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Background

Although many studies have shown the predictive value of the high neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) for various cancers, there are conflicting reports regarding their role in laryngeal cancer. This study aimed to evaluate the relationship between high NLR/PLR and laryngeal cancer prognosis with the help of meta-analysis.



Methods

PubMed, Embase and other databases were used to search relevant studies. The pooled hazard ratio (HR) and 95% confidence interval (CI) were calculated using either the random-effect-model or fixed-effect model. Sensitivity analyses and subgroups were used to explore potential sources of heterogeneity. Publication bias was also adopted.



Result

5716 patients from 20 studies were involved in this meta-analysis. Pooled observed survival (OS) (HR=1.70, 95%CI, 1.41-2.04, p<0.001), progression-free survival (PFS) (HR=1.81, 95%CI, 1.47-2.23, p<0.001), and disease-free survival (DFS) (HR=1.86, 95%CI, 1.45-2.38, p<0.001) showed the prediction of high NLR for poor prognosis. It also suggested that high PLR predicted poor OS (HR=1.89, 95%CI, 1.21-2.94, p<0.001).



Conclusion

This study indicated that high NLR was associated with poor OS, PFS, and DFS in laryngeal cancer patients, and high PLR was related to poor OS. Both could be potential predictors of prognosis.
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Introduction

Laryngeal cancer is one of the most common malignancies, accounting for about 2.4 percent of new malignancies worldwide (1, 2). In 2015, there were 16,300 new cases of laryngeal cancer and 14,500 deaths in China (3). The American Cancer Society also estimates that 12,470 new cases will be diagnosed in the United States in 2022, and 3,820 people will die of laryngeal cancer (4). Despite the continuous progress of radiation therapy, transoral laser microsurgery and other laryngeal cancer treatments (5), no significant improvement in the observed survival (OS) or relative survival rate (RS) has been reported (6). Currently, clinical treatment is selected mainly according to the TNM Classification by the American Joint Commission on Cancer. However, this system focuses only on the anatomical features of tumor size and metastasis, which is not a reliable prognosis for the disease. Prognosis varies among patients with the same stage (7), while immune status (8) and pathological types (9) contribute to prognosis more. The interaction between psychological and functional changes caused by cancer treatment is also important (10). It is essential to find easily accessible new evaluation markers to assess the survival outcome of laryngeal cancer. It has been shown that inflammatory responses can promote cancer development and affect prognosis (11). Tumor-related inflammatory markers have become a focus of many researchers. Previous studies have identified that lymphocyte-to-monocyte ratio, interleukin-12 receptor, immune-inflammatory index and the interleukin-23 receptor can be prognostic indicators for laryngeal cancer (12, 13). High neutrophil/lymphocyte level and low lymphocyte level are closely related to tumor invasion and progression (14–16). As new inflammatory indicators, Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) also have good prognostic value for gastric cancer (17), esophageal cancer (18), bladder cancer (19), breast cancer (20), and ovarian cancer (21). Recent studies showed that high pre-treatment NLR/PLR is a sign of poor prognosis in laryngeal cancer (22–24), but this result has not been confirmed in some other studies (22, 25, 26). Therefore, the role of NLR/PLR in the prognosis of laryngeal cancer remains controversial. Meta-analysis is recognized as a powerful statistical tool that can break down the limitations of different individual studies. It can be used to synthesize different studies and obtain objective and scientific results. In this meta-analysis, we aimed to assess the value of NLR and PLR in the prognosis of laryngeal cancer through meta-analysis.



