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Abstract
BACKGROUND
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67]Nomograms for prognosis prediction in colorectal cancer patients are few, and prognostic indicators differ with age. 

AIM
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70]To construct a new nomogram survival prediction tool for middle-aged and elderly patients with stage III rectal adenocarcinoma.

METHODS
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]A total of 2773 eligible patients were divided into the training cohort (70%) and the validation cohort (30%). Optimal cutoff values were calculated using the X-tile software for continuous variables. Univariate and multivariate Cox proportional hazards regression analyses were used to determine overall survival (OS) and cancer-specific survival (CSS)-related prognostic factors. Two nomograms were successfully constructed. The discriminant and predictive ability and clinical usefulness of the model were also assessed by multiple methods of analysis.

RESULTS
[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK7][bookmark: OLE_LINK9]The 95%CI in the training group was 0.719 (0.690-0.749) and 0.733 (0.702-0.74), while that in the validation group was 0.739 (0.696-0.782) and 0.750 (0.701-0.800) for the OS and CSS nomogram prediction models, respectively. In the validation group, the AUC of the three-year survival rate was 0.762 and 0.770, while the AUC of the five-year survival rate was 0.722 and 0.744 for the OS and CSS nomograms, respectively. The nomogram distinguishes all-cause mortality from cancer-specific mortality in patients with different risk grades. The time-dependent AUC and decision curve analysis showed that the nomogram had good clinical predictive ability and decision efficacy and was significantly better than the tumor-node-metastases staging system. 

CONCLUSION
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78]The survival prediction model constructed in this study is helpful in evaluating the prognosis of patients and can aid physicians in clinical diagnosis and treatment.

[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Key Words: Rectal adenocarcinoma; Lymph node positive rate; Nomogram; Prognostic model; Predictive model; Survival time

[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Liu H, Li Y, Qu YD, Zhao JJ, Zheng ZW, Jiao XL, Zhang J. Construction of a clinical survival prognostic model for middle-aged and elderly patients with stage III rectal adenocarcinoma. World J Clin Cases 2020; In press
	
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK63][bookmark: OLE_LINK64]Core Tip: This investigation was based on a large-scale population study of middle-aged and elderly patients with stage III rectal adenocarcinoma. In this study, we analyzed the clinical data of thousands of patients with stage III rectal adenocarcinoma aged 45 years or older and determined the relevant prognostic factors and the degree of impact. New cutoff values were identified and used to construct nomograms. The nomograms showed excellent clinical predictive ability and decision power. The nomograms constructed in this study have clinical utility.


INTRODUCTION
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Colorectal cancer (CRC) is the second most common malignant tumor worldwide, and its incidence is increasing[1]. Rectal adenocarcinoma is a common type of rectal cancer[2]. Seventy percent of patients with rectal cancer have no evidence of distant metastasis at the time of diagnosis[3]. Middle-aged and elderly patients are often susceptible to rectal adenocarcinoma, and stage III rectal adenocarcinoma is the most prevalent type in this population[4]. Therefore, providing this population with the tools necessary for prognosis can help physicians make correct clinical decisions regarding relevant treatment, benefiting physicians and patients.
A statistical model based on the Cox proportional hazards model for individualized prediction analysis of clinical events, can comprehensively include multiple prognostic indicators to construct a survival prediction model and visualize the risk of prognostic factors and outcomes. A nomogram is an effective tool for visual assessment and quantifies individual risk by using important prognostic factors. In the diagnosis and treatment of a variety of cancers, nomograms currently show good predictive performance, such as for pancreatic cancer[5] and liver cancer[6]. Nomograms can improve the accuracy of survival prediction and provide physicians with more accurate diagnosis and treatment.
In previous studies related to clinical survival, the sample sizes were small, and the evaluations were incomplete. Simultaneously, changes and advances in medical technology also affect the prognosis of patients. However, it is still necessary to study the survival prognostic factors in middle-aged and elderly patients with stage III rectal adenocarcinoma. Presently, there are few prognostic models for the population. The nomogram helps to assess the clinical risks and benefits for the patient and assists the physician in making clinical decisions[7]. Therefore, we assessed the five-year overall survival (OS) and cancer-specific survival (CSS) of these patients. We also constructed a nomogram based on multiple prognostic indicators to predict survival.

