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The survival rate for colon cancer after radical surgery has been the focus of extensive debate. To assess the postoperative survival and prognostic factors for overall survival (OS), we collected clinicopathological information for 2,655 patients. The survival time and potential risk factors for OS were analyzed by using Kaplan–Meier curves, Cox proportional hazards models, best subset regression (BSR), and least absolute shrinkage and selection operator (LASSO). The 5-year survival rates of stage I–IV colon cancer were 96.6%, 88.7%, 69.9%, and 34.3%, respectively. Adjuvant chemotherapy improved the survival rate (90.4% vs. 82.4%, with versus without adjuvant chemotherapy, respectively) in stage II patients with high-risk factors. Elevated preoperative carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) were significantly associated with worse OS compared with patients without these elevations. Less than 12 versus more than 12 harvested lymph nodes (LNs) affected prognosis (84.6% vs. 89.7%, respectively). Regarding the lymph node ratio (LNR), the 5-year OS rate was 89.2%, 71.5%, 55.8%, and 34.5% in patients with LNR values of 0, 0.3, 0.3–0.7, and >0.7, respectively. We constructed a nomogram comprising the independent factors associated with survival to better predict prognosis. On the basis of these findings, we propose that stage II colon cancer patients without high-risk factors and with both elevated preoperative CEA and CA199 should receive adjuvant therapy. Furthermore, the LNR could complement TNM staging in patients with <12 harvested LNs. Our nomogram might be useful as a new prognosis prediction system for colon cancer patients.
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Introduction

Colon cancer is one of the most prevalent malignancies and the second leading cause of cancer-related death in the world (1, 2). According to the latest statistics, there are approximately 520,000 new cases and 250,000 deaths in 2018 in China (3). Currently, the main treatment for colon cancer is radical surgical resection and adjuvant chemotherapy. The 5-year overall survival (OS) rate after radical surgery for colon cancer is approximately 60% in China (4), and the mortality rate remains high. Various factors might be associated with 5-year survival, such as stage, differentiation, histology, tumor location, age, and sex.

Accurate pathological diagnosis, radical surgery, and adequate postoperative adjuvant chemotherapy are critical for colon cancer patients. There have been extensive studies evaluating how to predict the postoperative OS of colon cancer; however, the results are controversial. Therefore, we retrospectively reviewed the clinicopathological data of 2,655 colon cancer patients after radical surgery between January 2011 and December 2016 at Harbin Medical University Cancer Hospital. A nomogram was developed based on clinical and histopathological high-risk factors to determine the OS of colon cancer patients undergoing curative resection.



Materials and methods

The clinical data of 2,655 colon cancer patients treated between January 2011 and December 2016 were derived from the Department of Colorectal Surgery of Harbin Medical University Cancer Hospital. Patients who received palliative surgery, had multiple primary cancers, or received neoadjuvant chemotherapy were excluded; patients lost to follow-up were also excluded (Supplementary Figure 1). All patients were randomly divided into a training cohort and a testing cohort at a ratio of 70% to 30%. This study was approved by the Harbin Medical University Cancer Hospital ethics committee (KY2017-19), and written informed consent was obtained from the patients.

We evaluated the following baseline covariates: sex, age, pathological tumor (pT) stage, pathological lymph node (pN) stage, pathological metastasis (pM) stage, tumor location, tumor size, histology, differentiation, examined lymph nodes (LNs), metastatic lymph node ratio (LNR), perineural invasion, lymphatic invasion, preoperative carcinoembryonic antigen (CEA) level, preoperative carbohydrate antigen 199 (CA199) concentration, and adjuvant chemotherapy. Cancers of the proximal splenic flexure (cecum and ascending colon) were classified as right colon cancer. Cancers in the distal splenic flexure (descending colon and sigmoid colon) were classified as left colon cancer. Cancer in the middle of the transverse colon was classified as transverse cancer. Regarding adjuvant therapy, patients were classified into two groups (i.e., with vs. without). Patients were also categorized into three groups by their age at the time of the primary tumor resection, as follows: <40 years, 40–70 years, and >70 years. CEA level was classified as ≤5 ng/ml or >5 ng/ml based on the upper normal limit (5 u/ml), and CA199 level was classified as ≤37 U/ml or >37 U/ml based on the upper normal limit (37 U/ml). Tumor size was categorized as <5 cm or ≥5 cm. All patients in this study were reclassified in accordance with the 8th TNM classification of colon cancer.

