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Abstract
BACKGROUND
Signet ring cell carcinoma (SRCC) is an uncommon subtype in colorectal cancer (CRC), with a short survival time. Therefore, it is imperative to establish a useful prognostic model. As a simple visual predictive tool, nomograms combining a quantification of all proven prognostic factors have been widely used for predicting the outcomes of patients with different cancers in recent years. Until now, there has been no nomogram to predict the outcome of CRC patients with SRCC.

AIM
To build effective nomograms for predicting overall survival (OS) and cause-specific survival (CSS) of CRC patients with SRCC.

METHODS
Data were extracted from the Surveillance, Epidemiology, and End Results database between 2004 and 2015. Multivariate Cox regression analyses were used to identify independent variables for both OS and CSS to construct the nomograms. Performance of the nomograms was assessed by concordance index, calibration curves, and receiver operating characteristic (ROC) curves. ROC curves were also utilized to compare benefits between the nomograms and the tumor-node-metastasis (TNM) staging system. Patients were classified as high-risk, moderate-risk, and low-risk groups using the novel nomograms. Kaplan-Meier curves were plotted to compare survival differences.

RESULTS
In total, 1230 patients were included. The concordance index of the nomograms for OS and CSS were 0.737 (95% confidence interval: 0.728-0.747) and 0.758 (95% confidence interval: 0.738-0.778), respectively. The calibration curves and ROC curves demonstrated good predictive accuracy. The 1-, 3-, and 5-year area under the curve values of the nomogram for predicting OS were 0.796, 0.825 and 0.819, in comparison to 0.743, 0.798, and 0.803 for the TNM staging system. In addition, the 1-, 3-, and 5-year area under the curve values of the nomogram for predicting CSS were 0.805, 0.847 and 0.863, in comparison to 0.740, 0.794, and 0.800 for the TNM staging system. Based on the novel nomograms, stratified analysis showed that the 5-year probability of survival in the high-risk, moderate-risk, and low-risk groups was 6.8%, 37.7%, and 67.0% for OS (P < 0.001), as well as 9.6%, 38.5%, and 67.6% for CSS (P < 0.001), respectively.

CONCLUSION
Convenient and visual nomograms were built and validated to accurately predict the OS and CSS rates for CRC patients with SRCC, which are superior to the conventional TNM staging system.
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Core Tip: Using data from the Surveillance, Epidemiology, and End Results database between 2004 and 2015, convenient and visual nomograms were built and validated to accurately predict 1-, 3-, and 5-year overall survival and cause-specific survival rates for signet ring cell carcinoma in colorectal cancer patients for the first time. The novel nomograms stratified patients into high-risk, moderate-risk, and low-risk groups with 5-year probability survival of 6.8%, 37.7%, and 67.0% for overall survival (P < 0.001), as well as 9.6%, 38.5%, and 67.6% for cause-specific survival (P < 0.001), respectively. Besides, these nomograms were proved to be superior to the conventional tumor-node-metastasis staging system.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide, in spite of a continuous decline of its incidence and mortality[1]. Approximately 147950 people will be diagnosed with CRC and 53200 deaths due to this disease will occur in the United States this year[2].
CRC represents a group of histopathological heterogeneous diseases, and the largest number of cases are adenocarcinomas. Signet ring cell carcinoma (SRCC) is an uncommon subtype constituting less than 1% of CRC cases, and it is characterized by abundant intracytoplasmic mucin pushing the nucleus aside[3-5].
In spite of fast development of treatment methods recently, SRCC is still regarded as a different clinical entity due to its shorter survival compared with adenocar-cinoma[6-9]. To evaluate the prognostic factors of SRCC in CRC patients and to establish individualized treatment strategies, it is imperative to establish a useful prognostic model.
The most widely used prognostic tool for CRC patients is the tumor-node-metastasis (TNM) staging system[10]. However, clinical factors, for instance, gender, tumor size, primary tumor location, and pathological grade, might also affect patient survival. However, limited information is available regarding the survival and prognostic factors of SRCC in CRC patients. As a simple visual predictive tool, nomograms combining and quantitating all proven prognostic factors have been widely used for predicting the outcomes of different cancers in recent years[11-14]. Until now, there has been no nomogram to predict the outcome of CRC patients with SRCC.
The aim of this study was to build convenient and effective nomograms for predicting the outcomes of CRC patients with SRCC using data extracted from the Surveillance, Epidemiology, and End Results (SEER) database.