METHODS AND MATERIALS
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84]Collection of patient data
Data were obtained from the Surveillance, Epidemiology, and End Results Program (SEER) database (https://seer.cancer.gov/data/). The data used in this study have been licensed from the SEER database (accession number: 12285-Nov2019). This study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University (ethical approval number: QYFY WZLL 25780) The SEER database has a large clinical multicenter data sample that provides baseline patient data and a variety of clinical indicators. This provided a strong basis for us to analyze the prognostic survival factors of rectal cancer patients from various aspects and construct nomogram models[8].
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK10][bookmark: OLE_LINK11]The inclusion criteria were: (1) patients registered during 2010-2015; (2) surgical treatment; (3) the pathological diagnosis was rectal adenocarcinoma; (4) clinical stage III disease and (5) relevant follow-up data were complete. The exclusion criteria were: (1) pathological diagnosis and grading were unclear; (2) ethnicity unknown; (3) unknown tumor-node-metastases (TNM) stage; (4) carcinoembryonic antigen (CEA), tumor engraftment (TD), perineural invasion (PNI), and circumferential resection margin (CRM) data were unknown; (5) tumor size was unknown; and (6) the number of positive lymph nodes (pLN), number of examined lymph nodes (DLNs), and lymph node-positive rate (LNR) were unknown. 
We collected the following demographic information: patient age, ethnicity, and sex. We also collected the following clinical information: year of diagnosis, tumor location, CEA, TD, CRM, PNI, histological grade, clinical stage, tumor size, pLN, DLNs, LNR, metastasis status, histopathological type (malignant behavior based on International Classification of Diseases for Oncology, 3rd Edition), survival time, survival status, and cause of death. Clinical staging was based on the American Joint Committee on Cancer (AJCC) 8th edition staging system. The highest CEA value in the preoperative tests was considered for evaluation. 
The clinical data of 260833 patients were obtained from the SEER database. After exclusion, 2773 eligible patients were enrolled in the study (Figure 1). Eligible patients were randomly divided into the training and validation cohorts at 70% and 30%, respectively, using R software. The training cohort was used to construct a nomogram for the clinical survival prediction model, and the validation cohort was used for internal validation. 

Study endpoints 
OS and CSS were study endpoints. At the same time, survival outcomes at three and five years were assessed. According to the C-index, receiver operating characteristic (ROC) curve, and calibration curve, the effectiveness, accuracy, and predictive ability of the nomogram were evaluated. The Kaplan-Meier curves were used to assess the discriminatory ability of the nomograms for patients with different risk grades. The area under the curve (AUC) of the time-dependent curve and decision curve helped us to judge the predictive performance and clinical application of the model. OS was defined as the time from the first day of last follow-up or diagnosis to death[9]. CSS was defined as the time from diagnosis to death due to rectal adenocarcinoma and last follow-up[10].

Statistical analysis 
Based on the relationship between the predictor and survival outcome, X-tile software creates the optimal segmentation point for this variable and helps visualize the image[11]. Statistical analysis was performed using SPSS software (SPSS 24.0, Chicago, IL, United States) and R software (R software, version 4.0). R packages “rms,” “foreign,” and “caret” were used for randomization, while "rms," "foreign," and "survival" were used to perform Cox regression analysis, calculate risk score and C-index, and draw the calibration curve, decision curve and survival curve of the prediction model. The R packages “regplot” and “timeROC” were used to draw the nomogram plot, the ROC and the time-dependent AUC, respectively. All statistical tests were two-way. 

Nomogram construction and performance evaluation 
Optimal cutoff values for OS were assessed using the X-tile software for the continuous variables including age, tumor size, pLN, DLNs, and LNR. 
Frequency and percentage were used to evaluate the baseline data of the patients in both groups. Differences between the two groups were analyzed using the chi-square test. Univariate vs multivariate Cox analysis was used to screen for independent prognostic factors, which were then used to construct the nomograms. Hazard ratios (HR) and 95%CI were also calculated. The predictive ability of the model was assessed by C-index and AUC. The similarity between the predicted and actual results was compared by a calibration curve. P values < 0.05 were considered significant.

Verification of nomogram discrimination 
The "prediction" function of the R software was used to calculate a risk score for each patient. The optimal cutoff value for the risk score in the training cohort was clarified by the X-tile software. Through the optimal cutoff value, patients were divided into three groups: high risk group, medium risk group, and low risk group. The log-rank test was used to assess survival differences between patients with different degrees of risk and to plot survival curves based on risk scores.

Evaluation of predictive efficacy of the nomogram
The AUC values of the prediction model at different time points can be visualized by time-dependent AUC[12]. The predictive ability of TNM stage was compared with the nomogram using this method.

