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Background

Naples prognostic score (NPS) serves as a new prognostic index based on nutritional and inflammatory status in recent years. The aim of the current study was to explore the prognostic effect of NPS and to develop and validate a reliable nomogram based on NPS for individual cancer-specific survival (CSS) prediction in patients with resected ESCC without neoadjuvant therapy.



Methods

The clinical data for 287 (Jan. 2010 to Jun. 2012, Training sets) and 118 (Jan. 2015 to Dec 2015, Validation sets) consecutive resected ESCC cases were retrospectively analyzed. Two NPS models based on the different cut-off values of parameters were compared. Cut-off values in model 1 were derived from previous published studies, while cut-off values in model 2 were obtained in this study based on receiver operating characteristic (ROC) curves. The relationships between NPS and clinical characteristics and CSS were analyzed. The prediction model of nomogram was developed with independent prognostic factors in the training sets and was validated in the validation sets.



Results

The 5-year CSS for NPS 0, 1 and 2 were 61.9%, 34.6% and 13.4% in model 1 and 75.0%, 42.4% and 13.0% in model 2, respectively (P<0.001). Subgroup analyses revealed that NPS was also significantly associated with CSS in both model 1 and model 2 in different TNM stages. Multivariate analyses revealed that NPS was an independent prognostic marker regarding CSS in patients with resected ESCC (P<0.001). A predictive nomogram based on NPS was established and validated. The C-indexes of the nomogram in the training sets and validation sets were 0.68 and 0.72 in model 1 and 0.69 and 0.73 in model 2, respectively. These results confirmed that NPS-based nomogram was a more accurate and effective tool for predicting CSS in patients with resected ESCC.



Conclusion

The current study confirmed that NPS was still a useful independent prognostic score in patients with resected ESCC. The NPS-based nomogram was successfully developed and validated, which may contribute to individual CSS prediction for resected ESCC patients.
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Introduction

Esophageal cancer (EC) is a common malignant tumor worldwide (1). EC is the 5th of incidence (18.85/100 000) and the 4th of mortality (14.11/100 000) in China (2). The two main types of EC are adenocarcinoma (AC) and squamous cell carcinoma (SCC), of which esophageal SCC (ESCC) accounts for more than 90% in China (3, 4). Although the exact reason of EC is unclear, it is thought to be the result of a combination of various factors, such as diet and lifestyle, demographic factors, environmental and genetic factors. Although the treatment is improved in recent years with the progress of science and technology, the prognosis in patients with EC is still poor. Therefore, the investigation of prognostic factors prior to treatment for patients with EC is more essential.

There is increasing evidence that inflammation and nutrition are associated with tumor prognosis. Studies published in recent years revealed that a range of inflammation-related or nutrition-related indicators, such as c-reactive protein (CRP), controlling nutritional status (CONUT), systemic inflammation score (SIS), platelet to lymphocyte ratio (PLR), neutrophil to lymphocyte ratio (NLR), prognostic nutritional index (PNI), albumin (ALB), Glasgow prognostic score (GPS) and lymphocyte to monocyte ratio (LMR), are associated with tumor prognosis (5–10). However, these inflammation-related and/or nutrition-related indicators mentioned above are to some extent deficient, and the results are still controversial. Therefore, an increasing number of comprehensive prognostic models, including inflammation-related and nutrition-related indicators, are urgently needed.

Naples Prognostic Score (NPS), a novel prognostic index combined with nutritional and inflammatory biomarkers, is recently proposed to predict the survival in patients with resected colorectal cancer (CRC) (11). The study including 562 patients with resected CRC revealed that the NPS, based on a composite score of ALB, LMR, total cholesterol (TC) and NLR, was a useful significant index for overall survival (OS) and disease-free survival (DFS). The result between NPS and OS was also confirmed in another study including 259 patients with metastatic CRC receiving first-line chemotherapy (12). According to the analyses with time-dependent receiver operating characteristic (ROC) curves, moreover, the study revealed that NPS was more sensitive than other conventional prognostic scores for OS prediction in patients with metastatic CRC. Since then, NPS has been further reported in patients with resected endometrial cancer, gastric cancer, early-stage lung cancer, osteosarcoma, and resected pancreatic cancer (13–17).

