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Background

Using the current tumor lymph node metastasis (TNM) staging system to make treatment decisions and predict survival in patients with nasopharyngeal carcinoma (NPC) lacks sufficient accuracy. Patients at the same stage often have different survival prognoses.



Methods

In the current study 802 NPC patients who underwent concurrent radiotherapy and chemotherapy from January 2010 to December 2014 at Sun Yat-sen University Cancer Center in China were retrospectively assessed. The optimal cut-off points for skeletal muscle index (SMI) and monocyte-to-lymphocyte ratio (MLR) were determined via receiver operating characteristic curves. SMI-MLR (S-M) grade and a nomogram were developed and used as clinical indicators in NPC patients. The consistency index (C-index) and a calibration curve were used to measure the accuracy and discriminative capacity of prediction.



Results

The predictive performance of S-M grade was better than that of TNM staging (C-index 0.639, range 0.578–0.701 vs. 0.605, range 0.545–0.665; p = 0.037). In multivariate analysis S-M grade, T stage, and N stage were independent prognostic factors. These three factors were then combined, yielding a nomogram with a C-index of 0.71 (range 0.64–0.77), indicating good predictive capacity.



Conclusion

We developed and validated a prognostic parameter, S-M grade, which increased prediction accuracy significantly and can be combined with TNM staging to predict survival in patients with NPC undergoing concurrent chemoradiotherapy.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common malignant tumor in southern China. It differs greatly by ethnicity and geographic distribution, and exhibits diverse histopathology (1–3). At the time of initial diagnosis more than 70% of NPC patients are locally advanced (4). Radiotherapy and chemotherapy based on the tumor lymph node metastasis (TNM) staging system are currently recognized as the main treatment methods for locally advanced NPC (5, 6). Unfortunately, patients with NPCs of the same stage often have different prognoses (7).

To provide the optimal treatment to the patient at the right time, precision medicine has been emphasized for the treatment of disease based on individual differences. Though the TNM staging system is the most widely used to predict prognosis and guide treatment, it only grades patients based on the degree of lymph node involvement and the size of the tumor, and ignores other important prognostic factors such as nutritional features, treatment-related factors, and inflammation status. It has been proposed that individual prediction of survival could be optimized by taking these factors into account (8–10).

Sarcopenia is evidently an informative prognostic factor that can affect treatment efficacy and survival in patients with head and neck cancer (11–13). Studies indicate that sarcopenia evaluated via the skeletal muscle index (SMI) may also be related to responses to concurrent chemoradiotherapy (CCRT), and its toxicity (14, 15). The monocyte-to-lymphocyte ratio (MLR) in the blood is negatively correlated with overall survival in NPC patients (16), and it may be a useful addition to TNM staging in the prognostic assessment of NPC patients (17). Notably however, there is no report of the combined use of these indicators to construct a model to predict prognoses in NPC patients undergoing CCRT. To facilitate more informed clinical decision-making, a comprehensive and convenient tool combining SMI, MLR, and TNM stage could be developed.

The aim of the present study was to construct a practical tool combining SMI, MLR, and TNM stage to assess the prognosis of patients with NPC undergoing CCRT.



Methods


Patients

A total of 802 NPC patients who had undergone CCRT from January 2010 to December 2014 at Sun Yat-sen University Cancer Center, Guangzhou, China, were retrospectively enrolled in the study. Data including age, sex, histological type, monocyte count, lymphocyte count, TNM stage, Epstein‑Barr virus DNA test results, and skeletal muscle index were analyzed. The inclusion criteria were (a) confirmed non-metastatic NPC, (b) serological testing and radiographic examination prior to treatment, and (c) cisplatin 100 mg/m2 every 3 weeks and CCRT with radical intensity-modulated radiotherapy conducted in accordance with the guidelines of our institute (18). The study was approved by the Research Ethics Committee of Sun Yat-sen University Cancer Center (approval number GZR2017-224). All patients provided written informed consent for the treatment, and agreed to cooperate with follow-up requirements.



Data Collection and Definitions

The SMI was used to evaluate the presence of sarcopenia, and was calculated as the patient’s skeletal muscle area (cm2) divided by their height squared (m2). The method described in Hua et al. (19) was used to measure skeletal muscle area at the third cervical vertebrae level. Routine clinicopathological data were collected within 1 week of treatment, and the monocyte count divided by the lymphocyte count was used as the MLR. The optimal cutoff points for SMI and MLR were determined via receiver operating characteristic (ROC) curves. The patients were randomly divided into a training set of 561 and a validation set of 241 to construct a nomogram.



