

[image: Modeling Sarcopenia to Predict Survival for Patients With Nasopharyngeal Carcinoma Receiving Concurrent Chemoradiotherapy]
Modeling Sarcopenia to Predict Survival for Patients With Nasopharyngeal Carcinoma Receiving Concurrent Chemoradiotherapy





ORIGINAL RESEARCH

published: 11 March 2021

doi: 10.3389/fonc.2021.625534

[image: image2]


Modeling Sarcopenia to Predict Survival for Patients With Nasopharyngeal Carcinoma Receiving Concurrent Chemoradiotherapy


Xin Hua 1†, Wang-Zhong Li 2†, Xin Huang 3†, Wen Wen 4†, Han-Ying Huang 4, Zhi-Qing Long 4, Huan-Xin Lin 4*†, Zhong-Yu Yuan 1*† and Ling Guo 2*†


1 Department of Medical Oncology, SunYat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Guangzhou, China, 2 Department of Nasopharyngeal Carcinoma, SunYat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Guangzhou, China, 3 Department of Pancreatobiliary Surgery, SunYat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Guangzhou, China, 4 Department of Radiotherapy, SunYat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, Guangzhou, China




Edited by: 
Remco De Bree, University Medical Center Utrecht, Netherlands

Reviewed by: 
Weiren Luo, The Second Affiliated Hospital of Southern University of Science and Technology, China

Maria Cossu Rocca, European Institute of Oncology (IEO), Italy

*Correspondence: 
Huan-Xin Lin
 linhx@sysucc.org.cn
 Zhong-Yu Yuan
 yuanzhy@sysucc.org.cn
 Ling Guov guoling@sysucc.org.cn


†These have authors contributed equally to this work

Specialty section: 
 This article was submitted to Head and Neck Cancer, a section of the journal Frontiers in Oncology


Received: 04 November 2020

Accepted: 29 January 2021

Published: 11 March 2021

Citation:
Hua X, Li W-Z, Huang X, Wen W, Huang H-Y, Long Z-Q, Lin H-X, Yuan Z-Y and Guo L (2021) Modeling Sarcopenia to Predict Survival for Patients With Nasopharyngeal Carcinoma Receiving Concurrent Chemoradiotherapy. Front. Oncol. 11:625534. doi: 10.3389/fonc.2021.625534




Background

The present study aimed to construct a prognostic nomogram including Epstein-Barr virus DNA (EBV-DNA) and sarcopenia in patients with nasopharyngeal carcinoma (NPC) receiving concurrent chemoradiotherapy (CCRT).



Methods

In this retrospective analysis, we studied 1,045 patients with NPC who had been treated with CCRT between 2010 and 2014. Sarcopenia was determined using routine pre-radiotherapy computed tomography scans of the third cervical vertebrae. A new S-E grade was constructed using a receiver-operating characteristic (ROC) curve analyses determined cutoff values of sarcopenia and plasma EBV-DNA. The nomogram was developed base on the sarcopenia-EBV (S-E) grade and traditional prognostic factors. A calibration curve, time-dependent ROC, decision curve analysis, and the concordance index (C-index) determined the accuracy of prediction and discrimination of the nomogram, and were compared with TNM staging system and a traditional nomogram.



Results

Patient survival was significantly different when sarcopenia (P < 0.001) or EBV-DNA (P = 0.001) were used and they continued to be independent prognostic factors for survival upon univariate (P < 0.001, P = 0.002, respectively) and multivariate (P < 0.001, P = 0.015, respectively) analyses. Predicting overall survival (OS) was more accurate using the S-E grade than using TNM staging and sarcopenia or EBV-DNA alone. Nomogram B (model with sarcopenia) or nomogram A (model without sarcopenia) were then developed based on the identified independent prognostic factors. Comparing nomogram prediction with actual observation showed good agreement among the calibration curves for probability of 1-, 3-, and 5-year OS. Predicted survival (C-index = 0.77) of nomogram B was statistically higher than that of nomogram A (0.676, P = 0.020) and TNM staging (0.604, P < 0.001). Risk group stratification could distinguish between survival curves within respective TNM stages (all stages, P < 0.001; stage III, P < 0.001; stage IV, P = 0.002).