Materials and methods


Search strategy

A systematic search of PubMed, Embase, and other databases was conducted from March 1, 1995, to March 1, 2022. Only English literature could be considered. Both Mesh terms and free-text words were used for article search. The detailed search strategy is as follows: (‘Platelet-to-lymphocyte ratio’ OR ‘platelet-lymphocyte ratio’ OR ‘PLR’ OR ‘platelet to lymphocyte ratio’ OR ‘platelet lymphocyte ratio’ OR ‘neutrophil lymphocyte ratio’ OR ‘neutrophil-to-lymphocyte ratio’ OR ‘neutrophil-lymphocyte ratio’ OR ‘NLR’ OR ‘neutrophil to lymphocyte ratio’ OR ‘neutrophil lymphocyte ratio’) AND (‘Laryngeal Neoplasm’ OR ‘Larynx Neoplasms’ OR ‘Larynx Neoplasm’ OR ‘Cancer of Larynx’ OR ‘Larynx Cancers’ OR ‘Laryngeal Cancer’ OR ‘Laryngeal Cancers’ OR ‘Larynx Cancer’ OR ‘Cancer of the Larynx’ OR ‘Laryngeal Neoplasms’). All reference lists for candidate articles were searched independently by two authors (Xianyang Hu and Tengfei Tian). In case of disagreement, the decision is left to the third author (Qin Sun).



Inclusion criteria

Eligibility criteria are as follows: (1) Studies explored the relationship between pre-treatment NLR or PLR and the prognosis of patients with laryngeal cancer. (2) PLR and NLR were measured by serum-based methods. (3) Studies used COX proportional risk analysis to calculate hazard ratios (HR) and their 95% confidence intervals (95% CI) for OS, progression-free survival (PFS), or disease-free survival (DFS), and provided specific data. (4) Score ≥6 according to the Newcastle-Ottawa Scale (NOS). Two authors independently determined whether the candidate article was selected (Xianyang Hu and Tengfei Tian), and any disagreement was resolved by the third author (Qin Sun).



Exclusion criteria

Exclusion criteria are as follows: (1) Abstracts, case reports, letters, reviews, meta-analysis, system reviews, or non-clinical articles. (2) Articles completed in a language other than English. (3) Studies lacked specific data for HR, 95% CI or p values. (4) Studies data is doubtful (The table shows that high PLR is associated with a good prognosis, which is inconsistent with the description of survival curve in this paper). (5) Duplication of data between studies. Two authors independently determined whether the candidate article was dropped (Xianyang Hu and Tengfei Tian), and any disagreement was resolved by the third author



Data extraction

For all selected articles, we recorded the following information: the author, the year of publication, time of data collection, study region, study design, the number of patients, diagnosis method, the age of patients, tumor type, follow-up time, cut-off value of PLR and NLR, outcomes and HRs with 95%CI.



Quality assessment

The quality of the included studies was assessed by NOS, which includes three parts: selection, comparability, and outcome assessment. Each of the three parts has a different score (selection: 0-4, comparability: 0-2, outcome assessment: 0-3). Studies with NOS ≥ 6 were considered high quality. Two authors completed this work (Xianyang Hu and Tengfei Tian).



Statistical analysis

STATA statistical software (version 12.0) was used for all statistical analyses. For the effect of NLR and PLR on prognosis, we used the pooled HR and 95%CI of OS, PFS, and DFS to assess. When studies had both univariate and multivariate analysis results, we preferred multivariate analysis. Higgins I-squared statistic and Cochran’s Q test were used to assess the heterogeneity. I2>56% or a P heterogeneity<0.1 indicated significant heterogeneity. If considerable heterogeneity existed, the random-effect model would be appropriate. Otherwise, the fixed-effect model would be used. Due to the significant heterogeneity, subgroup analysis, and sensitivity analysis were used to find the sources of heterogeneity. Also, meta-regression analysis was applied to verify the reliability of the results. Publication bias was assessed using Begg’s test and Egger’s tests. For all statistically significant analyses, a two-sided p needed to be less than 0.05.




