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Objective

The aim of this study was to explore the predictive role of inflammation-related parameters in prognosis of esophageal squamous cell carcinoma (ESCC).



Methods

A total of 370 ESCC patients subjected to curative surgery were enrolled. All patients had complete medical records and did not receive preoperative adjuvant therapy. Preoperative systemic immune-inflammation index (SII) was calculated as platelet count × neutrophil count/lymphocyte count, prognostic nutrition index (PNI) as albumin concentration (g/L) + 5 × total lymphocyte count (109/L), and systemic inflammation response index (SIRI) as neutrophil count × monocyte count/lymphocyte count. The optimal cut‐off values of preoperative SII, neutrophil‐to‐lymphocyte ratio (NLR), platelet‐to‐lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), PNI, and SIRI were determined via receiver operating characteristic (ROC) analysis, and their correlations with clinical parameters and survival analyzed.



Results

NLR was associated with gender (P = 0.022), and PLR (P = 0.037), PNI (P = 0.017) was associated with survival status, LMR was related with gender (P = 0.034) and survival status (P = 0.01), SIRI was correlated with gender (P = 0.000), smoking history (P = 0.000) and drinking history (P = 0.004). Survival analysis indicated that high PLR (P = 0.042), low LMR (P = 0.001), and low PNI (P = 0.007) were predictive of poor prognosis of ESCC. Stratified analysis revealed the prognostic predictor roles of distinct markers in different ESCC subgroups. SII and SIRI were predominantly correlated with the clinical outcome in the lymphatic metastasis subgroup. Further univariate analysis disclosed that T stage, smoking history, lymphatic metastasis, TNM staging, PLR, LMR, and PNI potentially serve as influencing factors(P < 0.05). Multivariate analysis identified T stage (HR = 1.781, P = 0.002), TNM staging (HR = 8.617, P = 0.001) and LMR (HR = 0.504, P = 0.001) as independent predictors for outcomes of ESCC.



Conclusions

Low LMR could serve as an independent marker of poor prognosis in patients with ESCC. Inflammation-related markers have distinct predictive roles in ESCC subgroups with different features.
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Introduction

Esophageal squamous cell carcinoma (ESCC) with a malignant clinical course and negative outcome accounts for ~90% of esophageal cancers in China (1–3). While chemotherapy and radiotherapy are partially beneficial for survival outcomes, repeated recurrence and limited therapeutic approaches have led to low 5-year survival rates of ~30% (4). In recent years, emerging immunotherapy has been successfully applied to treat around 30% of solid tumors. However, the effects of immunotherapy in ESCC are yet to be clinically validated. Identification of safe and reliable biomarkers for assessment of the outcomes and effective monitoring of the therapeutic effects is therefore essential to improve survival rates.

Inflammation is known to play a critical role in cancer progression and management. Hanahan et al. identified tumor-promoting inflammation was considered as a cancer hallmark trait (5). Inflammation is an indispensable innate immune response to the disruption of perturbed tissue homeostasis. Chronic inflammatory response predisposes to all stages of tumor development at all stages and may be utilized as a therapeutic tool (6). Accumulating evidence from recent studies indicates that several inflammatory markers have predictive value in the prognosis of cancer. In clinical practice, the systemic inflammatory response is regarded as a low-cost, highly practicable biomarker, commonly evaluated via routine blood tests (leukocytes, neutrophils, lymphocytes, monocytes, platelets, et al) and blood biochemical indicators (albumin, C-reactive protein) (7). Inflammation-related parameters, including neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR), platelet-lymphocyte ratio (PLR), and C-reactive protein/albumin ratio (CRP/Alb), are associated with tumorigenesis and development and serve as independent prognostic factors for cancer. Compared with the traditional international Federation of Gynecology and Obstetrics (FIGO) staging system, the nomograms integrating systemic inflammation response index (SIRI) can be used to predict the survival of cervical cancer patients more objectively and reliably after radical resection (8). Breast cancer patients with an increased in SIRI > 75% or 25-75% was shown to be associated with poorer overall survival (OS) than that with no SIRI changes (P< 0.001) (9). Preoperative SIRI may be a reliable predictor of OS in postmenopausal patients with operable breast cancer, providing personalized prognostication and assistance in the formulation of clinical treatment strategies (10). Additionally, the systemic immune-inflammation index (SII) is proposed to play a prognostic predictive role in ESCC (11). SIRI has been reported as an independent prognostic index in radically resected ESCC (12). Systemic inflammation score (SIS) is a novel and more promising inflammation-based prognostic tool than the prognostic nutrition index (PNI) in ESCC patients subjected to esophagectomy (13). However, to our best knowledge, available studies based on related inflammatory response indexes in patients with surgically resected ESCC are limited, with controversial results.