All statistical analyses were performed using SPSS software (version 25.0; IBM Corp., Armonk, NY, USA). OS analyses were performed using the Kaplan–Meier (KM) method, and the results were compared using the log-rank test. Clinical and pathological variables associated with survival were assessed on the basis of clinical importance, scientific evidence, and predictors identified in previously published articles (5, 6). The variables screened by univariate Cox regression, best subset regression (BSR), and least absolute shrinkage and selection operator (LASSO) were included in a multivariate Cox regression model, and the final model of the three methods was determined using backward stepwise selection with minimum Akaike’s information criterion (AIC) values (Supplementary Table 1). Candidate variables with p-values < 0.2 in the univariate analysis were included in the multivariable model. Risk factors were measured as [hazard ratio (HR), 95% confidence interval (CI)]. All reported statistical significance levels were two-sided, with statistical significance set at 0.05. The predictive nomogram was developed based on a multivariate analysis using the rms package in R, version 4.1.2 (www.r-project.org). Calibration plots, Harrell’s concordance index (C-index), area under the curve (AUC) values, and decision curve analysis (DCA) were used to evaluate calibrating ability.



Results


Clinicopathological characteristics

The baseline clinicopathological characteristics of the patients are shown in Table 1. More than half of the patients had tumors larger than 5.0 cm (N = 1,740, 65.5%). Regarding the differentiation grade of the primary site, approximately 9.0%, 81.5%, 5.2%, and 4.3% of the colon cancer patients had well-differentiated, moderately differentiated, poorly differentiated, and undifferentiated tumors, respectively. The proportions of stage T1, T2, T3, and T4 cancer were 2.0%, 6.2%, 73.4%, and 18.2%, respectively. Stages II and III were more prevalent (N = 2,411, 90.8%) than stages I and IV, and 62.8% of the patients were classified as N0 (Figure 1). Regarding the LNs, approximately 70% of the patients had sufficient LNs examined (≥12; N = 1995, 75.1%), and the average number of LNs examined was 18. At the end of the follow-up, the mortality rate was 20.6%, and the median survival was 67.94 months.


Table 1 | Clinical and pathological characteristics of the study population.






Figure 1 | Kaplan–Meier curves for survival analysis in colon cancer patients. The OS according to T stage (A), N stage (C), and the TNM staging system (E). The 5-year OS rates of the three classifications [T stage, N stage, and TNM staging: (B, D, F), respectively]. OS, overall survival; T, tumor; N, node; TNM, tumor-node-metastasis.





Univariate and multivariate analyses

Univariate and multivariate regression analyses were performed to determine the prognostic factors in colon cancer patients after curative surgical resection (Figures 2A, B). Age, preoperative CEA and CA199 levels, tumor size, histology, differentiation, pT stage, pN stage, M stage, number of harvested LNs, LNR, perineural invasion, vascular invasion, and adjuvant chemotherapy were identified as significant factors correlated with OS in the univariate analysis (Figure 2A). The multivariate analysis showed that age, preoperative CEA and CA199 levels, histology, differentiation, pT stage, pN stage, M stage, LNR, perineural invasion, and adjuvant chemotherapy were independent prognostic factors (Figure 2B).




Figure 2 | Univariate and multivariate Cox regression analyses; (A) univariate analysis; (B) multivariate analysis.