Results


Search information

First, 115 studies were identified through a preliminary data search. Second, by scanning titles and abstracts, sixteen studies were left out as they were non-clinical articles. Forty-five studies were removed because they were not related to the subjects. Seventeen studies were excluded because they were not associated with prognosis. One non-English study was excluded. Afterward, thirty-six articles were eligible for full-text review. Fourteen studies without performing HRs and 95%CI or P values were regarded as lacking data and removed. One article with conflicting data was excluded. Finally, twenty studies with 5716 patients were included. The flow chart shows the detailed selection process (Figure 1).




Figure 1 | Flow chart of study search and selection.





Characteristics of eligible studies

Table 1 summarizes the main characteristics of the selected studies. The meta-analysis includes twenty studies published in English from 2015 to 2021. The number of people included in the selected studies ranged from 60 to 1047. All studies were retrospective. These studies were conducted between 1990 and 2018, with sixteen studies from China and four from the United States, United Kingdom, Turkey, and Italy. Eighteen studies focused on Laryngeal Squamous Cell Carcinoma (LSCC), and two studies focused on all types of laryngeal cancers. Fifteen studies used pathology diagnosis, while five used other diagnostic methods or did not mention. All studies recorded pre-treatment NLR or PLR, and some studies reported both pre-and post-treatment data. The post-treatment data were omitted. Fewer than four studies reported the effects of NLR on cancer-specific survival, non-laryngeal cancer survival, recurrence-free survival, and locoregional recurrence-free survival. Therefore, only OS, DFS, and PFS were selected as endpoints for NLR. For the same reason, only OS was selected as the endpoint of PLR. The NOS scores of included studies varied from 6 to 8. Figure 2 shows the details of NOS scoring.


Table 1 | Main characteristics of the studies included in this meta-analysis.






Figure 2 | Quality assessment of the included studies.





Impact of NLR on OS

Seventeen studies explored the correlation between NLR and OS, with heterogeneity testing showing high (I2 = 72.2%, p<0.001). The combined HR (HR=1.70, 95%CI, 1.41-2.04, p<0.001) resulting from the random-effect model showed that high NLR correlates closely with poor OS (Figure 3).




Figure 3 | Forest plot of HR for the impact of NLR on OS. NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; HR, hazard ratio; CI, confidence interval.



Factors that might contribute to heterogeneity, such as diagnostic method, follow-up time, tumor type, NLR cutoff, study area, NOS score, and sample size, were selected. Subgroup analysis was then performed based on these, High NLR had predictive value for the prognosis of laryngeal cancer when NLR cut-off<3 mg/L (HR=1.73, 95%CI, 1.51-1.99), and the same when NLR cut-off≥3 mg/L (HR=1.43, 95%CI, 1.25-1.64). The heterogeneity among subgroups was not significant (cut-off<3, I2 = 43.70, p=0.052; cut-off≥3, I2 = 51.90%, p=0.101), suggesting that NLR cut-off was one of the major reasons for the high heterogeneity. Several studies also confirmed that the NLR with a cut-off of 3 is an important prognostic factor (19). As revealed in Table 2, diagnostic method (I2 = 72.20%, p < 0.001), follow-up time (I2 = 82.00%, p<0.001), tumor type (I2 = 72.20%, p<0.001), region of study (I2 = 72.20%, p<0.001), NOS score (I2 = 72.20%, p<0.001), and sample size (I2 = 72.20%, p<0.0010) also worked on the overall heterogeneity.


Table 2 | Main results of the subgroup analyses for the impact of NLR on OS.





Impact of NLR on PFS and DFS

Regarding the effect of NLR on PFS, heterogeneity was low among the four studies (I2 = 46.9%, p=0.13). Pooled HR (HR=1.81, 95%CI, 1.47-2.23, p<0.001) calculated by the fixed-effect model showed a correlation between high NLR and poor PFS (Figure 4). Five studies reported the impact of NLR on DFS, and their heterogeneity was also mild (I2 = 0, p=0.705), so the fixed-effect model was applied. The result showed that high NLR predicted low DFS in laryngeal cancer (HR=1.86, 95%CI, 1.45-2.38, p<0.001) (Figure 5). Because of limited study information, no subgroup analysis was performed.