CCRT Treatment and Follow-Up

The patients received 100 mg/m2 cisplatin every 3 weeks concurrently with radical intensity‑modulated radiotherapy administered in accordance with the guidelines of our institute (18). Three months after CCRT, nasopharyngoscopic examination and magnetic resonance imaging were performed in accordance with RECIST 1.1 standards to assess treatment responses (20). The patients were followed up via outpatient examinations or telephone interviews. Overall survival (OS) was defined as the time from the date of diagnosis to the date of death or the date of the last follow-up.



Statistical Analysis

Statistical analyses were conducted using SPSS version 23.0 (IBM Corp., Armonk, New York, USA), GraphPad Prism version 6.0 software (GraphPad, La Jolla, California, USA), and R software version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria). ROC curve analyses were used to determine optimal cutoff points for the SMI and MLR. Survival curves were calculated using the Kaplan–Meier method and compared using the log-rank test. Univariate and multivariate analyses were performed using a Cox proportional hazards model, and the multivariate model included variables with p values < 0.20 in the univariate analysis. p <0.05 was deemed to indicate that the Cox proportional hazards regression assumption was violated. A nomogram for the combined model including S-M grade, N stage, and T stage was generated. A calibration curve was used for self‑verification of the nomogram. Two-tailed p values < 0.05 were considered statistically significant.




Results


Definitions and Baseline Co-Variates

ROC curves indicated that the optimal cut-off points for sarcopenia were SMI < 21.99 cm2/m2 (male) and < 18.60 cm2/m2 (female), and the optimal cut-off point for MLR was 0.22. Based on these cut‑offs, S-M grades were defined as follows: Grade 1, non-sarcopenia + low MLR; grade 2, non‑sarcopenia + high MLR/sarcopenia + low MLR; grade 3, sarcopenia + high MLR. The characteristics of the 802 patients retrospectively enrolled in the study are shown in Table 1. Their median age at diagnosis was 45 years (range 18–84 years), their median SMI was 24.52 cm2/m2 (range 10.96–57.46 cm2/m2), and their median MLR was 0.21 (range 0.01–2.39).


Table 1 | Patient demographics and clinical characteristics.





Comparisons of S-M Grade and TNM Stage

In Kaplan–Meier survival analysis, survival differed depending on whether sarcopenia (p < 0.001, Figure 1A) or MLR (p = 0.100, Figure 1B) was used. Patients with S-M grade 1 had higher OS than patients with S-M grades 2 or 3 (p < 0.001, Figure 1C). The patient’s survival rate was significantly different with the TNM stage (p = 0.0018, Supplementary Figure 4). The respective C-indexes for S-M grade, TNM stage, SMI, and MLR were 0.639 (0.578–0.701), 0.605 (0.545–0.665), 0.622 (0.557–0.687), and 0.554 (0.489–0.619) (Table 2). Using S-M grade resulted in significantly more accurate prognostic prediction than using TNM stage (p = 0.037). In time-dependent ROC analyses for survival at 1, 3, and 5 years, S-M grade and TNM stage yielded similar results. The area under the curve values at 1, 3, and 5 years were higher for S-M grade than for TNM stage (Figures 1D–F). S-M grade predicted OS outcomes more accurately than TNM stage, but there was no significant difference between the two with respect to disease-free survival or relapse-free survival (Supplementary Figure 1).




Figure 1 | Kaplan–Meier survival curves and receiver operating characteristic curve analysis. Kaplan–Meier curves for overall survival by (A) skeletal muscle index, (B) monocyte-to-lymphocyte ratio, and (C) combined skeletal muscle index and monocyte-lymphocyte ratio (S-M) grade. (D–F) Capacities of S-M grade and TNM stage to predict overall survival for 1, 3, and 5 years. S-M grade, combined skeletal muscle index and monocyte-lymphocyte ratio.




Table 2 | The C-index of S-M grade, TNM stage, SMI, and MLR for prediction of overall survival.