Conclusions

The sarcopenia-EBV DNA nomogram allowed more accurate prediction of prognosis for patients with NPC receiving CCRT.
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Introduction

In south China, nasopharyngeal carcinoma (NPC) is endemic, with marked heterogeneity in geographical distribution, and racial and histopathological profiles (1–3). The primary treatment is radiotherapy; however, for locoregionally advanced NPC, concurrent chemoradiotherapy is the mainstay treatment (4, 5). To predict prognosis and guide treatment, the American Joint Committee on Cancer (AJCC) TNM staging system is used as the benchmark. However, the prognosis of patients with NPC at the same stage is quite different (6). The tumor-node-metastasis (TNM) staging system only grades patients according to the size of their tumor and degree of lymph node involvement, but ignores other important prognostic factors, such clinicopathological features, treatment-related factors, and nutritional status. It is believed that consideration of these factors could significantly optimize individualized prediction of survival (7–9).

Low skeletal muscle mass, termed sarcopenia, often occurs in head and neck cancer (HNC), and is associated with decreased survival in patients with HNC receiving systematic treatment with chemotherapy and radiotherapy (10–13). Sarcopenia can be conveniently determined using computed tomography (CT) simulation scans (14), which is part of the pre-treatment evaluation of radiotherapy. Sarcopenia is believed to be a compelling prognostic factor, and can potentially improve the individualized prediction of survival in HNC (15–17). Epstein-Barr virus DNA (EBV-DNA), is used widely in clinical applications and is believed to be the best complement of the TNM staging system. In patients with NPC, EBV-DNA levels correlate with tumor burden and prognosis (18–21). It is important to note, however, that no effective method has been developed to combine plasma EBV-DNA and sarcopenia to predict prognosis and guide treatment. Therefore, a comprehensive and convenient tool that combines sarcopenia, EBV-DNA, and other risk factors might represent a useful clinical decision-making tool. Therefore, the present study aimed to develop a practical prognostic tool for patients with NPC treated with concurrent chemoradiotherapy (CCRT) by incorporating sarcopenia, EBV-DNA, and known clinicopathological variables.



Patients and Methods


Patients

This retrospective observation study enrolled 806 patients with NPC who underwent CCRT from January 2010 to December 2014 at Sun Yat-sen University Cancer Center (SYSUCC), Guangzhou, China. For all the patients, clinical and histopathological data were obtained. We excluded 239 patients from among the initially enrolled 1,045 patients. The Supplementary Material provides details of the inclusion criteria and exclusion criteria. The 8th AJCC TNM staging manual was used to restage all the patients. The Research Ethics Committee of SYSUCC approved this study, and all the patients provided written informed consent before treatment.



Data Collection and Definitions

The presence of sarcopenia was evaluated using the skeletal muscle index (SMI; the skeletal muscle area (cm2)/square of height (m2) (10). The skeletal muscle area at the third cervical vertebral (C3) level was measured according to a validated method (22, 23) using CT simulation images of RT with Monaco TPS software version 5.1 (Elekta CMS, Maryland Heights, MO, USA). A senior radiotherapy oncologist (LG) provided hand-drawn pictures of the muscle contours which took about 3 to 5 minutes for one patient, the methodology of which is detailed in the Supplementary Materials. In general, the sketching process is relatively simple and convenient. Real-time quantitative polymerase chain reaction was used to measure the plasma EBV-DNA levels (copies/ml) (20), according to the detailed methodology shown in the Supplementary Materials. Primary laboratory data were collected within 7 days of diagnosis, and the patients’ medical records provided the clinicopathological data. The patients’ body mass index (BMI) was calculated (weight (kg)/square of the height in meters (m2)), and patients were classified as obese (BMI ≥ 25) and non-obese (BMI < 25).



CCRT Protocol and Follow-Up

Patients were treated in accordance with the guidelines of our institute (detailed in the Supplementary Materials) (24), and were followed-up at least once every three months (years 1–3) and then every six months until death after treatment. Overall survival (OS) was the primary endpoint, defined as the time from the date of diagnosis to the date of death or last follow-up.