In the present study, we further focused on prognostic factors of ESCC and evaluated the prognostic performance of inflammation-related parameters in predicting postoperative survival in our patient cohorts.



Materials and methods


Patients

This study was a single-center, retrospective design. In total, 370 ESCC patients were enrolled at Shanxi Province Cancer Hospital between October 2016 and May 2018. None of the subjects had received neoadjuvant chemoradiotherapy or any other cancer treatments before operative treatment. Surgery was performed in all cases and ESCC diagnosis was subsequently confirmed by pathologists. And patients with complete medical information. The following exclusion criteria were applied: (1) patients with other histological types of esophageal carcinoma; (2) patients who had received any EC-related treatment before recruitment; (3) patients whose diagnosis was not been confirmed by pathology; and (4) patients with incomplete medical information. Clinical staging of ESCC was determined based on the 8th edition of the TNM staging system of esophageal cancer by the American Joint Commission on Cancer and the Union for International Cancer Control. Follow-up was performed via telephone and outpatient consultation based on National Comprehensive Cancer Network (NCCN) guidelines. OS time was assessed from the date of surgery to the date of the most recent follow-up or death. The follow-up period ended in November 2021.



Data collection and the definition of inflammation-related parameters

All preoperative blood routine and biochemical results were recorded. Calculations for indicators were performed as follows: NLR = neutrophil count/lymphocyte count, PLR = platelet count/lymphocyte count, LMR = lymphocyte count/monocyte count, SII = platelet count × neutrophil count/lymphocyte count, PNI = albumin concentration (g/L) + 5×total lymphocyte count (109/L), SIRI = neutrophil count × monocyte count/lymphocyte count.



Statistical analysis

All data were statistically analyzed by employing the SPSS 22.0 software package (IBS SPSS, Armonk, NY, USA). The optimal cut-off values of NLR, PLR, SII, PNI, and SIRI were determined via receiver operating characteristic analysis. The association of multiple predictors with clinicopathological features of ESCC was analyzed via the chi-square test. Overall survival stratified by multiple inflammatory biomarkers was assessed using the Kaplan–Meier method and log-rank test. Univariate and multivariate analyses were performed based on the Cox proportional hazards regression model. P values less than 0.05 were considered statistically significant.




Results


Basic characteristics of patients

The 370 ESCC patients enrolled consisted of 245 males (66.22%) and 125 females (33.78%). The median age was 61 years (40-81 years). In total, 47.84% of ESCC patients had exposure to tobacco consumption, and 29.73% patients harbored an alcohol drinking lifestyle. The primary location was the middle esophagus in 72.43% of cases, the lower segment in 23.51% of cases, and the upper esophagus in only 4.05% cases. Moderately differentiated ESCC accounted for 65.68% of the total cases, followed by poorly differentiated (31.89%) and well-differentiated ESCC (2.43%). Overall, 65.68% of ESCC patients were at the advanced T stage at diagnosis and only a small proportion of patients (32.32%) were diagnosed at the early T stage. In total, 43.78% of ESCC patients harbored advanced TNM stages at the time of diagnosis, and ESCC was accompanied by lymphatic metastasis in 45.41% of cases. The collective clinical, epidemiological, and pathological features are presented in Table 1.


Table 1 | The clinical characteristics of ESCC patients.





Associations between NLR, PLR, LMR, PNI, SII, SIRI and relevant clinicopathological characteristics in ESCC patients

We further analyzed the correlations between six inflammation-related parameters and clinicopathological features in ESCC patients. ROC analysis revealed optimum cut-off values of NLR, PLR, LMR, PNI, SII, SIRI of 1.304, 98.7144, 3.1049, 50.6, 313.6978, and 0.4854, respectively. Accordingly, patients were divided into two groups with low or high levels of each parameter based on the optimal cutoff value for further correlation analysis. As shown in Table 2, NLR was associated with gender (χ2 = 5.255, P = 0.022), PLR (χ2 = 4.369, P = 0.037) and PNI (χ2 = 5.717, P = 0.017) with survival status, LMR with gender (χ2 = 4.503, P = 0.034) and survival status (χ2 = 6.686, P = 0.01), and SIRI with gender (χ2 = 14.316, P = 0.000), smoking history (χ2 = 12.709, P = 0.000) and drinking history (χ2 = 8.078, P = 0.004). SII was not associated with all clinical and pathological parameters. The collective results support an association of the inflammation-related index with clinical features of ESCC.


Table 2 | The relationship between inflammatory parameter and clinical pathological features.