Univariate and Multivariate Analyses

The estimated hazard ratio for each prognostic factor is only valid if the underlying proportional hazards regression hypothesis is true. The Schoenfeld residuals over time were drawn proportionally for each prognostic factor included in the multivariate analysis (Supplementary Figure 2). The six variables—age, historical type, T stage, N stage, Epstein-Barr virus DNA test results, and S-M grade—were not statistically significant, indicating that the proportional hazards regression hypothesis was true over time. The results of univariate and multivariate analyses of prognostic indicators of OS are shown in Table 3. In univariate analysis T stage, N stage, Epstein-Barr virus DNA titer, and S-M grade were significantly correlated with OS (p < 0.05). In multivariate analyses including variables with p values < 0.20 in the univariate analysis, T stage, N stage, and S-M grade were independent prognostic factors.


Table 3 | Univariate and multivariate analyses of overall survival.





Constructing a Combined Nomogram

A nomogram was generated using a random sample of 70% of the cases (n = 561) as a training set, and the remaining 30% of cases (n = 241) were used to verify the model. The nomogram included S‑M grade, N stage, and T stage and was used to predict 1, 3, and 5-year OS (Figure 2). The C‑indexes of the nomogram were 0.74 (0.67–0.82) in the training set and 0.68 (0.52–0.84) in the validation set. In the graphs shown in Figure 3 the x-axes represent nomogram-calculated predicted survival, the y-axes represent Kaplan–Meier-estimated observed survival, and the solid lines represent the ideal reference line for which actual survival and predicted survival correspond. The calibration plot for the probability of post-treatment 1, 3, and 5-year OS indicated optimal agreement between the prediction by the nomogram and actual observation for the nomogram. Compared with TNM staging determined by a time-dependent ROC curve, the area under the ROC curve of the nomogram was always higher (Supplementary Figure 3). The comprehensive predictive capacity of the nomogram was better than that of TNM.




Figure 2 | Nomogram to predict 1-, 3-, and 5-year overall survival generated using the training set.






Figure 3 | Calibration curves to predict 1-, 3-, and 5-year overall survival in the training set and the validation set. (A–C) Calibration curves for 1-, 3-, and 5-year overall survival in the training set. (D–F) Calibration curves for 1-, 3-, and 5-year overall survival in the validation set.






Discussion

The American Joint Committee on Cancer TNM staging system is used as the benchmark to predict prognosis and guide treatment in NPC, but it is somewhat controversial (21). For example, it is only based on the anatomical extent of the disease and does not completely account for the biological heterogeneity of patients with NPC. In addition, the system does not incorporate other risk factors. In patients with NPC, predictive accuracy could be affected by these issues.

Low SMI, termed sarcopenia, often occurs in head and neck cancer and is associated with reduced survival in patients with NPC. SMI can be conveniently determined using computed tomography simulation scans, which are part of pre-treatment evaluation prior to radiotherapy. MLR is also used widely in clinical applications, and it is believed that its utilization in conjunction with the TNM staging system can be useful. The combination of TNM staging, SMI, and MLR may substantially improve individualized predictions of survival, but to date no effective method has been developed to combine MLR and SMI to predict prognosis and guide treatment.

In the past, the SMI and MLR have been reported as single factors in NPC. A previous study indicated that the composition of human tissues such as visceral adipose tissues was related to patient prognoses and immune responses (22). Skeletal muscle loss in NPC patients during radiotherapy and chemotherapy may shorten a patient’s OS (23). In a meta-analysis it was concluded that sarcopenia before treatment had a significant negative effect in patients with head and neck tumors (24). In another meta-analysis low MLR predicted significantly more favorable OS (25). Although the correlation between MLR and prognosis was not statistically significant in the current study, low MLR was associated with better OS, which is consistent with the aforementioned studies. Notably however, hitherto the combination of SMI and MLR for NPC has not been reported. Combining the two indicators can better guide treatment and prognosis.

In the present study, a new model was developed based on a constructed parameter termed the S-M grade, which reflects the SMI and MLR combined, and it was used to predict OS in patients with NPC undergoing CCRT. The capacity of S-M grade to predict OS was compared with that of the TNM staging system, and was found to be more accurate. S-M grade was an independent prognostic factor. A new nomogram was developed that incorporates N stage, T stage, and S-M grade, and it exhibited greater predictive accuracy than the conventional TNM staging system. The C-index and area under the curve values of S-M grade were higher than those of the current staging system, as was the C‑index of the novel nomogram, indicating that the above-described concerns were addressed by the new method.