The prognostic effect of NPS in EC remains unclear. To the best of our knowledge, only one study including 165 ESCC patients with neoadjuvant therapy has concluded the associations between NPS and prognosis (18). However, the recent published study focused on patients with neoadjuvant therapy in small sample. It is well known that neoadjuvant therapy may affect the hematological indicators. Moreover, a reliable nomogram based on NPS for predicting survival in patients with resected ESCC was scarce. Therefore, the aim of this study was to determine the prognostic effect of NPS in patients with resected ESCC without neoadjuvant therapy. In addition, whether or not the NPS provides a better prognostic value than other conventional prognostic scores (GPS, CONUT, SIS and PNI) was also analyzed. Moreover, the prognostic effect of NPS in resected ESCC was verified by using a validation set. Finally, a predictive NPS-based nomogram with other clinical factors was established and validated in resected ESCC patients without neoadjuvant therapy.



Methods


Patient Selection

Between January 2010 and June 2012, 287 consecutive ESCC patients with radical resection in our department (Zhejiang Cancer Hospital) were retrospectively analyzed (Training set). To verify the prognostic significance of NPS and nomogram, a validation set of 118 patients with resected ESCC in our hospital from January 2015 to December 2015 was also analyzed. The present study was consistent with the declaration of Helsinki and was approved by the ethics committee of Zhejiang Cancer Hospital (No.2018-130). Patients according to the following inclusion criteria were recruited in this study: (1) patients were pathologically diagnosed with ESCC, (2) patients in stage TNM I-III with radical resection were conducted, (3) patients received no preoperative treatments, (4) patients were included without any other tumors or distant metastases, and (5) detailed clinical data were obtained within a week before surgery, including preoperative laboratory results.



Treatment and Follow-Up

In the current study, McKeown or Ivor Lewis procedure with two-field lymphadenectomy was the main surgical resection for patients with ESCC (19, 20). McKeown and Ivor Lewis are commonly used procedures of esophagectomy for surgeons because they can make adequate lymph nodes dissection. According to the poor prognostic factors, cancer metastasis or recurrence, in the current study, the adjuvant radiotherapy (45-50.4 Gy) and/or chemotherapy (based on fluoropyrimidine and cisplatin) were conducted after operation. In our hospital, patients were generally followed up every 3 months in the first two years, every 6 months for the next three years, and once a year after five years. The follow-up results were obtained from our medical records. The last follow-up for training sets and validation sets were completed in March 2018 and April 2021, respectively.



Data Analysis

According to the medical records, the main clinical data were collected and analyzed. The laboratory results were obtained within one week before operation, such as lymphocyte count, neutrophil count, monocytes count, ALB, CRP and TC. The NLR and LMR were defined as the ratio of neutrophil count to lymphocyte count and lymphocyte count to monocyte count, respectively. The NPS was composed of the following four serum indicators (ALB, TC, NLR and LMR) according to the previous study (11–18). ESCC has its own characteristics, and patients with ESCC are mostly malnourished, so the above hematological indicators may be different from other cancers. In order to better understand the application of NPS, therefore, two models (model 1 and model 2) were used to verify the prognostic value of NPS in resected ESCC. In model 1, the cut-off points for variables of ALB, TC, NLR and LMR were derived from previous published studies. In model 2, the cut-off values of above parameters in NPS were obtained in the current study based on ROC curves. Then the NPS was calculated into 3 groups (NPS 0, 1 and 2, respectively). The definitions of GPS, PNI, SIS and CONUT were according to the previous studies (7–10). The patients diagnosed with ESCC based on the 7th AJCC/UICC TNM staging system (21).