Clinical efficacy evaluation of the nomogram 
Clinical utility and net benefit were assessed by decision curve analysis[13]. The clinical efficacy of the nomogram was tested and compared with the TNM stage using the decision curve.

RESULTS
[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Baseline patient characteristics 
The differences in baseline patient characteristics between the two groups are shown in Table 1 and Supplementary Figure 1. The randomization was satisfactory. In the univariate OS analysis, except for race, gender, and tumor location, other factors were significant. In the univariate CSS analysis, except for race, sex, tumor location, and DLNs, other factors were significant (Table 2). The variables with significant differences were included in the multivariate analysis, which showed that there were significant differences in age, stage, CEA, CRM, TD, PNI, LNR, and tumor size in OS and CSS (Table 3). 

Construction of nomogram models 
Factors with minor effects were excluded based on the results of Cox regression analysis. We used age, stage, tumor size, CEA, TD, CRM, PNI, and LNR as predictor variables of OS and CSS. Two nomogram models for survival prediction were constructed and calibration curves were plotted for the validation cohort (Figure 2). From the calibration curve, we can see that the predicted results are very similar to the actual results. The 3- and 5-year OS/CSS probabilities of the target population were predicted by calculating the total score of the predictors in the nomogram (Supplementary Table 1). 

Prediction ability and clinical usefulness of the prediction models
The 95%CI of the OS and CSS prediction models for the training cohort were 0.719 (0.690-0.749) and 0.733 (0.702-0.746), respectively. The 95%CI of the OS and CSS prediction models for the validation cohort was 0.739 (0.696-0.782) and 0.750 (0.701-0.800), respectively. In the validation group, the AUC of the three-year survival rate was 0.762 and 0.770, and the AUC of the five-year survival rate was 0.722 and 0.744 for the OS and CSS nomograms, respectively. The prediction model showed excellent predictive ability (Figure 3A and B). 
Time-dependent AUCs are not only useful for evaluating the predictive ability of nomograms, but they can also be compared with the predictive abilities of different clinical stages. Using this curve, we found that the AUC values of the predictive models for OS and CSS were higher than the TNM stage between 0 and 60 mo. We can consider the predictive power of this model to be superior to TNM stage (Figure 3C and D). 

Predictive model patient discrimination validation 
The optimal OS risk score cutoffs were 1.0 and 2.7. The optimal CSS risk score cutoffs were 1.0 and 2.8. The study population was divided into three risk groups according to the size of the cut-off value: high, medium, and low, and the corresponding survival curves were plotted. The survival curve showed that there was a significant survival difference between the training cohort and the validation cohort among the three groups (Figure 4). Therefore, the OS prediction model was found to successfully distinguish low, medium, and high all-cause mortality, and the CSS prediction model was found to successfully distinguish low, medium, and high cancer-specific mortality in patients.

Clinical efficacy evaluation of the nomogram 
Decision curves were constructed for the OS and CSS nomogram validation cohorts (Figure 5) with threshold probabilities of < 71% and < 72% at 3 years, respectively. With a threshold probability of < 89% and < 82% at 5 years, the OS and CSS nomograms showed a net benefit over the "all treatment" and "no treatment" strategies, respectively. Therefore, the proposed nomogram aids in good clinical decision-making ability. Comparing the nomogram with TNM staging, we can see that its use in clinical decision efficacy is significantly better than that using TNM staging. 