Figure 4 | Forest plot of HR for the impact of NLR on PFS. NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval.






Figure 5 | Forest plot of HR for the impact of NLR on DFS. NLR, neutrophil-to-lymphocyte ratio; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval.





Impact of PLR on OS

Only 8 of the 20 studies explored the relationship between PLR and OS. The random-effect model was used to analyze the effect of PLR on OS due to the presence of high heterogeneity (I2 = 91.6%, p<0.001). The pooled HR equaled 1.89 (95%CI, 1.21-2.94, p<0.001), indicating that high PLR could suggest poor OS (Figure 6).




Figure 6 | Forest plot of HR for the impact of PLR on OS. PLR, platelet-to-lymphocyte ratio; OS, overall survival; HR, hazard ratio; CI, confidence interval.



A subgroup analysis was performed according to the diagnostic method, NOS score, sample size, and statistical model (univariate or multivariate). As shown in Table 3, the above diagnostic methods (I2 = 91.60%, p<0.001), NOS scores (I2 = 91.60%, p<0.001), sample size (I2 = 91.60%, p<0.001), and statistical model (univariate or multivariate) (I2 = 91.60%, p<0.001) all contributed to the overall heterogeneity. Subgroup analysis by NOS score suggested that high PLR predicted poor OS when NOS score was 7 (HR=1.62, 95%CI, 1.08-2.43) or 8 (HR=2.177, 95%CI, 1.198-3.955), but not when NOS score was 6 (HR=1.59, 95%CI, 0.5-4.29). Given that there were only two studies with a NOS value of 6, this finding needs further validation. Moreover, high PLR was related to poor OS for sample sizes less than 200 (HR=2.289, 95%CI, 1.428-3.667), while this result could not be obtained when sample sizes were more than 200 (HR=1.472, 95%CI, 0.790-2.741) (Table 3).


Table 3 | Main results of the subgroup analyses for the impact of PLR on OS.





Publication bias and sensitivity analyses

Publication bias was assessed using Egger’s test and Begg’s test (Figure 7). When analyzing the impact of NLR on OS, publication bias was found in both testing methods (Egger’s test, p<0.001<0.05; Begg’s test, p<0.0016<0.05) (Figure 7A). Analyzing the impact of high NLR on OS revealed no publication bias by Begg’s test (p=0.072>0.05), but showed publication bias through Egger’s test (p=0.01<0.05). Due to limitations in the number of studies, NLR publication bias for PFS and DFS was not performed (Figure 7B).




Figure 7 | Begg funnel plots for publication bias. (A) Studies for the impact of NLR on OS. (B) Studies for the impact of PLR on OS. NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; OS, overall survival.



Sensitivity analysis assessed the impact of individual studies on the overall results. As shown in Figure 8, the omission of one study did not affect the outcomes, indicating the stability and reliability of our results.




Figure 8 | Sensitivity analysis of the corresponding included studies in each study. (A) Study for the impact of NLR on OS. (B) Study for the impact of NLR on PFS. (C) Study for the impact of NLR on DFS. (D) Study for the impact of PLR on OS. NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; OS, overall survival; PFS, progression-free survival; DFS, disease-free survival.






Discussion

Biomarkers play an important role in the diagnosis of many diseases (43, 44), and urine biomarker monitoring has become an effective approach for molecular diagnosis and individualized drug use of bladder (45). At the same time, inflammatory response plays a vital role in the development, progression, and metastasis of cancer. And it is closely associated with death and recurrence in patients with malignancy after surgery (11, 46). Previous studies have shown that various validated indicators such as C-reactive protein (47) and interleukin-6 (48) are closely associated with the prognosis of cancers. Na Liu et al. concluded that both high NLR and PLR predicted poor prognosis in non-small cell lung cancer (49). A study by Song et al. on osteosarcoma also revealed that high NLR/PLR was associated with poor prognosis (50). And Yan Jiang et al. found the same predictive effect of NLR/PLR for esophageal cancer (51).