Higher PLR, lower LMR, and lower PNI are predictive factors in the survival of patients with ESCC

We further compared the difference in OS between the two groups. Kaplan-Meier analysis revealed shorter OS in the high PLR group relative to in the low PLR group (log-rank = 4.133, P = 0.042). Moreover, ESCC cases with low LMR(log-rank = 11.922, P = 0.001) and low PNI (log-rank = 7.302, P = 0.007) had poorer prognosis. Our results suggest that PLR, LMR, and PNI collectively serve as predictive factors of survival in ESCC (Figure 1).




Figure 1 | The prognosis predicting role of preoperative NLR, PLR, LMR, SII, SIRI, PNI.





Preoperative inflammatory markers are potentially associated with adverse clinical outcomes in combination with diverse features of ESCC

Considering the predictive prognostic role of inflammatory parameters, a stratified analysis was conducted to further determine the high-risk patient group. In terms of SII index, higher SII was associated with poorer prognosis than the control group when stratified by level of lymphatic metastasis (Figure 2). Similarly, among ESCC patients with lymphatic metastasis, shorter OS was observed for the SIRIlow group than the SIRIlow group (Figure 3). However, the SIRIlow group had shorter OS than the SIRIhigh group among patients with upper ESCC. NLR was specifically associated with OS in the upper ESCC subgroup (Figure 4). These findings support the utility of higher SII and SIRI as prognosis predictors in ESCC cases with lymphatic metastasis. Moreover, higher PLR was associated with poorer clinical outcomes for the following groups of ESCC patients: age < 60 years, male, smoker, and lymphatic metastasis (Figure 5). Interestingly, the poor prognosis was associated with upper ESCC harboring lower PLR while opposite results were obtained for the middle ESCC group. PNI showed superior predictive ability at all group levels after stratification, especially in the following groups of patients: age < 60 years, male, middle location, smokers, drinkers, G1+G2, advanced T staging, non-lymphatic metastasis, and early TNM stage. Our data indicate that preoperative PNI is a useful predictor of OS in ESCC patients (Figure 6). As shown in Figure 7, lower LMR may have prognostic predictive value in specific groups of patients (aged ≥ 60 years, male, non-drinkers, G1+G2, and advanced T staging). Overall, the predictive capability of the six parameters was associated with different features of ESCC which should facilitate the identification of high-risk populations for clinical management.




Figure 2 | Predicating role of preoperative SII level for the OS of ESCC patients. (A–I) Kaplan-Meier survival curves of ESCC patients with different SII levels combined with diverse features like age (A), gender (B), tumor location (C), smoking history (D), drinking history (E), tumor grade (F), T stage (G), lymph node metastasis (H) and TNM staging (I).






Figure 3 | Predicating role of preoperative SIRI level for the OS of ESCC patients. (A–I) Kaplan-Meier survival curves of ESCC patients with different SII levels combined with diverse features like age (A), gender (B), tumor location (C), smoking history (D), drinking history (E), tumor grade (F), T stage (G), lymph node metastasis (H) and TNM staging (I).






Figure 4 | Predicating role of preoperative NLR level for the OS of ESCC patients. (A–I) Kaplan-Meier survival curves of ESCC patients with different NLR levels combined with diverse features like age (A), gender (B), tumor location (C), smoking history (D), drinking history (E), tumor grade (F), T stage (G), lymph node metastasis (H) and TNM staging (I).






Figure 5 | Predicating role of preoperative PLR level for the OS of ESCC patients. (A–I) Kaplan-Meier survival curves of ESCC patients with different PLR levels combined with diverse features like age (A), gender (B), tumor location (C), smoking history (D), drinking history (E), tumor grade (F), T stage (G), lymph node metastasis (H) and TNM staging (I).






Figure 6 | Predicating role of preoperative PNI level for the OS of ESCC patients. (A–I) Kaplan-Meier survival curves of ESCC patients with different PNI levels combined with diverse features like age (A), gender (B), tumor location (C), smoking history (D), drinking history (E), tumor grade (F), T stage (G), lymph node metastasis (H) and TNM staging (I).






Figure 7 | Predicating role of preoperative LMR level for the OS of ESCC patients. (A–I) Kaplan-Meier survival curves of ESCC patients with different LMR levels combined with diverse features like age (A), gender (B), tumor location (C), smoking history (D), drinking history (E), tumor grade (F), T stage (G), lymph node metastasis (H) and TNM staging (I).