MATERIALS AND METHODS
Data source
This retrospective study was based on the SEER database from 2004 to 2015, which accounts for approximately 28% of the United States population. Before accessing the data, permission was obtained in advance. Data were extracted using SEER*Stat software.

Patient selection
Patients diagnosed with SRCC were identified by the International Classification of Disease for Oncology, third edition (ICD-O-3) code 8490. Patients were excluded if non-SRCC appeared in the pathology report or if CRC was not their only primary tumor. Patients with a follow-up period or survival time of less than 1 mo were also excluded. In our study, 11 variables were collected from the SEER database, consisting of year of diagnosis, age, gender, marital status, pathological grade, tumor size, primary site, surgery, T stage, N stage, and M stage. TNM stage was according to the American Joint Committee on Cancer seven edition staging system. Patients with complete information of the above 11 variables were included.
As continuous variables, the cutoff value of age was 60 years. The patients were divided into three groups based on the tumor size (< 2 cm, 2-4 cm, and ≥ 4 cm). In addition, the primary sites were categorized as the right-side colon [containing the cecum (C18.0), ascending colon (C18.2), hepatic flexure (C18.3), and transverse colon (C18.4)] and left-side colon [containing the splenic flexure (C18.5), descending colon (C18.6), sigmoid colon (C18.7), rectosigmoid (C19.9), and rectum (C20.9)].
Finally, 1230 CRC patients who were diagnosed with SRCC from 2004 to 2015 were obtained. Figure 1 shows the workflow chart for patient selection.

Statistical analysis
Overall survival (OS) and cause-specific survival (CSS) were calculated according to deaths due to any cause or CRC, respectively. Censored data were defined as patients who were still alive or died of other reasons before the end of the study. The Kaplan-Meier method was used to estimate the 1-, 3-, and 5-year OS and CSS rates; and univariate and multivariate Cox regression analyses were used to identify the independent variables of both OS and CSS, performed using SPSS software (Version 22.0; IBM Corporation). R software (version 3.6.0) was applied to establish nomograms based on the potential prognostic variables related to OS and CSS on the basis of the Cox regression model. The discriminatory power of the nomograms was assessed by the concordance index (C-index) value and the time-dependent receiver operating characteristic (ROC) curve. The 1-, 3-, and 5-year ROC curves were utilized to distinguish the predictive ability of the nomogram over time, as well as to compare the benefits between the nomograms and the TNM staging system. Statistical significance was defined as a two-sided P value < 0.05.

Risk stratification according to novel nomograms
Risk stratification was performed based on the novel nomograms. The study divided all patients into three groups (high-risk, moderate-risk, and low-risk) based on tertiles of the total scores. The Kaplan-Meier method was utilized to generate survival curves for the three risk groups, which were compared by the log-rank test.

RESULTS
Patient characteristics and survival outcomes
The patient characteristics as well as the 1-, 3-, and 5-year OS and CSS rates are shown in Table 1. Among the 1230 patients, the majority were ≥ 60 years (64.6%), male (51.3%), and married (55.5%). With regard to the pathological grade, most patients had poorly or undifferentiated SRCC with grades III (75.4%) and IV (17.1%). As to the primary site, 65.5% of patients had right-side colon cancer, while 23.0% had left-side colon cancer and 11.5% had rectal cancer. In total, approximately three-quarters (75.4%) of the patients had a tumor size ≥ 4 cm in diameter, after that 20.0% with a tumor size ranging from 2 cm to 4 cm and 4.6% with a tumor size < 2 cm. Moreover, a small number (5.1%) of patients received surgery, including local or partial resection and total resection. TNM stages I, II, III, and IV tumors made up 7.7%, 28.1%, 41.9%, and 22.3%, respectively. The OS and CSS rates at 1-, 3-, 5-years were 72.5%, 47.9%, and 39.8% and 76.1%, 54.4%, and 49.6%, respectively (Figure 2).