Statistical Analysis

All statistical analyses in the current study were performed by using SPSS 20.0 (SPSS Inc., Chicago, IL, USA) and Medcalc 17.6 (MedCalc Software bvba, Ostend, Belgium). The chi-squared tests or Fisher’s exact test were used to evaluate the correlations grouped by NPS. The ROC curves were used to identify the sensibility and specificity of ALB, TC, NLR and LMR. The ROC curves were also performed to explore the predictive accuracy of NPS, ALB, TC, NLR and LMR. Cut-off values in model 1 for variables of ALB, TC, NLR and LMR were derived from previous published studies. In model 2, the optimal cut-off values for above variables in NPS were selected by ROC curves. The areas under the curve (AUC) for NPS (model 1 and model 2) and its components of ALB, TC, NLR and LMR, as well as other conventional prognostic scores (GPS, SIS, CONUT and PNI) were calculated and compared. The association between CSS and prognostic factors (univariate and multivariate) was analyzed by the Cox regression analyses and Kaplan-Meier methods. Hazard ratios (HRs) with 95% confidence intervals (CIs) were also calculated according to the Cox regression analyses. The predictive nomogram was established based on independent prognostic factors in the training set in multivariate analyses and was validated in the validation set by using R 3.6.0 software (22). Calibrations of the nomogram for survival prediction with 1-, 3-, and 5-year CSS were executed by comparing the training sets and validation sets. P-values less than 0.05 were considered to be statistically significant.




Results


Patient Characteristics

The baseline characteristics of the training sets and validation sets were shown in Table 1. In the training sets, there were 250 males and 37 females with the mean age of 59.0 ± 7.8 years (range: 36-78 years). There were 84 (29.3%) patients in TNM I stage, 94 (32.8%) patients in TNM II stage and 109 (37.9%) patients in TNM III stage, respectively. Adjuvant treatment was administered to 82 patients (28.6%). In the validation sets, there were 91 males and 27 females with the mean age of 60.2 ± 7.9 years (range: 41-78 years). There were more female patients in validation sets (22.9% vs. 12.9%, P=0.012).


Table 1 | Baseline characteristics of ESCC patients in the training and validation sets.





Laboratory Results Analysis in the Training Sets

The scatter diagrams regarding NLR, LMR, ALB and TC were shown in Figure 1. The mean values for NLR, LMR, ALB and TC were 3.0 ± 1.25, 4.5 ± 1.74, 4.1 ± 0.5 mg/dL and 180.0 ± 40.6 mg/dL, respectively. The correlation diagrams regarding NLR, LMR, ALB and TC were shown in Figure 2. The results revealed that NLR was negatively correlated with LMR (r=-0.12, P=0.041), TC (r=-0.13, P=0.026) and ALB (r=-0.15, P=0.011), and the differences were statistically significant. In addition, positive correlations were found between LMR and ALB (r=0.16, P=0.007), TC and ALB (r=0.12, P=0.038), respectively. However, no correlations were found between TC and LMR (r=0.12, P=0.052).




Figure 1 | Scatter diagrams regarding NLR (A), LMR (B), TC (C) and ALB (D). The mean values for NLR, LMR, ALB and TC were 3.0 ± 1.25, 4.5 ± 1.74, 4.1 ± 0.5 mg/dL and 180.0 ± 40.6 mg/dL, respectively.






Figure 2 | Correlation diagrams of NLR, LMR, ALB and TC. Negative correlations between NLR and LMR (r=-0.12, P=0.041, A), NLR and ALB (r=-0.15, P=0.011, B), NLR and TC (r=-0.13, P=0.026, C), respectively. Positive correlations between LMR and ALB (r=0.16, P=0.007, D), TC and ALB (r=0.12, P=0.038, E), respectively. No correlations between LMR and TC (r=0.12, P=0.052, F).