LMR serves as an independent predictor for the prognosis of ESCC

To further validate the predictive role of inflammation-related parameters in the survival status of ESCC patients, univariate and multivariate Cox proportional hazard regression analyses were performed. Univariate analysis revealed that T stage (HR = 2.098, 95% CI = 1.483–2.969, P = 0.000), smoking history (HR = 1.382, 95% CI = 1.03–1.855, P = 0.031), lymphatic metastasis (HR = 3.708, 95% CI = 2.259–4.193, P = 0.000), TNM staging (HR = 3.530, 95% CI = 2.586–4.818, P = 0.000), and PLR (HR = 1.442, 95% CI = 1.011–2.058, P = 0.043) may enhance survival risk of ESCC while LMR (HR = 0.53, 95% CI = 0.368–0.765, P = 0.001) and PNI (HR = 0.649, 95% CI = 0.473–0.890, P = 0.007) were identified as protective factors (Table 3). In multivariate analysis, T stage (HR = 1.781, 95%CI = 1.245–2.548, P = 0.002), TNM staging (HR = 8.617, 95% CI = 2.43–30.551, P = 0.001) and LMR (HR = 0.504, 95% CI = 0.331–0.768, P = 0.001) were identified as an independent predictors of adverse events in ESCC (Table 3). Importantly, T stage and TNM staging appear to be risk factors and preoperative LMR plays a protective role in survival outcomes of ESCC patients subjected to surgery. Our findings support the utility of LMR as a superior predictor of ESCC survival outcomes.


Table 3 | The univariate and multivariate analysis.






Discussion

In the present study, we examined the predictive value of preoperative inflammation-related parameters and evaluated their clinical significance in ESCC. A number of index-based routine blood parameters including NLR, PLR, LMR, SII, SIRI, and PNI, were correlated with specific malignant characteristics of ESCC.

NLR was significantly associated with gender (88.2% male ESCC patients), consistent with the finding of Gao Y et al. (11). In terms of the epidemiology of ESCC, male patients accounted for 70% of esophageal cancer cases, with 2- to 3-fold differences in incidence and mortality rates between the genders (14). Similarly, LMR and SIRI were correlated with gender, in keeping with the other available studies (12, 15), suggesting that these indicators are associated with an elevated risk of ESCC. Our analysis additionally revealed correlations of SIRI with smoking and drinking history. Epidemiologically, tobacco smoking and alcohol consumption have been identified as critical risk factors for ESCC in economically developed countries (16), exerting variable carcinogenic effects based on the degree of consumption. Unexpectedly, SII was not associated with all clinical and pathological features of 370 ESCC patients in this study, possibly due to the limited sample size and heterogeneity. We observed that lower LMR and PNI, and higher PLR were associated with increased deaths. LMR and PNI appeared negatively correlated while PLR was positively correlated with survival status. Further, survival analysis revealed shorter OS of high PLR, low LMR, and low PNI groups, suggesting that the three biomarkers are associated with unfavorable clinical outcomes, in keeping with earlier literature (15, 17, 18). However, the complex and dynamic mechanisms by which these indicators promote carcinogenesis are yet to be established.

The tumor environment is the dominant setting that fosters tumorigenesis and development (19). In addition to immune cells and molecular, infiltrating inflammatory cells are clearly involved in tumor behavior. Notably, systemic or local inflammation can facilitate tumor formation and progression in an inflammatory cell-dependent manner. Thus, neutrophils, platelets, lymphocytes, and monocytes derived from peripheral blood provide a causal link between inflammation and cancer. Considerable clinical evidence has highlighted the contribution of these cells to tumor progression and their predicting prognostic value in various cancer types (20). Since the late 1980s, a decisive role of neutrophils in primary tumor growth through entry into the tumor microenvironment and interactions with cancer cells has been reported (21). Mechanistically, recruited neutrophils express inducible nitric oxide synthase(iNOS) and arginase 1 (ARG1) to inhibit activation and anti-tumor effects of CD8 + T cells (12, 21–23), produce reactive oxygen species (ROS) or reactive nitrogen species (RNS) to facilitate the transformation of epithelial to cancer cells, and induce BV8 and vascular endothelial growth factor (VEGF), leading to remodeling of extracellular matrix (ECM) and mediation of angiogenesis (22, 23). Additionally, neutrophils play an essential role in expediting metastasis by releasing neutrophil extracellular traps (NET). Generally, circulating lymphocytes modulate tumor growth and improve the survival rates of cancer patients through the production of cytokines (IFN-γ and TNF-α), and thus reduced quantity or exhaustion of lymphocytes impairs immune surveillance and defense in cancer (24, 25). Recent findings indicate that tumor-associated macrophages (TAM) generated from monocytes affect tumorigenesis. Increased infiltration of TAM is associated with the survival status of various cancers. Hence, the number and percentage of monocytes could substitute for TAMs to mirror the tumor burden. Notably, LMR may reflect the dynamic balance between the pro-tumor reaction and anti-tumor immune response and therefore be significantly associated with adverse clinical prognosis. Additionally, platelets are considered active players in stimulating tumorigenesis and hematogenous metastatic dissemination by recruiting myeloid cells, secreting platelet-secreted growth factors, and specific chemokines (26, 27). Thrombocytosis in cancer patients is associated with adverse patient survival. Our results confirmed an association of high PLR with a poorer prognosis of cancer. Given their rich microparticle and exosome contents, platelets are well-positioned to coordinate the interplay between tumors and hosts.