Statistical Analysis

Statistical analyses were conducted using SPSS version 23.0 (IBM Corp., Armonk, NY, USA) and R 3.5.2 (http://www.r-project.org). The optimal cutoff points for the SMI and EBV-DNA were determined using receiver-operating characteristic (ROC) curve analysis with survival status as an endpoint. ROC curve analysis showed that for sarcopenia, the optimal cut-off points were SMI < 22.00 cm2/m2 (men) and < 18.61 cm2/m2 (women); the EBV-DNA optimal cut-off point was 2,895 copies/ml. The risk score for each patient was calculated using nomogram B and the cutoff values were determined using X-tile (https://medicine.yale.edu/lab/rimm/research/software/) by grouping the patients into three subgroups after sorting by total score (score: < 13.21, low risk; 13.21 to 16.42, middle risk; and >16.42, high risk). The Kaplan–Meier method was used to produce the survival curves, which were compared using log-rank tests. Harrell’s concordance index (C-index) and time-dependent receiver operative characteristics (tROC) were used to measure the models’ discriminative ability to predict survival. The predictive accuracy was determined from the area under the curve (AUC) of tROC curves, which plotted sensitivity versus specificity. The Cox proportional hazards model was used to perform univariate and multivariate analysis, with multivariate analysis being performed for variables with P values < 0.20 from the univariate analysis. Nomograms were formulated on the basis of the results of the multivariate analysis. C-index, decision curve analysis (DCA), and the AUC of the tROC analysis were used to measure the nomogram’s performance. The agreement between nomogram-predicted values and ideal observation in the study cohort were compared using calibration curves. The clinical utility of the predictive nomogram was assessed by quantifying the net benefits at different threshold probabilities in a decision curve.




Results


Patient Characteristics

Table 1 presents the characteristics of the 806 patients enrolled in this retrospective study. At diagnosis, the median age was 45 years (range, 18–84 years). The median SMI was 24.47 cm2/m2 (range, 10.96–57.46 cm2/m2) and the median BMI was 23.2 kg/m2 (range, 13.48–33.9 kg/m2). Next, the S-E grade was defined based on the above-mentioned cutoff points as follows: S-E grade 1: Patients with an elevated SMI (non-sarcopenia) and decreased EBV-DNA; S-E grade 2: Patients with elevated or reduced scores for either of the two factors; S-E grade 3: Patients with elevated EBV-DNA and decreased SMI (sarcopenia).


Table 1 | Patient demographics and clinical characteristics.





Survival Analysis of Sarcopenia, S-E grade, and EBV-DNA

Patient survival was significantly different when sarcopenia (P < 0.001, Figure 1A) or EBV-DNA (P = 0.001, Figure 1B) were used, as demonstrated by Kaplan–Meier analysis. The median survival time was 51.8 (interquartile range (IQR): 42.8–61.5) months for patients with grade 1 S-E, which was higher than that of patients with S-E grade 2 (49.8 months, IQR: 35.0–59.0) and S-E grade 3 (41.3 months, IQR: 31.7–53.0). For OS, patients with S-E grade 1 showed longer survival compared with patients with S-E grade 2 or S-E grade 3 (P < 0.001, Figure 1C). We also analyzed the prognostic relationship between S-E in relapse free survival (RFS) (P = 0.240, Supplementary Figure S2A) and distant metastasis free survival (DMFS) (P < 0.001, Supplementary Figure S2B). Table 1 shows the univariate and multivariate analysis results for OS. T stage (P = 0.010), N stage (P = 0.003), sarcopenia (P < 0.001), and EBV-DNA (P = 0.002) were identified as prognostic factors in patients with NPC using univariate analysis. All four variables remained independent prognostic factors for survival upon multivariate analyses (P = 0.027, P = 0.005, P = 0.015, P < 0.001, respectively; Table 2).




Figure 1 | Kaplan–Meier survival curves for overall survival (OS). EBV-DNA = Epstein-Barr virus DNA; S-E grade = sarcopenia EBV-DNA grade. Kaplan–Meier curves for: (A) OS by sarcopenia; (B) OS by EBV-DNA; (C) OS by S-E grade. Survival curves were calculated using the Kaplan–Meier method and compared using the log-rank test.




Table 2 | Univariate and multivariate analysis of overall survival.