Univariate and multivariate Cox regression analyses
In terms of OS, univariate analysis demonstrated that age, marital status, pathological grade, tumor size, surgery, T stage, N stage, and M stage were statistically significantly correlated with the prognosis (P < 0.05) (Table 2). These prognostic factors were entered into a Cox model for multivariate analysis. The following seven factors were considered independent prognostic factors for OS: Age (P < 0.001), marital status (P = 0.007), tumor size (P = 0.001), surgery (P < 0.001), T stage (P < 0.001), N stage (P < 0.001), and M stage (P < 0.001) (Table 3).
In terms of the CSS, in the univariate analysis, the significant variables included primary site, pathological grade, tumor size, surgery, T stage, N stage, and M stage (P < 0.05) (Table 4). Multivariate analysis showed that five variables were still independent prognostic factors for CSS: Tumor size (P = 0.001), surgery (P < 0.001), T stage (P < 0.001), N stage (P < 0.001), and M stage (P < 0.001) (Table 5).

Construction and validation of prognostic prediction nomograms
Nomograms for OS and CSS were constructed on the basis of all independent variables in the multivariate analysis (Figure 3). Each variable was given a score, and the total score was obtained by summing the individual scores. As a visual and graphical prediction tool, nomograms allowed us to easily acquire the probability of the 1-, 3-, and 5-year OS and CSS of the patients.
To assess the discriminatory power of the nomograms, C-index values were generated. C-index values of these novel models were 0.737 [95% confidence interval (CI): 0.728-0.747] for OS and 0.758 (95%CI: 0.738-0.778) for CSS, which showed excellent accuracy. The calibration curves displayed in Figure 4 indicate a high degree of credibility, showing good consistency between the nomogram predictive values and the real observations for the 1-, 3-, and 5-year OS and CSS probabilities.
ROC analyses were carried out to compare the predictive efficacy of the nomograms to that of the TNM staging system. The 1-, 3-, and 5-year area under the curve (AUC) values of the nomogram for predicting the OS were 0.796, 0.825 and 0.819, in comparison to 0.743, 0.798 and 0.803 for the TNM staging system (Figure 5A-C). In addition, the 1-, 3-, and 5-year AUC values of the nomogram for predicting CSS were 0.805, 0.847 and 0.863, in comparison to 0.740, 0.794, and 0.8 for the TNM staging system (Figure 5D–F).

Risk stratification according to novel prognostic nomograms
All 1230 patients were divided into three subgroups (high-risk, moderate-risk, and low-risk) based on tertiles of total scores in the novel nomograms. Survival curves were generated and are shown in Figure 6. In the OS cohort, 5-year OS rates in the high-risk, moderate-risk, and low-risk groups were 6.8%, 37.7%, and 67.0%, respectively. In the CSS cohort, 5-year CSS rates in the high-risk, moderate-risk, and low-risk groups were 9.6%, 38.5%, and 67.6%, respectively. Survival outcomes among the three groups had a significant difference in terms of both OS (P < 0.001) and CSS (P < 0.001).