DISCUSSION
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90]In this study, the prognostic factors of OS and CSS in the study population were found by analyzing the relevant clinical data, and two nomogram prediction models were constructed. The original intention of the clinical prediction models was to predict the status and prognosis of a disease with readily available practical predictors[14]. We constructed new nomograms that aid in effectively judging the prognosis of patients using more comprehensive and practical clinical indicators in this study. 
In this study, the OS and CSS nomogram prediction models were successfully constructed. The model shows the extent to which different predictors affect the study population and provides an accurate score. In previous studies by Brenner et al[15] and Fu et al[16], age was a significant prognostic factor, similar to the results of this study. However, we found that race and sex were not significant prognostic factors in this group. 
Among the clinical features, previous studies have shown that the stage, grade, and size of the tumor are prognostic factors in patients with rectal cancer[17,18]. In this study population, clinical stage and tumor size were known prognostic factors for OS and CSS. However, grade was not a significant prognostic factor in the current study. Massarweh et al[19] showed that CRM is an important prognostic factor for rectal adenocarcinoma and that high CEA levels indicate a poor prognosis, similar to our study results. TD refers specifically to a solitary tumor nodule present within the lymphatic drainage area of the primary tumor. Most TD originate from angiolymphatic invasion, in which there are no identifiable lymph nodes, blood vessels, or neural structures[20]. Wang et al[21] concluded that TD did not influence the clinical prognostic impact, unlike in our study and that by Liu et al[22] wherein TD was a significant prognostic factor. PNI is an important factor in the prognosis of rectal cancer, and the prognosis of node-negative patients with PNI-positive tumors is significantly lower than that of node-positive patients[23]. We also obtained similar results. In the abovementioned studies on prognostic factors of CRC, the common indicators CEA, TD, CRM, and PNI have clinical utility and are the key to determining prognostic factors of the disease. The nomogram showed that poor prognostic factors were as follows: high preoperative CEA levels, positive TD, positive PNI, and positive CRM. These key predictors have gradually become standard reporting practice in clinicopathological reports, and our nomograms show the important predictive ability and scoring proportion of these indicators. 
Lymph node dissection is a crucial step in surgery, and the completeness and number of dissections often affect the prognosis of cancer patients[24,25]. Lymph node status is a key factor used to predict the prognosis of cancer patients and guide postoperative treatment[26]. The higher the pLN, the greater the chance of recurrence, metastasis, and poor prognosis[27]. More DLNs are helpful to clarify the pathological stage of CRC[28,29]. Although DLNs and pLNs influence treatment outcome with survival outcome in patients with rectal adenocarcinoma, DLNs and pLNs were not prognostic factors in our study population. However, we found that LNR played an important role in the prognosis of this group of patients. Although the N-staging system of the 8th edition of the AJCC is the most widely used lymph node staging method, the accuracy of this system remains controversial[30]. Some scholars have proposed that LNR can be used as a prognostic factor in patients with rectal cancer and, thus, constructed a new staging system[31]. LNR synthesizes the effects of DLNs and pLN and avoids the drawbacks of insufficient DLNs. This has a more practical guiding significance in clinical application. We found that LNR was an important factor affecting the independent prognosis of surgical patients in this study population. The LNR-based staging method is promising as a new staging or adjuvant staging method for the AJCC staging system, which can more accurately predict the prognosis of patients with stage III rectal cancer presenting with postoperative recurrence, thus providing an important basis for further treatment and planning of postoperative management. We derived an LNR cutoff of 0.05 and 0.43, but the optimal cutoff still needs further confirmation and consensus. 
By comprehensively analyzing the effect of predictors on the prognosis of the study population, nomograms based on clinically practical prognostic factors were constructed to assess the three- and five-year CSS and OS of patients. This predictive model has shown excellent predictive ability with clinical decision-making ability, as validated in a number of ways. Moreover, this nomogram was superior to TNM staging in survival prediction. These findings still need further validation in clinical practice.
In this study, we evaluated the prognostic impact of multiple factors on the study population due to the large sample size and long overall follow-up time of patients in multiple centers. Through validation, the constructed model may have good application value and evaluation advantages in clinical practice. First, the prediction model constructed in this study is based on the results of a large sample study of the target population. Second, the data used to construct the prediction model for this study are clinically easy to obtain and have good clinical utility. Third, we found that the optimal cutoff values for some factors differed from previous studies. Instead of using a common cutoff, we need to find relevant cutoff values for different target populations for clinical application.
The study has some limitations. First, the study was retrospective in nature and there was an inherent selection bias due to the strict inclusion and exclusion criteria used. Second, the included patients were treated by different surgeons, which may have an impact due to the different experience and level of surgeons as well as pathologists. Third, data on some novel predictors were not recorded, such as tumor sprouting and molecular changes. Fourth, the current database information does not contain the latest clinical data of patients diagnosed with rectal adenocarcinoma, and other databases are needed to further validate the findings of this paper. Finally, some indicators, including nutritional status, detailed chemoradiotherapy information, and complications, were not recorded in the database. 

CONCLUSION
[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93]We constructed three-year and five-year CSS and OS nomogram models for middle-aged and elderly patients with stage III rectal adenocarcinoma. Both prediction models demonstrated excellent clinical decision-making ability and survival prediction ability. The results indicate that LNR is more important for the prognosis of the target population than pLN and DLNs. This nomogram can be used for individualized survival prediction in the target population. It is a convenient tool for general practitioners and surgeons as it can help in more accurate evaluation of the patient’s status.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK96]Patients with colorectal cancer have fewer nomograms for prognosis prediction, and prognostic indicators change with age. Middle-aged and elderly people frequently develop rectal adenocarcinoma, and clinical patients are mainly stage III patients.