NPS Analysis in the Training Sets

According to the previous published studies, the cut-off points for serum ALB, TC, NLR and LMR were 4.0 mg/dL, 180 mg/dL, 2.96 and 4.44, respectively. According to the ROC curves in the current study, the optimal cut-off points for serum ALB, TC, NLR and LMR were 4.2 mg/dL, 202 mg/dL, 2.97 and 4.40, respectively (Figure 3A). In order to better understand the application of NPS, therefore, two models (model 1 and model 2) were used to verify the prognostic value of NPS in resected ESCC. The definition of NPS based on serum ALB, NLR, TC and LMR was shown in Table 2. The NPS was calculated into 3 groups (NPS 0, 1 and 2, respectively). The sensibilities and specificities of serum ALB, TC, NLR and LMR were identified by ROC curves (Table 3). The baseline characteristics grouped by NPS in both model 1 and model 2 were shown in Table 4.




Figure 3 | ROC analyses regarding cut-off values and AUC comparison. The optimal cut-off points for serum ALB, TC, NLR and LMR according to the ROC curves (A). The optimal cut-off points for serum ALB, TC, NLR and LMR were 4.2 mg/dL, 202 mg/dL, 2.97 and 4.40, respectively. AUC comparisons between NPS and variables of ALB, TC, NLR and LMR in model 1 (B) and model 2 (C). AUC comparisons between NPS and other conventional prognostic scores of GPS, SIS, CONUT and PNI (D).




Table 2 | Calculation of Naples prognostic score (NPS).




Table 3 | Comparison of sensibility and specificity for the variables of NPS in ESCC.




Table 4 | Comparison of AUC areas between NPS and other markers in ESCC.





ROC Analysis Regarding AUC Comparison in the Training Sets

The ROC curves regarding categorical variables for NPS and its components of ALB, TC, NLR and LMR, as well as other conventional prognostic scores (GPS, SIS, CONUT and PNI) were shown in Figures 3B–D. Compared with its components (ALB, TC, NLR and LMR) and other conventional prognostic scores (GPS, SIS, CONUT and PNI), NPS had the largest AUC (both in model 1 and model 2) according to the ROC curves (Table 5). Although the AUC of NPS in model 2 (0.734) was greater than that of NPS in model 1 (0.712), there was no statistical difference between model 1 and model 2.


Table 5 | Comparison of baseline characteristics of ESCC patients based on NPS in training sets.





CSS Analysis in the Training Sets

The 5-year CSS for NPS 0, 1 and 2 were 61.9%, 34.6% and 13.4% in model 1 (Figure 4A) and 75.0%, 42.4% and 13.0% in model 2 (Figure 4E), respectively (P<0.001). To better understand the prognostic significance of NPS in different TNM stages, subgroup analyses in model 1 (Figures 4B–D) and model 2 (Figures 4F–H) were also performed. In both model 1 and model 2, significant correlations between NPS and CSS were shown in different TNM stages.




Figure 4 | CSS analyses. Kaplan-Meier for CSS grouped by NPS in model 1 (A) and model 2 (E). CSS analyses for NPS in subgroup analyses based on TNM stage in model 1 [TNM I: P=0.027, (B) TNM II: P=0.002, (C) TNM III: P=0.008, (D)] and model 2 [TNM I: P<0.001, (F) TNM II: P=0.006, (G) TNM III: P=0.002, (H)], respectively.





Cox Analyses With Univariate and Multivariate Analyses in the Training Sets

Univariate analyses were used to explore the significantly clinical variables associated with CSS (Table 6). Significant prognostic variables then were recruited in multivariate analyses. The results revealed that NPS, TNM and CRP were independent prognostic markers regarding CSS. Compared with NPS 0, patients in NPS 1 or 2 had worse 5-year CSS in model 1 (NPS 1 vs. NPS 0: HR=1.978, 95% CI: 1.250-3.130, P=0.004; NPS 2 vs. NPS 0: HR=2.903, 95% CI: 1.803-4.675, P<0.001) and model 2 (NPS 1 vs. NPS 0: HR=3.072, 95% CI: 1.480-6.380, P=0.003; NPS 2 vs. NPS 0: HR=5.239, 95% CI: 2.536-10.825, P<0.001), respectively (Table 7).