Prognostic Accuracy Comparisons Among TNM Stage, S-E Grade, EBV-DNA, and Sarcopenia

The C-index values for S-E grade, TNM stage, sarcopenia, and EBV-DNA were 0.663 (95% CI, 0.594–0.732), 0.604 (95% CI, 0.544–0.664), 0.623 (95% CI, 0.558–0.688), and 0.600 (95% CI, 0.535–0.665), respectively (Supplementary Table S1). S-E grade demonstrated significantly increased prognostic accuracy compared with the TNM stage (P < 0.001). For 1-, 3-, and 5-year survival, similar findings were obtained from the results of time-dependent ROC analysis. S-E grade had the largest AUC among the four methods (Figure 2), which indicated that the S-E grade was better at predicting outcomes than TNM staging and sarcopenia or EBV-DNA alone.




Figure 2 | Comparing predictive ability by time-dependent receiver-operating characteristic curve (tROC) analysis. EBV-DNA = Epstein-Barr virus DNA; S-E grade = sarcopenia EBV-DNA grade; AUC = area under the receiver-operating characteristic curve. (A–C) Time-dependent ROC analysis for 1-, 3-, and 5-year OS, the x-axis represents the sensitivity value (true positive rate), and the y-axis represents the 1-specificity (false positive rate). The larger AUC implies that patients can obtain the maximum prediction using this model.





Developing Nomograms With or Without S-E Grade

The majority of centers do not apply sarcopenia routinely; therefore, we constructed a traditional nomogram A (model 1) according to Tang et al. (20) and a new nomogram B (model 2) based on the S-E grade. The results of the analysis of significant prognostic factors for OS are shown in Table 3. For model 1, N stage, EBV-DNA and T stage were identified as independent prognostic factors using multivariate Cox-analysis. For model 2, the same analysis identified N stage, histology, T stage, and S-E grade as independent prognostic factors.


Table 3 | Univariate and multivariate analyses of overall survival in model 1 and model 2.



Nomogram A was constructed using histology, EBV-DNA, N stage, and T stage to predict 1-, 3-, 5- year OS (considering that P = 0.062 is very close to significance) in model 1 without S-E grade (Figure 3). In Figures 4A–C, the y-axes represent the observed survival as assessed using Kaplan–Meier analysis, the x-axes represent the predicted survival derived using the nomogram, and the solid lines are the ideal reference line along which actual survival corresponds with predicted survival. Using the calibration plot, we demonstrated that the probability of 1-, 3-, 5- year OS post-treatment indicated optimal agreement between the predicted and actual values from nomogram A. Model 2 comprised new nomogram B (with S-E grade) combined with the risk factors used in model 1 (Figure 3). Similarly, optimal agreement was demonstrated between the actual and predicted values for nomogram B using the calibration plots (Figures 4A–C).




Figure 3 | Nomograms to predict 1-, 3- and 5-year overall survival (OS). EBV-DNA = Epstein-Barr virus DNA; S-E grade = sarcopenia EBV-DNA grade. (A) Nomogram A, including histology, T stage, N stage, and EBV-DNA levels, for 1-, 3- and 5-year OS. The nomogram allows the user to obtain the probability of 1-, 3- and 5-year OS corresponding to a patient’s combination of covariates. As an example, locate the patient’s T stage and draw a line straight upward to the “Points” axis to determine the score associated with that T stage. Repeat the process for each variable, and sum the scores achieved for each covariate, and locate this sum on the “Total Points” axis. Draw a line straight down to determine the likelihood of 1-, 3- and 5-year OS; (B) Nomogram B, including histology, T stage, N stage, and S-E grade, for 1-, 3- and 5-year overall survival (OS). The nomogram allows the user to obtain the probability of 1-, 3- and 5-year OS corresponding to a patient’s combination of covariates.