Research motivation
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Providing a prognostically essential tool for the target population can help physicians make correct clinical decisions regarding related treatments and benefit physicians and patients.

Research objectives
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101]To construct a prognostic nomogram for in the target population, a prognostic tool that can predict OS and CSS in this population. This prognostic tool should have good predictive power and clinical utility.

Research methods
[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105]First, patients in the Surveillance, Epidemiology, and End Results Program database were screened according to the inclusion and exclusion criteria; second, the prognostic factors of OS and CSS in the target population were determined by univariate analysis and multivariate analysis; third, a predictor-based clinical survival prediction model was constructed; and fourth, the predictive power and clinical efficacy of the nomogram were verified.

Research results
[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108]The 95%CI was 0.719 (0.690-0.749) and 0.733 (0.702-0.74) in the OS and CSS nomogram prediction model training groups, respectively, compared with 0.739 (0.696-0.782) and 0.750 (0.701-0.800) in the validation group. In the validation, the area under the receiver operating characteristic curve (AUC) for the OS and CSS nomograms for the three-year survival rate was 0.762 and 0.770, respectively, while the AUC for the five-year survival rate was 0.722 and 0.744, respectively. Predictive models can distinguish all-cause mortality from cancer-specific mortality in patients with different risk grades. Time-dependent AUC and decision curve analysis showed that the nomogram had excellent clinical prediction and decision-making capabilities, significantly better than the tumor-node-metastases staging system.

Research conclusions
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Lymph node-positive rate is more important for the prognosis of the target population than the number of positive lymph nodes and number of examined lymph nodes. The nomogram survival prediction model we constructed is helpful in assessing the clinical prognosis of this population and providing guidance for the optimization of clinical treatment plans.

Research perspectives
[bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113]The nomograms constructed can be used for individualized survival prediction in the target population. It is a convenient tool for general practitioners and surgeons as it can help to evaluate the patient's status more accurately and provide help for the relevant treatment of the target population in clinical practice.
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Figure Legends
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[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Figure 1 Flow diagram. From the 260882 patients with rectal cancer in the Surveillance, Epidemiology, and End Results Program database, a total of 2773 eligible patients were screened. TNM: Tumor-node-metastases; CEA: Carcinoembryonic antigen; TD: Tumor engraftment; CRM: Circumferential resection margin; PNI: Perineural invasion.
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[bookmark: OLE_LINK121][bookmark: OLE_LINK122]Figure 2 Overall survival nomogram, cancer-specific survival nomogram and verification cohorts calibration curve. The total score obtained by summing the individual scores of the predictors was used to predict the 3- and 5-year survival rates of the patients. The calibration curve showed a high degree of agreement between the predicted and actual values of the overall survival (OS) nomogram and the cancer-specific survival (CSS) nomogram. A: OS nomogram and calibration curve B: CSS nomogram and calibration curve. (Example: 70-year-old male patient with rectal adenocarcinoma, tumor size 80 mm, circumferential resection margin (-), tumor engraftment (-), carcinoembryonic antigen (-), perineural invasion (-), clinical stage IIIC, LNR: 0.18. The red indicator line in the figure represents the score of patients: OS total score 153, 3-year OS: 0.619, 5-year OS: 0.736; CSS total score 220, 3-year CSS: 0.744, 5-year CSS: 0.625). CEA: Carcinoembryonic antigen; TD: Tumor engraftment; CRM: Circumferential resection margin; PNI: Perineural invasion; LDR: Low-dose-rate.
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Figure 3 Receiver operating characteristic and time-dependent area under the curve. Receiver operating characteristic (ROC) values for the validation cohort are shown in the figure. Area under the curve (AUC) values of the nomogram vs tumor-node-metastases (TNM) stage based on temporal changes are shown. In the training and validation cohorts, the AUC of the nomogram was higher than that of TNM stage. A: Validation cohort overall survival (OS), 3-year survival ROC of cancer-specific survival (CSS) (OS AUC: 0.762; CSS AUC: 0.770); B: Validation cohort OS, 5-year survival ROC of CSS (OS AUC: 0.722; CSS AUC: 0.744); C: Time-dependent AUC curve of OS between the training cohort and validation cohort (nomogram and TNM stage); D: Time-dependent AUC curve of CSS between the training cohort and validation cohort (nomogram and TNM stage). ROC: Receiver operating characteristic; AUC: Area under the curve; OS: Overall survival; CCS: Cancer-specific survival; TNM: Tumor-node-metastases.
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[bookmark: OLE_LINK123][bookmark: OLE_LINK124]Figure 4 Kaplan-Meier survival curves for low-, medium-, and high-risk groups based on risk scores. The optimal overall survival (OS) risk score cutoffs were 1 and 2.7. Cancer-specific survival (CSS) risk score cutoffs were 1 and 2.8. Significant differences in OS and CSS were observed between low-risk, intermediate-risk, and high-risk patients in the training and validation cohorts. A: OS risk score cutoff value; B: CSS risk score cutoff value; C: Risk-stratified survival curve for OS in the training cohort; D: Risk-stratified survival curve for OS in the validation cohort; E: Risk-stratified survival curve for CSS in the training cohort; F: Risk-stratified survival curve for CSS in the validation cohort.
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Figure 5 Decision curve analysis. Plot net benefit vs threshold probability. The net benefit was calculated by subtracting the proportion of all false-positive patients from the proportion of true positives, weighing the relative harm of abandoning treatment against the adverse consequences of unnecessary treatment. The gray and black lines indicate the net benefit of treating all patients and no patient strategies, respectively. Dashed lines represent the nomograms. The results showed that the nomograms had good decision power in the validation cohort. A: 3 Year overall survival (OS) decision curve analysis (DCA); B: 5 Year OS DCA; C: 3 Year CSS DCA; D: 5 Year CSS DCA. TNM: Tumor-node-metastases.