According to reports, CCRT improves the prognosis of stage II-IV NPC patients, and the 5-year OS rate of patients in different centers and stages ranges from 68% to 94.5% (26–28). In our center, the 1-year, 3-year, and 5-year OS rates of TNM were 98.1% ± 0.98%, 94.4% ± 1.57%, and 91.1% ± 2.35%, respectively. The 5-year OS rate of TNM stage II, stage III, and stage IV were 98.1% ± 2.55%, 91.5% ± 2.74%, and 84.2% ± 6.66%, respectively. The OS rate of our patients was relatively high, which may be due to early treatment and compliance, daily care, and rehabilitation in our center.

In addition, many models were currently being explored and tried to be combined with TNM to improve the performance of patient prognosis prediction. Zhu et al. (28) combined the nomogram of age, T stage, N stage, peripheral neutrophil–lymphocyte ratio, and lactic dehydrogenase to improve the predictive performance, but the number of patients was small. Zheng et al. (29) study prognostic nomograms based on 9 biomarkers, but these indicators were not routinely measured before treatment, so they are not suitable for wide application. Xiang et al. (9) established a new prognostic model based on C-reactive protein and N classification to predict the rate of distant metastasis without validation. Xie et al. (30) developed a nomogram based on the UICC 2002 TNM staging system to predict the prognosis of NPC patients undergoing IMRT with or without chemotherapy. However, there were only 44 patients with concurrent radiotherapy and chemotherapy in the verification cohort, which resulted in a prognostic bias.

The new and easy-to-use scoring system described herein can be utilized by clinicians to perform post-treatment individualized survival prediction. Treatment and care options could be tailored to fit subgroups of patients with different risks of poor survival identified via the new method. There is controversy surrounding the identification of patients who require intensive follow-up or additional therapy, and this could be resolved using our novel scoring system. Moreover, the tool developed could produce information that was useful for patient stratification when designing clinical studies, which may result in better equivalence between study arms.

The current study had several limitations. It only included Chinese patients at a single Cancer Center, and most of them resided in southern China. Thus, the prediction model is not applicable to all people. Another limitation was the retrospective nature of the study, which may have resulted in a degree of selection bias. It was worth noting that the training cohort and the validation cohort came from a unified medical record, and their baseline level was uniform, which maked the two cohorts comparable to the baseline. Lastly, the number of NPC patients in the study was comparatively small. To solve these problems a randomized controlled trial with a larger sample size is required, to improve the model and optimize it for clinical practice. In the future we may conduct a randomized, controlled, multi-center, international collaborative trial in an effort to achieve in-depth verification of the stability and practicability of the model.

Our model did not include another potentially valuable prognostic factor (EBV DNA). This is a limitation that should be considered. Many studies have confirmed that plasma EBV DNA is an important prognostic marker (31). However, the study of Zeng et al. (32) showed that there was no significant difference in the C index of models with or without EBV-DNA in the validation set (p = 0.09). Moreover, most centers cannot routinely perform EBV DNA testing, so many patients do not have relevant data. Quantitative plasma EBV DNA testing has not been standardized globally, and the results of different laboratories have produced huge differences in copy number. Standardization of EBV DNA serological testing is needed to make the results comparable in different research studies.

In conclusion, in the present study we developed and validated a prognostic model for predicting survival in NPC patients undergoing CCRT that was more precise than the TNM staging system. S-M grade, which was an independent predictor of survival in multivariate analyses, increased prediction accuracy significantly and can be combined with TNM staging to predict survival in patients with NPC.
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Supplementary Figure 1 | Kaplan–Meier curves for disease-free survival (A) and relapse-free survival (B). DFS, disease-free survival; RFS, relapse-free survival.

Supplementary Figure 2 | A scaled Schoenfeld residual plot for age (A), histological type (B), T stage (C), N stage (D), Epstein-Barr virus DNA (E), and combined skeletal muscle index and monocyte-lymphocyte ratio grade (F). PH, proportional hazard.

Supplementary Figure 3 | Comparison of the capacities of the nomogram and tumor lymph node metastasis (TNM) stage by time-dependent receiver operating characteristic curve to predict overall survival. The red line represents the nomogram, and the black line represents the TNM stage. The dashed line is the 95% confidence interval.

Supplementary Figure 4 | Kaplan–Meier curves for overall survival by TNM.
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