Table 6 | Univariate Cox analyses of CSS in training sets.





Table 7 | Multivariate analyses regarding CSS in patients with ESCC.





Nomogram Development and Validation

Based on the analyses of prognostic factors in multivariate analyses, three variables (NPS, TNM and CRP) were selected to develop a nomogram for predicting 1-, 3- and 5-year CSS in resected ESCC patients. The predictive nomogram based on NPS in model 1 and model 2 was established in Figure 5. The C-indexes of the nomograms in the training sets and validation sets were 0.68 and 0.72 in model 1 and 0.69 and 0.73 in model 2, respectively. Regarding the individual 1-, 3- and 5-year CSS prediction, the calibration curves presented an acceptable agreement between the training sets and validation sets (Figure 6). The results in the present study confirmed the NPS-based nomogram as a more accurate and effective tool for survival prediction with 1-, 3- and 5-year CSS in patients with resected ESCC.




Figure 5 | Nomogram analyses. Nomogram including NPS, TNM and CRP for predicting the 1-, 3- and 5-year CSS in patients with resected ESCC in model 1 (A) and model 2 (B).






Figure 6 | Calibration curves of the nomogram. Calibration curves presented an acceptable agreement between the training sets and validation sets. Calibration curves for CSS for 1-year, 3-year and 5-year survival nomogram calibration curves in training set (A–C) and validation sets (D–F) in model 1. Calibration curves for CSS for 1-year, 3-year and 5-year survival nomogram calibration curves in training set (G–I) and validation sets (J–L) in model 2.






Discussion

The present study confirmed the prognostic effect of the NPS, and its prognostic effect was significantly greater than other conventional prognostic scores. Compared with patients in NPS 0 group, the present study also revealed that patients in group NPS 1-2 had worse CSS. Multivariate analyses revealed that NPS, TNM stage and CRP were independent prognostic markers regarding CSS. Moreover, we firstly established and validated a new prognostic nomogram based on NPS and other independent prognostic factors. The results revealed that the NPS-based nomogram was a more accurate and effective tool for survival prediction with 1-, 3- and 5-year CSS in patients with resected ESCC.

The NPS, combined with serum TC, ALB, NLR and LMR, was initially reported by Galizia et al. in 2017 in patients undergoing surgery with CRC (11). The study including 562 patients with resected CRC revealed that the NPS was an independent significant predictor of OS and DFS. The NPS was also confirmed in another study including 259 patients with metastatic CRC receiving first-line systemic chemotherapy (12). Moreover, the results revealed that NPS was more sensitive than other conventional prognostic scores for OS prediction in patients with metastatic CRC according to the time-dependent ROC analysis. Since then, NPS has been further reported in patients with various cancers (13–17). We summarized published articles regarding the association between NPS and prognosis in cancers (Table 8).


Table 8 | Comparison of NPS in published studies.