Table 1 Baseline demographic and clinical characteristics of middle-aged and elderly patients with stage III rectal adenocarcinoma
	
	Training cohort (1944) 
	Validation cohort (829)
	Overall (2773) 
	
	

	Variable 
	Quantity 
	SCALE 
	Quantity 
	SCALE 
	Quantity 
	SCALE 
	P value 

	Age (yr)
	
	
	
	
	
	
	0.596

	45-62 
	1107
	56.94%
	456
	55.01%
	1563
	56.36%
	

	62-75
	588
	30.25%
	258
	31.12%
	846
	30.51%
	

	> 75
	249
	12.81%
	115
	13.87%
	364
	13.13%
	

	Race
	
	
	
	
	
	
	0.425

	Other 
	146
	7.51%
	66
	7.96%
	212
	7.65%
	

	White 
	1511
	77.73%
	656
	79.13%
	2167
	78.15%
	

	Black 
	287
	14.76%
	107
	12.91%
	394
	14.21%
	

	Sex 
	
	
	
	
	
	
	0.051

	Female 
	794
	40.84%
	305
	36.79%
	1099
	39.63%
	

	Male 
	1150
	59.16%
	524
	63.21%
	1674
	60.37%
	

	Grade 
	
	
	
	
	
	
	0.859

	I/II 
	1642
	84.47%
	698
	84.20%
	2340
	84.39%
	

	III/IV 
	302
	15.53%
	131
	15.80%
	433
	15.61%
	

	Site 
	
	
	
	
	
	
	0.692

	Rectosigmoid Junction
	660
	33.95%
	275
	33.17%
	935
	33.72%
	

	Rectum
	1284
	66.05%
	554
	66.83%
	1838
	66.28%
	

	Stage 
	
	
	
	
	
	
	0.138

	III A
	199
	10.24%
	90
	10.86%
	289
	10.42%
	

	III B
	1394
	71.71%
	615
	74.19%
	2009
	72.45%
	

	III C
	351
	18.06%
	124
	14.96%
	475
	17.13%
	

	Tumor size 
	
	
	
	
	
	
	0.204

	≤ 68
	1626
	83.64%
	677
	81.66%
	2303
	83.05%
	

	> 68
	318
	16.36%
	152
	18.34%
	470
	16.95%
	

	CEA 
	
	
	
	
	
	
	0.558

	Low 
	1074
	55.25%
	468
	56.45%
	1542
	55.61%
	

	High 
	870
	44.75%
	361
	43.55%
	1231
	44.39%
	

	TD 
	
	
	
	
	
	
	0.473

	Neg 
	1481
	76.18%
	621
	74.91%
	2102
	75.80%
	

	Pos 
	463
	23.82%
	208
	25.09%
	671
	24.20%
	

	CRM 
	
	
	
	
	