Figure 4 | Calibration curves, decision curves, and time-dependent receiver-operating characteristic curves (tROC) to predict 1-, 3- and 5-year overall survival (OS). OS = overall survival; AUC = area under the receiver-operating characteristic curve. (A–C) Calibration curves for 1-, 3- and 5-year OS. Actual OS is plotted on the y-axis; nomogram-predicted probability of OS is plotted on the x-axis. The diagonal dotted line represents a perfect prediction by an ideal model. The colored solid line represents the performance of the nomogram, of which a closer fit to the diagonal dotted line represents a better prediction. (D–F) Decision curves for 1-, 3- and 5-year OS, the x-axis represents the threshold value, and the y-axis represents the net benefit rate after the advantages minus the disadvantages. Under the same threshold probability, a larger net benefit implies that patients can obtain the maximum benefit using the diagnosis of this model. (G–I) Time-dependent receiver-operating characteristic curves for 1-, 3- and 5-year OS, the x-axis represents the sensitivity value (true positive rate), and the y-axis represents the 1-specificity (false positive rate). A larger AUC implies that patients can obtain the maximum prediction using this model.





Comparing the Accuracy of Prediction Between Nomogram A and Nomogram B

We compared the power of prediction for survival among nomogram A, nomogram B, and conventional stage systems. The C-index of nomogram A was 0.676 (95% CI, 0.603–0.750), which was higher than that of the current staging system (0.604; 95% CI, 0.544–0.664, P = 0.006). The C-index of nomogram B was 0.717 (95% CI, 0.643–0.791), which was higher than those of nomogram A and the current staging system (0.676 (95% CI, 0.603–0.750, P = 0.020) and 0.604 (95% CI, 0.544–0.664, P < 0.001), respectively) (Supplementary Table S1). As shown in Figures 4C, D, the results of DCA and tROC demonstrated that the application of the nomogram B provided a better prediction effect than nomogram A. Thus, the nomograms with or without S-E grade showed better accuracy to predict survival than the current staging system, and suggested that the nomogram developed with the S-E grade was more useful in clinical decision-making.



Performance of the Nomogram in Patient Risk Stratification

The risk score for each patient was calculated using nomogram B and the patients were sorted by total score (score: < 13.21, low risk; 13.21 to 16.42, middle risk; and >16.42, high risk). After applying the cutoff values, the patents could be stratified into different risk subgroups, which permitted survival outcomes within different TNM stages to be distinguished using Kaplan–Meier curves (all stages, P < 0.001; stage III, P < 0.001; stage IV, P = 0.002, Figure 5). For stage II patients (n = 204), 109 patients were in the low risk group, while only five patients were in the middle risk group. Considering the small number of patients in the middle risk group, survival analysis was not performed.




Figure 5 | Risk group stratification within each TNM stage. (A) All patients; (B) stage III; (C) stage IV. Survival curves were calculated using the Kaplan–Meier method and compared using the log-rank test.






Discussion

We developed a new model, based on our constructed parameter, called the S-E grade, which combines sarcopenia and EBV-DNA levels, to predict OS in patients with NPC. The predictive power of S-E grade was compared with that of the traditional TNM staging system. The results showed that the S-E grade predicted OS more accurately than TNM staging. The new developed nomogram B, which incorporated the S-E grade, N stage, T stage, and histology, demonstrated increased predictive accuracy compared with that of the traditional nomogram A, which included EBV-DNA, histology, N stage, and T stage, and the current TNM staging system. The conventional staging system is associated with several controversies: The current staging system only takes into account the anatomical extent of the disease, and does not comprehensively account for the biological heterogeneity of patients with NPC, nor does its consider other risk factors. Thus, for patients with NPC, such issues might affect the accuracy of prediction of conventional systems. Interestingly, our results showed that the C-indices and AUC of our constructed S-E grade were higher compared with those of the current staging system, and the C-indices of both nomogram B and nomogram A were correspondingly higher than those of current staging system; thus, the method addressed the concerns mentioned above.