It is well known that the components of NPS (TC, ALB, NLR and LMR) are common clinical biomarkers in daily clinical practice. The prognostic effect of NPS in EC remains unclear. Recently, Kano et al. (18) analyzed the associations between NPS and prognosis in locally advanced ESCC with neoadjuvant therapy followed by surgery. There were some differences between the Kano’s study and the current study. Firstly, the Kano’s study focused on patients with neoadjuvant therapy while the patients in the present study were recruited without any neoadjuvant therapy. Secondly, the samples in the current study were larger than that of the Kano’s study, and the results in the current study were established in the training sets and validated in the validation sets, respectively. Thirdly, the Kano’s study did not add other conventional prognostic scores in univariate and multivariate analyses. Although the NPS had the largest AUC according to ROC curves, the prognostic significance of NPS as an independent prognostic factor in univariate and multivariate analyses should be regard with caution. Fourthly, ESCC has its own characteristics, and patients with ESCC are mostly malnourished, so the above hematological indicators may be different from other cancers. In the current study, therefore, the cut-off values of parameters in NPS based on previous studies and current study were compared. Last but not least, a predictive nomogram based on NPS and other clinical factors was established and validated in the current study for survival prediction in resected ESCC patients without neoadjuvant therapy. Therefore, we performed this study to explore the prognostic effect of NPS and develop a nomogram based on NPS for survival prediction with 1-, 3- and 5-year CSS in resected ESCC patients without neoadjuvant therapy. Results from our research provided new insights regarding prognostic significance of NPS in the field of resected ESCC.

There is increasing evidence that inflammation and nutrition are associated with tumor prognosis. Studies published in recent years reported that a range of inflammation-related and/or nutrition-related indicators, such as CONUT, SIS, GPS and PNI, are associated with tumor prognosis (7–10). Compared with SIS, CONUT and PNI, NPS was considered to be the highest scoring system for grouping patients with the same OS and DFS survival rate (11). Yang et al. (15) also compared the predictive results among different independent prognostic factors through the time-dependent ROC analyses. The results demonstrated that NPS obtained the highest AUC. The above conventional prognostic scores were still controversial in patients with EC. In the current study, compared with its components (ALB, TC, NLR and LMR) and other conventional prognostic scores (GPS, SIS, CONUT and PNI), NPS had the largest AUC (both in model 1 and model 2) according to the ROC curves. GPS, SIS, CONUT and PNI were also included in our study for Cox multivariate analyses. Compared with NPS, however, the results revealed that these conventional prognostic scores were not independent significant prognostic factors.

Recently, more and more studies have revealed that nomogram based on nutritional and inflammatory status can better predict prognosis of various cancers (23–25). The nomogram can incorporate multiple factors into the prediction and consider the weight of each variable, making predictive nomogram more accurate and practical. Nomogram can also develop risk stratification and help clinicians to perform suitable treatments and survival predictions. In the current study, all three variables included in the nomogram could be obtained easily, which facilitates the application of this nomogram in clinical practice. Therefore, clinicians could use this nomogram to predict 1-, 3- and 5- year CSS rates of resected ESCC patients.

Previous published study by Galizia et al. (11) reported that NPS may have important clinical implications. They believed that improvement of inflammation and malnutrition can improve patient prognosis and prevent postoperative complications. The prognostic effect of NPS was also suitable in the present study in the clinical practice in resected ESCC patients without neoadjuvant therapy. Compared with patients in NPS 0 group, the present study revealed that patients in group NPS 1-2 had worse CSS. If patients with status of NPS 2-3, therefore, it is suggested to improve the status of inflammation and/or malnutrition before radical resection, or to conduct adjuvant therapy after surgery.

Some limitations should be mentioned in this study. Firstly, this was a retrospective study in a single-center. Secondly, the levels of serum markers such as ALB, NLR, LMR and TC may be influenced by various conditions, the applications of NPS based on these variables should be regarded with caution. Thirdly, patients treated without any preoperative therapy in the present study, which may have influenced results. Finally, the training sets and validation sets were from the same center, which may affect the generalizability of the findings in this study. Despite these limitations, the NPS-based nomogram in the present study was still an accurate and effective tool to perform survival prediction (CSS) in resected ESCC patients.



Conclusion

In summary, the present study determined the relationships between NPS and CSS in resected ESCC patients without neoadjuvant therapy. The results indicated that NPS is still a useful prognostic score in resected ESCC patients. A new prognostic predictive model based on NPS was successfully developed and validated, which may contribute to 1-, 3- and 5-year survival prediction for resected ESCC patients.
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