	
	0.409

	Pos 
	354
	18.21%
	162
	19.54%
	516
	18.61%
	

	Neg
	1590
	81.79%
	667
	80.46%
	2257
	81.39%
	

	PNI 
	
	
	
	
	
	
	0.197

	Neg 
	1551
	79.78%
	679
	81.91%
	2230
	80.42%
	

	Pos 
	393
	20.22%
	150
	18.09%
	543
	19.58%
	

	pLN
	
	
	
	
	
	
	0.152

	0
	508
	26.13%
	204
	24.61%
	712
	25.68%
	

	1-6
	1212
	62.35%
	546
	65.86%
	1758
	63.40%
	

	> 6
	224
	11.52%
	79
	9.53%
	303
	10.93%
	

	DLNs
	
	
	
	
	
	
	0.241

	≤ 26
	1675
	86.16%
	728
	87.82%
	2403
	86.66%
	

	> 26
	269
	13.84%
	101
	12.18%
	370
	13.34%
	

	LNR
	
	
	
	
	
	
	0.246

	0-0.12
	1146
	58.95%
	477
	57.54%
	1623
	58.53%
	

	< 0.31
	463
	23.82%
	221
	26.66%
	684
	24.67%
	

	> 0.31
	335
	17.23%
	131
	15.80%
	466
	16.80%
	


CEA: Carcinoembryonic antigen; TD: Tumor engraftment; CRM: Circumferential resection margin; PNI: Perineural invasion; pLN: Positive lymph nodes; DLNs: Examined lymph nodes; LNR: Lymph node-positive rate.

Table 2 Univariate Cox regression analysis
	Variable
	OS
	CSS

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age (yr)
	
	
	< 0.001
	
	
	< 0.001

	45-62 
	
	
	
	
	
	

	62-75
	1.684
	1.32-2.148
	< 0.001
	1.649
	1.649-1.255
	< 0.001

	> 75
	3.102
	2.372-4.057
	< 0.001
	2.687
	2.687-1.964
	< 0.001

	Race
	
	
	0.3
	
	
	0.4

	Other 
	
	
	
	
	
	

	White 
	0.752
	0.519-1.091
	0.134
	0.7399
	0.739-0.485
	0.163

	Black 
	0.682
	0.432-1.076
	0.009
	0.7474
	0.747-0.449
	0.262

	Sex 
	
	
	0.08
	
	
	0.3

	Female 
	
	
	
	
	
	

	Male 
	1.209
	0.9731-1.502
	0.087
	1.139
	1.139-0.8914
	0.297

	Grade 
	
	
	< 0.001
	
	
	< 0.001

	I/II 
	
	
	
	
	
	

	III/IV 
	1.214
	2.02-1.214
	< 0.001
	1.788
	1.788-1.352
	< 0.001

	Site 
	
	
	0.3
	
	
	0.4

	Rectosigmoid Junction
	
	
	
	
	
	

	Rectum
	0.894
	0.718-1.114
	0.319
	0.889
	0.889-0.693
	0.356

	Stage 
	
	
	< 0.001
	
	
	< 0.001

	III A
	
	
	
	
	
	

	III B
	2.399
	1.446-3.979
	< 0.001
	3.225
	3.225-1.651
	< 0.001

	III C
	3.941
	2.316-6.706
	< 0.001
	6.037
	6.037-3.027
	< 0.001

	Tumor size size 
	
	
	< 0.001
	
	
	< 0.001

	≤ 68
	
	
	
	
	
	

	> 68
	1.651
	1.279-2.131
	< 0.001
	1.663
	1.663-1.245
	< 0.001

	CEA 
	
	
	< 0.001
	
	
	< 0.001

	Low 
	
	
	
	
	
	

	High 
	1.724
	1.395-2.131
	< 0.001
	1.576
	1.576-1.239
	< 0.001

	TD 
	
	
	< 0.001
	
	
	< 0.001

	Neg 
	
	
	
	
	
	

	Pos 
	2.009
	1.612-2.504
	< 0.001
	2.072
	2.072-1.614
	< 0.001

	CRM 
	
	
	< 0.001
	
	
	< 0.001

	Neg 
	
	
	
	
	
	

	Pos 
	2.205
	1.756-2.77
	< 0.001
	2.551
	2.551-1.981
	< 0.001

	PNI 
	
	
	< 0.001
	
	
	< 0.001

	Neg 
	
	
	
	
	
	

