 patients showed that a low ALI was significantly associated with decreased DFS in GI cancer patients without obvious heterogeneity. Likewise, the sensitivity analysis supported the consistence and reliability of the result. We have also explored the correlation between ALI and POCs. The integrated result demonstrated that low ALI could act as a predictor of the incidence of POCs without heterogeneity. Furthermore, sensitivity analysis suggested that the result of meta-analysis for POCs was reliable. Based on these results, the ALI may be regarded as an effective clinical indicator predicting the short-term and long-term results of GI cancer patients.

There are some limitations in our study. First, all of the involved studies were retrospective studies performed at a single center, which may increase the risk of bias, and more prospective studies are required to further investigate this issue. Second, all included studies are Asian cohorts and studies from western countries are lacking, which may lead to potential publication bias and limit the generalization of the results. Third, due to the limited number of included studies, the value of the ALI in POCs, especially in specific POCs, needs to be further clarified. Finally, the cut-off value of the ALI among studies varied a lot, which might affect the validity and clinical utility of these findings; and further studies that use ALI as a continuous variable are warranted to verify this issue.




5 Conclusions

The findings of the meta-analysis suggested that the ALI prior to initial treatment is of great significance in predicting POCs and long-term survival results in patients with GI cancer. However, high-quality prospective studies with large sample size are still required to further validate the value of ALI in GI cancer.
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