DISCUSSION
As a graphical statistical prediction model, nomograms enable individualized predictions for clinicians to quantitatively assess the prognosis of patients[11]. This study first established effective nomograms, which accurately predicted 1-, 3-, and 5-year OS and CSS probabilities of CRC patients with SRCC. The calibration curves demonstrated a high degree of credibility of the nomograms. Moreover, the nomogram was able to divide individuals into high-risk, moderate-risk, and low-risk groups, indicating that it could be a good tool to predict the outcomes of CRC patients with SRCC.
The TNM staging system is considered to be the foundation of prognostication in CRC[10]. Consistent with this, our study showed that T stage, N stage, and M stage were all significant prognostic variables for OS and CSS of CRC patients with SRCC. However, there was often a significant difference in the prognosis of patients with the same stage. The TNM staging system has several shortcomings in predicting personalized prognosis since it is lacking the patients’ characteristics, compared to nomograms that include all of the prognostic factors. In recent years, nomograms have been demonstrated to be more precise than the conventional TNM staging system in predicting the outcomes of patients with different solid tumors, including CRC, but little is known about SRCC in CRC patients[15-17].
In the present study, besides the TNM stage factors, tumor size and surgery were both independent prognostic factors for OS and CSS. Moreover, age and marital status were two independent prognostic factors but only for OS. These factors were all included in the nomograms for the prediction of OS and CSS. Using ROC curve analysis, these novel nomograms, which simplified and combined the TNM stage with other independent prognostic factors, showed better predictive accuracy and prognostic value compared to the conventional TNM staging system, and were easy to use and provided a quantitative prognostic assessment for individuals.
In several tumors, for instance, breast cancer, lung cancer, and pancreatic cancer, tumor size is incorporated into T stage and is closely associated with the cancer prognosis. However, it was not included in the TNM stage in CRC. Many studies have shown that a larger tumor size is associated with a shorter disease-free survival and worse OS in CRC[18-20]. Our study further subdivided tumor size into < 2 cm, 2-4 cm, and ≥ 4 cm, and validated its impact on prognosis. The results showed that large tumors were related to a poor prognosis. Though not included in the TNM system, tumor size was a crucial prognostic variable, which could not be ignored in clinical practice.
As we know, surgery is the established standard treatment for early stage CRC, as well as some metastases of CRC[21-23]. Multivariate analysis in our study showed that, in comparison with patients who received surgery, the hazard ratio (HR) for patients without surgery was 0.29 (95%CI: 0.214-0.393) for OS and 0.282 (95%CI: 0.203-0.391) for CSS of CRC patients with SRCC. This indicated that although the prognosis was relatively poor in SRCC, surgery is recommended to improve survival.
Many studies have demonstrated that marital status significantly influences the survival of CRC patients. Multivariate analysis in our research showed that in the subgroup of SRCC patients, marital status also affected OS (P = 0.007), which was consistent with the previous studies[15,24]. A similar phenomenon was found in terms of age. There have been reports that age is related to survival in CRC patients[10,16,17]. Our results indicated that patients older than 60 years had a shorter survival in comparison with younger patients with SRCC (P < 0.001).
The prognostic value of primary tumor location in metastatic colorectal adenocarcinoma has been reported, with right-side colon cancer having a worse prognosis[25-28]. However, different results were reported for the SRCC subgroup of CRC. In our study, univariate analysis showed the 5-year CSS rates of SRCC in left-side colon, right-side colon, and rectum were 52.9%, 42.6%, and 38.9%, respectively (P = 0.043), which indicated that the primary tumor site might affect the prognosis of SRCC patients. Nevertheless, significant differences were not found between different locations in terms of both OS and CSS using multivariate analysis. A study that combined tumor location and stage in SRCC patients showed that a significant difference between tumor locations was only found in stage I-II disease, while rectal SRCC had the worst prognosis, which indicates that the correlation between survival and tumor locations in CRC is not straightforward[29]. Based on the previous research, stratified analysis by tumor stage or other factors might be needed when analyzing differences in survival between right-side colon, left-side colon, and rectal cancer in the SRCC subgroup in the future.
[bookmark: _Hlk63506698]Our study does have some limitations, which should be taken into account when explaining the results. First, it was a retrospective analysis, which might cause selection biases. Second, treatment-related variables except for surgery, such as chemotherapy regimens and radiation doses, which might be closely related to survival, were not included. Third, the SEER database does not provide genomic characteristics (such as RAS, BRAF, microsatellite instability, and other genes’ statuses), which have been proven to influence survival; thus, these factors were not included in our analysis. Hence, prospective evaluation of the presented nomograms combined with other factors to improve this model is needed in clinical practice.

CONCLUSION
In conclusion, convenient and visual nomograms were built and validated with good accuracy and high credibility based on the SEER database. They could accurately predict 1-, 3-, and 5-year OS and CSS rates for CRC patients with SRCC. In addition, these nomograms were also demonstrated to be superior to the conventional TNM staging system with increased predictive accuracy but without increasing the complexity. However, due to this being a retrospective study, prospective validations will be required in the future.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Signet ring cell carcinoma (SRCC) is an uncommon subtype of colorectal cancer (CRC) with short survival time. Several factors influence its prognosis. Until now, there has been no nomogram to predict the outcome of CRC patients with SRCC.

Research motivation
To explore the prognostic factors and build effective nomograms for predicting overall survival (OS) and cause-specific survival (CSS) of CRC patients with SRCC.

Research objectives
To build effective nomograms based on significant prognostic factors for predicting OS and CSS of CRC patients with SRCC.

Research methods
Data was extracted from the Surveillance, Epidemiology, and End Results database between 2004 and 2015. Multivariate Cox regression analyses were used to identify independent factors. Nomograms were built and validated to predict OS and CSS. Patients were divided into high-risk, moderate-risk, and low-risk groups using the novel nomograms.