This study is the most comprehensive and complete meta-analysis of the predictive value of NLR and PLR in laryngeal cancer as is known to us. We included 5716 patients from 20 studies and confirmed that high NLR and PLR predicted poor OS. We also concluded that high NLR was associated with poor PFS and DFS. A recent meta-analysis published by Lin Yang et al. about the role of NLR in predicting the prognosis of head and neck squamous cell carcinoma is available (7). Compared with them, we narrowed the disease to laryngeal cancer, which is more in line with precision medicine. We also added PLR as a predictive index, making the assessment more comprehensive. In addition, Fangyu Yang et al. also conducted a meta-analysis of the relationship between NLR and laryngeal cancer (52), but we included more studies (20vs12 studies in Fangyu Yang’s) and more patients (5716vs3746 patients in Fangyu Yang’s). More studies and patients make our research more accurate and scientific. And we comprehensively analyze the impact of NLR and PLR on OS, DFS, PFS, which makes our conclusion of more clinical value. Notably, the similar results of the above two meta-analyses further support the results obtained from our study, giving more conviction to this study.

Numerous studies reported the relationship between NLR/PLR and the prognosis of laryngeal cancer, while their results are contradictory (22–26). Some studies confirm that high NLR/PLR predicts poor prognosis (22–24), but others fail to do so (22, 25, 26). Therefore, in this study, we performed a meta-analysis to accurately predict the predictive value of pre-treatment NLR/PLR in laryngeal cancer.

Our results show that high pre-treatment NLR predicted poor OS (HR=1.70, 95%CI, 1.41-2.04, p<0.001), PFS (HR=1.81, 95%CI, 1.47-2.23, p<0.001) and DFS (HR=1.86, 95%CI, 1.45-2.38, p<0.001). Similarly, high PLR was associated with poor OS (HR=1.89, 95%CI, 1.21-2.94, p<0.001). Subgroup analysis revealed that various factors such as diagnostic method, follow-up time, tumor type, study area, NOS score, cut-off values, and sample size were sources of heterogeneity. More studies and analyses are needed to explore the effects of subgroups. The reliability of our findings was verified by sensitivity analysis, but the tests showed a significant publication bias. Results of studies with significance are more likely to be reported and published than those with insignificance and invalidity (53). Based on this result, we judged that pre-treatment NLR and PLR might be vital indicators to predict the prognosis of laryngeal cancer. NLR and PLR are inexpensive and readily available blood-borne parameters, so we suggested hospitals paying attention to NLR and PLR values and providing appropriate treatment based on them.