	Pos 
	2.092
	1.665-2.629
	< 0.001
	2.222
	2.222-1.718
	<0.001

	pLN
 
	
	
	< 0.001
	
	
	<0.001

	0
	
	
	
	
	
	

	1-6
	1.379
	1.039-1.831
	0.026
	1.711
	1.711-1.21
	0.002

	> 6
	2.27
	1.594-3.233
	< 0.001
	2.924
	2.924-1.927
	< 0.001

	DLNs
	
	
	0.02
	
	
	0.07

	≤ 26
	
	
	
	
	
	

	> 26
	1.412
	1.072-1.858
	0.014
	1.348
	1.348-0.981
	0.066

	LNR
	
	
	< 0.001
	
	
	< 0.001

	0-0.12
	
	
	
	
	
	

	< 0.31
	1.405
	1.088-1.815
	0.009
	1.64
	1.64-1.228
	< 0.001

	> 0.31
	2.261
	1.755-2.914
	< 0.001
	2.594
	2.594-1.944
	< 0.001


OS: Overall survival; CCS: Cancer-specific survival; HR: Hazard ratios; CEA: Carcinoembryonic antigen; TD: Tumor engraftment; CRM: Circumferential resection margin; PNI: Perineural invasion; pLN: Positive lymph nodes; DLNs: Examined lymph nodes; LNR: Lymph node-positive rate.

Table 3 Multivariate Cox regression analysis.
	Variable
	OS
	CSS

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age (yr)
	
	
	
	
	
	

	45-62 
	
	
	
	
	
	

	62-75
	1.773 
	1.384-2.272
	< 0.001
	1.731 
	1.311-2.286
	< 0.001

	> 75
	3.427 
	2.601-4.516
	< 0.001
	2.976 
	2.157-4.106
	< 0.001

	Grade 
	
	
	
	
	
	

	I/II 
	
	
	
	
	
	

	III/IV 
	1.188 
	0.914-1.545
	0.198
	1.281 
	0.96-1.709
	0.092

	Stage 
	
	
	
	
	
	

	III A
	
	
	
	
	
	

	III B
	1.680 
	1.005-2.809
	0.047
	2.369 
	1.204-4.662
	0.013

	III C
	1.770 
	0.968-3.24
	0.064
	2.960 
	1.391-6.297
	0.005

	Tumor size 
	
	
	
	
	
	

	≤ 68
	
	
	
	
	
	

	> 68
	1.669 
	1.277-2.18
	< 0.001
	1.638 
	1.209-2.219
	0.001

	CEA 
	
	
	
	
	
	

	Low 
	
	
	
	
	
	

	High 
	1.426 
	1.148-1.772
	0.001
	1.261 
	0.986-1.612
	0.064

	TD 
	
	
	
	
	
	

	Neg 
	
	
	
	
	
	

	Pos 
	1.525 
	1.204-1.933
	< 0.001
	1.520 
	1.164-1.985
	0.002

	CRM 
	
	
	
	
	
	

	Neg 
	
	
	
	
	
	

	Pos 
	1.538 
	1.204-1.963
	< 0.001
	1.773 
	1.351-2.328
	< 0.001

	PNI 
	
	
	
	
	
	

	Neg 
	
	
	
	
	
	

	Pos 
	1.550 
	1.204-1.996
	< 0.001
	1.520 
	1.147-2.015
	0.004

	pLN
 
	
	
	
	
	
	

	0
	
	
	
	
	
	

	1-6
	1.096 
	0.784-1.532
	0.592
	1.378 
	0.925-2.053
	0.115

	> 6
	0.895 
	0.497-1.612
	0.712
	1.076 
	0.57-2.031
	0.821

	DLNs
	
	
	
	
	
	

	≤ 26
	
	
	
	
	
	

	> 26
	1.254 
	0.928-1.694
	0.141
	
	
	

	LNR
	
	
	
	
	
	

	0-0.12
	
	
	
	
	
	

	< 0.31
	1.279 
	0.953-1.717
	0.101
	1.330 
	0.963-1.839
	0.084

	> 0.31
	1.871 
	1.298-2.697
	< 0.001
	1.809 
	1.22-2.684
	0.003


OS: Overall survival; CCS: Cancer-specific survival; HR: Hazard ratios; CEA: Carcinoembryonic antigen; TD: Tumor engraftment; CRM: Circumferential resection margin; PNI: Perineural invasion; pLN: Positive lymph nodes; DLNs: Examined lymph nodes; LNR: Lymph node-positive rate.
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