Research results
In total, 1230 patients were included. Nomograms for OS and CSS were built with the concordance index of 0.737 and 0.758, respectively. The calibration curves and receiver operating characteristic curves demonstrated good predictive accuracy. The novel nomograms stratified patients into high-risk, moderate-risk, and low-risk groups with 5-year probability survival of 6.8%, 37.7%, and 67.0% for OS (P < 0.001), as well as 9.6%, 38.5%, and 67.6% for CSS (P < 0.001), respectively.

Research conclusions
Convenient and visual nomograms were constructed and validated to predict the OS and CSS rates for CRC patients with SRCC for the first time, which are superior to the conventional tumor-node-metastasis staging system.

Research perspectives
These novel nomograms could be used for accurately predicting survival rates of CRC patients with SRCC, as well as stratifying patients into different risk groups.
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Figure Legends
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Figure 1 Workflow of patient selection and establishment of nomograms to predict overall survival and cause-specific survival. CRC: Colorectal cancer; SEER: Surveillance, Epidemiology, and End Results; TNM: Tumor-node-metastasis; OS: Overall survival; CSS: Cause-specific survival; C-index: Concordance index; ROC: Receiver operating characteristic.
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Figure 2 Overall survival and cause-specific survival curves of all patients. OS: Overall survival; CSS: Cause-specific survival.
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Figure 3 Nomograms for predicting overall survival and cause-specific survival. A: Nomogram based on the independent prognostic factors for the prediction of 1-, 3-, and 5-yr overall survival rates; B: Nomogram based on the independent prognostic factors for the prediction of 1-, 3-, and 5-yr cause-specific survival rates. OS: Overall survival; CSS: Cause-specific survival; TNM: Tumor-node-metastasis.
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Figure 4 Calibration plots. A-C: Calibration curves for predicting 1-yr (A), 3-yr (B), and 5-yr (C) overall survival rates; D-F: Calibration curves for predicting 1-yr (D), 3-yr (E), and 5-yr (F) cause-specific survival rates. OS: Overall survival; CSS: Cause-specific survival.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 5 Areas under the receiver operating characteristic curves for predicting overall survival and cause-specific survival. A-C: Area under the curve values of the nomogram and the tumor-node-metastasis staging system  for predicting 1-yr (A), 3-yr (B), and 5-yr (C) overall survival rates; D-F: Area under the curve values of the nomogram and the tumor-node-metastasis staging system for predicting 1-yr (D), 3-yr (E), and 5-yr (F) cause-specific survival rates. AUC: Areas under the curve; OS: Overall survival; CSS: Cause-specific survival; TNM: Tumor-node-metastasis.
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Figure 6 Risk assessment using the nomogram. A: Kaplan-Meier estimate of overall survival in the subgroup according to tertiles of the total score; B: Kaplan-Meier estimate of cause-specific survival in the subgroup according to tertiles of the total score.

Table 1 Patient characteristics and 1-, 3-, and 5-yr overall survival and cause-specific survival rates
	Characteristic
	n
	%
	OS (%)
	CSS (%)

	
	
	
	1-yr
	3-yr
	5-yr
	1-yr
	3-yr
	5-yr

	Age (yr)
	
	
	
	
	
	
	
	

	< 60
	436
	35.4
	78.7
	49.9
	41.5
	78.4
	52.3
	44.8

	≥ 60
	794
	64.6
	72.0
	46.9
	39.0
	74.9
	55.6
	52.2

	Gender
	
	
	
	
	
	
	
	

	Male
	631
	51.3
	74.4
	45.8
	39.2
	76.3
	51.3
	46.8

	Female
	599
	48.7
	74.3
	50.1
	40.6
	76.0
	57.8
	52.5

	Marital status
	
	
	
	
	
	
	
	

	Married
	683
	55.5
	78.1
	51.8
	43.4
	79.2
	56.2
	51.5

	Unmarried
	547
	44.5
	69.7
	44.4
	36.1
	72.3
	52.3
	47.2

	Primary site
	
	
	
	
	
	
	
	

	Left side colon
	806
	65.5
	73.9
	49.6
	41.2
	76.5
	57.3
	52.9

	Right side colon
	282
	22.9
	74.0
	46.1
	38.7
	75.8
	51.1
	46.0

	Rectum
	142
	11.5
	72.4
	42.7
	34.5
	75.0
	45.6
	38.9

	Pathological grade
	
	
	