Although many studies have reported the predictive role of PLR/NLR on cancer prognosis, the mechanisms have not been fully clarified (16). The increase of NLR and PLR levels suggests a relative decrease of lymphocytes and a relative increase of neutrophils and platelets. Two reasons for high NLR predicting poor cancer prognosis are available. One explanation is that, as a typical inflammatory cell, neutrophils represent the inflammatory state of the tumor (54–56). Neutrophils can produce vascular endothelial growth factors, hepatocyte growth factors, chemokines, intercellular adhesion molecules-1, IL-6, IL-8, transforming growth factor-β, and matrix metalloproteinases. All these secretions have been shown to promote angiogenesis, and cell growth, thus facilitating tumorigenesis and development (57–63). Evidence suggested that neutrophils could promote tumor metastasis and invasion (14, 64–66). Meanwhile, neutrophils can secrete reactive oxygen species, nitric oxide, and arginase to suppress lymphocytes and natural killer cells (67, 68). They can also inhibit T-cell proliferation through hydrogen peroxide and integrin Mac-1 (69). Therefore, high neutrophils indicate a poor prognosis of cancer. Another explanation is that lymphocytes, a fundamental component of the immune system, can reflect anti-tumor immunity (29, 70). Enough studies showed that lymphocytes could suppress the proliferation and metastasis of tumor cells and avoid the rise and spread (15, 55, 56). Therefore, a decrease in lymphocytes often indicates a poor prognosis for cancer. For PLR, the same two factors come into play. Besides the lymphocytes mentioned above, elevated platelets are also essential. Tumor cells can secrete inflammatory mediators (71), thrombopoietin, and leukemia inhibitory factor (72), which promote the differentiation of megakaryocytes to platelets (73). These secretions can also facilitate the activation of platelets (74, 75). The elevated platelets in turn release inflammatory mediators and vascular endothelial growth factor to promote tumor angiogenesis (16). Various studies reported that platelets could promote tumor growth and metastasis and fight immune responses (71, 76–78). Myriam Labelle’s study indicated that platelets induce tumor cells epithelial-mesenchymal transition through activation of TGF-β/Smad and NF-κB pathways, thereby promoting their metastasis (79). Thus, increased platelets are closely associated with tumor progression.

In short, NLR and PLR reflect the balance of tumor inflammatory response and anti-tumor immune response. Their increase indicates an inadequate immune response to tumors and the formation of an immune microenvironment conducive to tumor growth, thus enabling to prediction of the prognosis. In addition, various studies have shown that NLR is more effective in predicting cancer prognosis than PLR (39, 80). All of these coincide with the results of our study.

However, besides publication bias, our meta-analysis also had some limitations. First, significant heterogeneity existed in the HR for OS (NLR, I2 = 72.2%, p<0.001; PLR, I2 = 91.6%, p<0.001). Despite using sensitivity and subgroup analyses, it is not easy to accurately trace the source of heterogeneity. Second, all included studies were retrospective. Therefore, some prospective randomized studies were necessary to confirm our results. Third, when analyzing the impact of NLR on PFS/DFS, there are fewer eligible papers. The same applied when analyzing the relationship between PLR and OS. And we limited the language of publication to English so that we might have missed a lot of high-quality studies.



Conclusion

Our results indicated that high NLR and PLR before treatment suggested poor prognosis in patients with laryngeal cancer. As inexpensive and easily accessible markers, NLR and PLR have the potential to become indicators to guide clinical treatment. In the future, further confirmation of our findings through numerous prospective studies is needed.
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range)
1 JingweiYao 2021  2012- China  Retrospective 60 pathology 60 M NA 28 - 0s M 6
27) 2017
2 Xueying 2021 2011-  China  Retrospective 412 pathology NA Lscc 59.9(1.9~83.2) NA NA 0s M 6
Wang (28) 2014
3 LiFangShen 2021  2009- China  Retrospective 338 pathology 63 (38-86), M NA 24 1229 08 M 8
29) 2018
4 Luana 2021 2006-  Brazil  Retrospective 168 pathology 612 (41-88)  LSCC 60 202 - 0s M 6
Dalbem 2011
Murad (30)
5 ZhiinLi(31) 2021  2008- China  Retrospective 147 pathology 60 (37-85) 1scc 54(3-101) 188 11736 OSPFS M 8
2013
6 Nikhil V 2021 2000  America Retrospective 1047 others 63(32-90) Lsce 52 417 - os/css M 8
Kotha (32) 2018 NCs
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NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; NA, not available; LCSS, Laryngeal Squamous Cell Carcinoma; others, diagnostic methods are not available or other diagnostic methods; M, multiple types of laryngeal cancer; LSCC,
Laryngeal Squamous Cell Carcinoma; OS, overall survivals PES, progression-free survival; DFS, disease-free survival; RES, recurrence-free survival; CSS, cancer-specific survivals NS, non-laryns cancer survival; LRFS, locoregional recurrence-free survival; M,
multivariate; U, univariate.
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