We further conducted stratified analysis for identifying the high-risk populations for clinical management. Previous studies suggested that lymph node metastasis can commonly occur in ESCC and is predictive of a poorer prognosis (28, 29). Both SII and SIRI showed utility in prognostic prediction in ESCC patients with lymphatic metastasis. These two factors may therefore serve as valuable lymphatic metastasis-related prognosis markers for ESCC. Nevertheless, NLR was less powerful for all subgroups except upper ESCC, suggesting a correlation with tumor location. Primary locations of esophageal tumors are reported to be correlated with distant metastasis sites (30). For example, patients with upper esophageal cancer are prone to lung metastasis while lower ESCC is more commonly associated with liver invasion. Given the limited number of cases of upper ESCC, further studies on location-related ESCC are essential. Additionally, we examined the specific roles of PLR, LMR, and PNI in the prognosis of different ESCC subgroups. All three markers showed significant association with the male gender. Lower LMR was correlated with shorter OS in older ESCC patients, while higher PLR and lower PNI were predictive of poor prognosis in young patients, supporting their use as age-related prognostic markers. Higher PLR was more relevant to deceased status for upper and the middle subgroups, and lower PNI correlated with a tendency of shorter OS for the middle  ESCC subgroup. These associations with location-related metastasis patterns require further exploration.

Tobacco smoking and alcohol are lifestyle risk factors for ESCC (16). Recent research suggests that these lifestyle habits can accelerate the progressive age-related expansion of clones and remodel the esophageal epithelium driven by mutation (31). Higher PLR was predictive of poorer outcomes in ESCC with positive smoking status and lower PNI played a predictive role in cases with exposure to tobacco and alcohol in our experiments. Conversely, lower LMR was correlated with poor prognosis for patients with no drinking history. For well and moderately differentiated and advanced T staging groups, lower LMR, and PNI had better predictive values. Importantly, lower PNI was related to survival in the ESCC subgroup at the early TNM stage and in the absence of lymphatic metastasis. The data suggest that pre-surgical PNI has good performance in assessing the prognosis of the early diagnosis subgroup of ESCC patients. Therefore, these different markers appear to exert variable effects in different ESCC subgroups.

Finally, we screened the independent risk factors were screened via Cox regression analysis. Univariate analysis revealed that T stage, smoking history, lymphatic metastasis, TNM staging, and PLR are related to increased risk of ESCC while LMR and PNI serve as protective factors. Furthermore, multivariate analysis showed a 1.717-fold, 5.65-fold, and 0.511-fold risk of adverse events in relation to advanced T stage, TNM staging, and high level of LMR of ESCC. Based on the data, we propose that advanced T stage and TNM staging serve as risk factors and preoperative high LMR had a protective effect on survival outcomes of ESCC following surgery. The collective results indicate that tumor-infiltrating lymphocytes and monocytes play active roles in cancer progression. In our study, we can’t find the superiority of SII and SIRI for OS was not observed, which could be potentially attributed to the limited cohort size and insufficient follow-up period.

Our study has a number of limitations that should be acknowledged. Firstly, this was a single-center retrospective design. Studies on larger sample sizes and avoidance of selection bias via multi-center investigations are therefore necessary. Secondly, longer follow-up is essential for the accurate assessment of clinical applications when grouped by different post-surgical therapy. A comprehensive evaluation of the mechanisms underlying the interplay between both these cell types and cancer should be further conducted to facilitate the development of promising treatments targeting cancer-associated inflammation.



Conclusion

Pretreatment peripheral parameters such as high PLR, low LMR, and low PNI are significantly correlated with adverse events in ESCC. SII and SIRI showed superiority in the prediction of outcomes, especially for the lymphatic metastasis subgroup. Furthermore, LMR may serve as an independent prognostic predictor of long-term survival for patients with ESCC. Given the simplicity, reproducibility, and low cost of analysis of inflammation-related parameters, immune cells present promising indicators of survival in the clinical management of ESCC.
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