	
	
	
	
	

	I-II
	93
	7.6
	76.3
	60.2
	51.6
	80.2
	66.8
	60.5

	III
	927
	75.4
	72.3
	49.0
	40.4
	75.7
	55.2
	50.7

	IV
	210
	17.1
	71.5
	36.8
	31.4
	76.1
	44.5
	38.8

	Tumor size (cm)
	
	
	
	
	
	
	
	

	< 2
	57
	4.6
	93.0
	73.8
	63.4
	96.4
	81.8
	75.7

	2-4
	246
	20.0
	83.6
	54.6
	44.4
	86.8
	59.4
	54.0

	≥ 4
	927
	75.4
	68.2
	44.5
	37.1
	72.0
	51.4
	46.7

	T stage
	
	
	
	
	
	
	
	

	T1
	55
	4.5
	80.0
	70.1
	59.0
	81.5
	71.4
	60.1

	T2
	77
	6.3
	92.2
	77.2
	65.8
	94.8
	86.7
	83.5

	T3
	607
	49.3
	80.0
	59.7
	52.0
	84.2
	67.4
	63.5

	T4
	491
	39.9
	59.1
	25.7
	17.3
	62.4
	30.3
	23.5

	N stage
	
	
	
	
	
	
	
	

	N0
	467
	38.0
	86.3
	70.4
	61.4
	90.3
	79.0
	75.4

	N1
	231
	18.8
	75.1
	45.7
	36.4
	78.6
	52.5
	46.2

	N2
	532
	43.3
	59.1
	27.5
	19.6
	62.4
	31.4
	24.6

	M stage
	
	
	
	
	
	
	
	

	M0
	956
	77. 
	80.6
	58.0
	48.7
	84.8
	65.7
	60.4

	M1
	274
	22.3
	44.1
	9.9
	6.0
	46.0
	11.8
	8.0

	TNM stage
	
	
	
	
	
	
	
	

	I
	95
	7.7
	91.6
	80.9
	68.9
	93.6
	86.1
	80.7

	II
	346
	28.1
	87.8
	71.4
	62.7
	92.6
	81.4
	78.0

	III
	515
	41.9
	76.1
	43.9
	33.7
	77.8
	50.0
	42.1

	IV
	274
	22.3
	44.1
	9.9
	6.0 
	46.0
	11.8
	8.0

	Surgery
	
	
	
	
	
	
	
	

	Yes
	63
	5.1
	74.6
	50.3
	41.8
	78.2
	56.9
	51.8

	No
	1167
	94.9
	33.3
	2.2
	2.2
	36.9
	3.0
	3.0


OS: Overall survival; CSS: Cause-specific survival; TNM: Tumor-node-metastasis.

Table 2 Univariate analysis of overall survival
	Characteristic
	HR
	95%CI
	P value

	Age (yr)
	
	
	0.024

	< 60
	1
	
	

	≥ 60
	1.199
	1.024-1.405
	

	Gender
	
	
	0.643

	Male
	1
	
	

	Female
	0.966
	0.833-1.119
	

	Marital status
	
	
	0.004

	Married
	1
	
	

	Unmarried
	1.239
	1.069-1.437
	

	Primary site
	
	
	0.765

	Left side colon
	1
	
	

	Right side colon
	1.02
	0.853-1.221
	

	Rectum
	1.089
	0.866-1.369
	

	Pathological grade
	
	
	0.002

	I-II
	1
	
	

	III
	1.478
	1.083-2.018
	

	IV
	1.849
	1.307-2.614
	

	Tumor size (cm)
	
	
	< 0.001

	< 2
	1
	
	

	2-4
	1.727
	1.077-2.769
	

	≥ 4
	2.433
	1.557-3.802
	

	T stage
	
	
	< 0.001

	T1
	1
	
	

	T2
	0.707
	0.406-1.231
	

	T3
	1.193
	0.787-1.808
	

	T4
	2.839
	1.875-4.300
	

	N stage
	
	
	< 0.001

	N0
	1
	
	

	N1
	2.023
	1.607-2.546
	

	N2
	3.458
	2.879-4.154
	

	M stage
	
	
	< 0.001

	M0
	1
	
	

	M1
	3.729
	3.158-4.403
	

	Surgery
	
	
	< 0.001

	Yes
	1
	
	

	No
	0.648
	0.591-0.710
	


HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis.