In recent years, sarcopenia has been demonstrated as a good marker for prognosis of various cancers (25, 26). Many studies have shown that for patients with HNC receiving definitive (chemo)radiotherapy, sarcopenia is an independent prognostic factor for worse survival outcome (13). Huang et al. found that patients often experience different levels of muscle loss during CCRT, and severe skeletal muscle loss could shorten OS in NPC (12). Moreover, some researchers found that the presence of sarcopenia was not associated with survival (27), possibly because they determined sarcopenia according to the third lumbar vertebral level, which not be as accurate as that determined using the C3 level. Our previous article found that sarcopenia was a promising indicator for predicting clinical outcomes in patients with NPC receiving CCRT (28). Currently, there are no studies that include sarcopenia into the prognosis system of NPC, so we sought to determine whether the prediction accuracy could be improved if we included sarcopenia as a factor. Therefore, in this study, we mainly explored the feasibility of including sarcopenia into the NPC prognosis model, and compared it with the accepted model, finding that adding sarcopenia can indeed improve the prediction effect. Also, plasma EBV-DNA levels are a good biomarker in the clinical management of NPC, and since the beginning of the 21st century, the EBV-DNA level has been considered the most useful biomarker for patients with NPC (29). Many studies have demonstrated that using cutoff values of 1,500 copies/ml and 4,000 copies/ml, EBV-DNA levels allow good prognostic stratification (30–32). However, sarcopenia and EBV-DNA content cannot be effectively incorporated into the TNM staging system. Interestingly, in the present study, we constructed novel S-E grade, and developed the corresponding nomogram, which incorporated sarcopenia and the EBV-DNA level into the TNM staging system, resulting in superior predictive accuracy of the nomogram compared with that of the conventional TNM staging system, thus making the EBV-DNA level and sarcopenia more clinically applicable.

Most studies have used routine clinical diagnostic CT scans to determine the skeletal muscle mass of the third lumbar vertebral segment. Unfortunately, abdominal CT scans, including third lumbar vertebral, are not routinely used for NPC. Therefore, the lack of widely available diagnostic tools to determine sarcopenia might lead to a lack of adequate research on NPC. Therefore, the majority of centers do not apply sarcopenia routinely and measurement methods are not standardized globally. The traditional nomogram A (without sarcopenia) was developed according to the classic research of Tang et al. (20). Compared with the current staging system, our developed nomogram also showed greater accuracy of prediction. Our data suggested that nomogram A remains useful for centers that do not assess sarcopenia in clinical practice. However, our newly developed nomogram B (with sarcopenia) showed the best predictive accuracy compared with traditional nomogram A and the current staging system. Our data showed that the repeatability and reliability of the established nomogram were supported by the good agreement between the predicted and actual observations in the calibration plots. Adding sarcopenia to nomogram B produced an added value of 0.041 (P = 0.020) over nomogram A. More importantly, the stratification of patients into three risk groups in the same TNM stage using the total score from nomogram B, allowed patients to be separated into groups with distinct survival outcomes. However, for patients with stage II diease, the differentiation was poor. This might have been caused by the relatively early stage of patients with stage II diease, and that the relatively high intensity of CCRT treatment results in a very good prognosis (33). In addition, for patients with stage II disease (n = 204), 109 patients were in the low risk group, while only 5 patients were in the middle risk group. This small number of cases in the middle risk group might lead to inaccurate data analysis; therefore, we are planning to further explore this in a larger sample size of patients with stage II disease.

As far as we know, this nomogram is the first to incorporate sarcopenia and EBV-DNA content to predict the survival of patients with NPC receiving CCRT. Both clinicians and patients could achieve a prediction of individual survival post-treatment via this simple scoring system. Choice of treatment and care options might be improved if subgroups of patients with different risks of poor survival could be identified. There is controversy surrounding the selection of patients who need intensive follow-up or additional therapy, and the developed scoring system might aid clinicians to resolve such issues. This nomogram could also provide data for patient stratification when designing clinical studies, allowing more balanced study arms to be designed. The developed nomogram is believed to be a more precise prognostic model than TNM staging and other previously used prognostic models.

There are some limitations in our study. First, we established the nomogram using data obtained only from one center based in an endemic area, thus the determination of sarcopenia still needs to be globally standardized and further external validation is needed. Second, this study only assessed non-metastatic NPC in patients treated with CCRT; as such, our conclusions were based on the particular characteristics of these patients. Third, more research is required to validate the cutoff value established in this study.



Conclusion

The present study constructed and validated a nomogram to predict the survival of patients with NPC patients receiving CCRT. Using this model, clinicians will be able to estimate more precisely the survival of individual patients post-CCRT and identify patient subgroups that require a specific treatment strategy.
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