Table 3 Multivariate Cox regression model analysis of overall survival
	Characteristic
	HR
	95%CI
	P value

	Age (yr)
	
	
	< 0.001

	< 60
	1
	
	

	≥ 60
	1.714
	1.457-2.017
	

	Marital status
	
	
	0.007

	Married
	1
	
	

	Unmarried
	1.227
	1.058-1.422
	

	Pathological grade
	
	
	0.337

	I-II
	
	
	

	III
	
	
	

	IV
	
	
	

	Tumor size (cm)
	
	
	0.001

	< 2
	1
	
	

	2-4
	1.326
	0.81-2.171
	

	≥ 4
	1.786
	1.113-2.867
	

	T stage
	
	
	< 0.001

	T1
	1
	
	

	T2
	0.739
	0.416-1.309
	

	T3
	0.881
	0.562-1.381
	

	T4
	1.347
	0.852-2.128
	

	N stage
	
	
	< 0.001

	N0
	1
	
	

	N1
	1.599
	1.258-2.034
	

	N2
	2.767
	2.237-3.421
	

	M stage
	
	
	< 0.001

	M0
	1
	
	

	M1
	2.092
	1.732-2.527
	

	Surgery
	
	
	< 0.001

	Yes
	1
	
	

	No
	0.29
	0.214-0.393
	


HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis.

Table 4 Univariate analysis of cause-specific survival
	Characteristic
	HR
	95%CI
	P value

	Age (yr)
	
	
	0.399

	< 60
	1
	
	

	≥ 60
	0.928
	0.78-1.104
	

	Gender
	
	
	0.117

	Male
	1
	
	

	Female
	0.874
	0.738-1.034
	

	Marital status
	
	
	0.075

	Married
	1
	
	

	Unmarried
	1.165
	0.985-1.380
	

	Primary site
	
	
	0.043

	Left side colon
	1
	
	

	Right side colon
	0.743
	0.581-0.951
	

	Rectum
	0.858
	0.649-1.134
	

	Pathological grade
	
	
	0.005

	I-II
	1
	
	

	III
	1.45
	1.012-2.079
	

	IV
	1.872
	1.259-2.783
	

	Tumor size (cm)
	
	
	< 0.001

	< 2
	1
	
	

	2-4
	2.593
	1.352-4.975
	

	≥ 4
	3.651
	1.95-6.835
	

	T stage
	
	
	< 0.001

	T1
	1
	
	

	T2
	0.366
	0.174-0.769
	

	T3
	0.993
	0.62-1.59
	

	T4
	2.807
	1.764-4.467
	

	N stage
	
	
	< 0.001

	N0
	1
	
	

	N1
	2.704
	2.052-3.563
	

	N2
	4.957
	3.958-6.209
	

	M stage
	
	
	< 0.001

	M0
	1
	
	

	M1
	4.534
	3.789-5.425
	

	Surgery
	
	
	< 0.001

	Yes
	1
	
	

	No
	0.631
	0.573-0.696
	


HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis.

Table 5 Multivariate Cox regression model analysis of cause-specific survival
	Characteristic
	HR
	95%CI
	P value

	Primary site
	
	
	0.112

	Left side colon
	
	
	

	Right side colon
	
	
	

	Rectum
	
	
	

	Pathological grade
	
	
	0.382

	I-II
	
	
	

	III
	
	
	

	IV
	
	
	

	Tumor size (cm)
	
	
	0.001

	< 2
	1
	
	

	2-4
	1.938
	0.984-3.816
	

	[bookmark: OLE_LINK126][bookmark: OLE_LINK131]≥ 4
	2.509
	1.297-4.855
	

	T stage
	
	
	< 0.001

	T1
	1
	
	

	T2
	0.362
	0.169-0.774
	

	T3
	0.612
	0.366-1.023
	

	T4
	0.968
	0.576-1.626
	

	N stage
	
	
	< 0.001

	N0
	1
	
	

	N1
	1.968
	1.475-2.624
	

	N2
	3.411
	2.642-4.406
	

	M stage
	
	
	<0.001

	M0
	1
	
	

	M1
	2.198
	1.796-2.689
	

	Surgery
	
	
	< 0.001

	Yes
	1
	
	

	No
	0.3
	0.217-0.414
	


HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis.
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