Five-year OS and TNM stage

KM curves for stages T1, T2, T3, T4a, and T4b in all patients are shown in Figure 1A (p < 0.001). The OS rates for stages T1, T2, T3, T4a, and T4b were 96.7%, 96.2%, 82.0%, 74.6%, and 69.8%, respectively (Figure 1B). KM curves for stages N0, N1a, N1b, N1c, N2a, and N2b for all patients are shown in Figure 1C (p < 0.001). The OS rates for stages N0, N1a, N1b, N1c, N2a, and N2b were 89.1%, 79.7%, 68.8%, 64.8%, 55.8%, and 48.5%, respectively (Figure 1D). KM curves in accordance with the 8th edition TNM staging for stage I, II, III, and IV cancer are shown in Figure 1E (p < 0.001). The OS rates for cancer stages I, II, III, and IV were 96.6%, 88.7%, 69.9%, and 34.3%, respectively (Figure 1F).



Preoperative CEA and CA199

For all patients, elevated preoperative CEA (5-year OS: 85.5% vs. 74.6%; p < 0.001) level or CA19-9 (5-year OS: 84.2% vs. 68.0%; p < 0.001) level was significantly associated with worse OS versus no elevation in either of these markers, respectively (Figures 3A–D). Furthermore, patients with both elevated CEA and CA199 (N = 286, 10.8%) had the worst 5-year OS compared with patients with other groups (5-year OS: 64.8%; p < 0.001) (Figures 3E, F).




Figure 3 | Kaplan–Meier curves for the survival analysis according to the level of preoperative CEA (A), CA199 (C), and combined CEA and CA199 (E). The 5-year OS rates of the three categories are shown in (B, D, F): CEA, CA199, and combined CEA and CA199, respectively. CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 199; OS, overall survival.





Risk factors in stage II colon cancer patients who received chemotherapy

In this study, stage II patients accounted for more than half of the cases (N = 1,455, 54.8%). The baseline clinicopathological characteristics of the patients with stage II colon cancer are shown in Supplementary Table S2. These patients were divided into three groups based on the number of risk factors (7, 8), which were stage pT4, bowel obstruction or tumor perforation, high tumor grade, vascular or perineural invasion, and <12 LNs examined. Accordingly, patients were classified as without risk factors (N = 782), only one risk factor (N = 502), or two or more risk factors (N = 171), and the 5-year OS rates were 91.2%, 87.3%, and 80.2%, respectively (Figure 4A). The 5-year survival of patients with deficient mismatch repair (dMMR) colon cancer was better than that in patients with proficient MMR (pMMR) without high-risk factors (5-year OS: 96.5% vs. 88.6%, respectively; p = 0.040) (Supplementary Figure 2A). The same trend was not observed in patients with high-risk factors (5-year OS: 88.0% vs. 87.6%, dMMR vs. dMMR, respectively; p = 0.687) (Supplementary Figure 2B). Additionally, in this study, we analyzed the effect of adjuvant chemotherapy on the 5-year OS rate of stage II colon cancer in different risk factor groups. In the group with only one risk factor, adjuvant chemotherapy improved OS (5-year OS: 91.5% vs. 84.6%, with versus without adjuvant chemotherapy, respectively; p < 0.001). Similar findings were observed for patients with two or more risk factors (5-year OS: 84.2% vs. 73.5%, with versus without adjuvant chemotherapy, respectively; p < 0.001) (Figure 4B). Preoperative CEA and CA199 levels had effects on survival and prognosis in patients with stage II colon cancer (Figures 4C, D). Elevated preoperative CEA and CA199 levels were associated with the worst 5-year OS rates (81.5% for both; p < 0.001) (Figure 4E). Adjuvant chemotherapy significantly improved the survival rate of patients without high-risk factors and with both elevated preoperative CEA and CA199 (p = 0.018) (Figure 4F).




Figure 4 | Kaplan–Meier curves for the survival analysis in stage II colon cancer patients. The figures show OS according to different risk factors (A), adjuvant chemotherapy with different risk factors (B), preoperative CEA and CA199 levels (C–E), and adjuvant chemotherapy combined with elevated CEA and CA199 (F). OS, overall survival; CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 199.





Harvested LNs in stage II/III colon cancer and LNR

The National Comprehensive Cancer Network (NCCN) guidelines recommend that at least 12 LNs be examined after surgery (9). Our study analyzed how the number of harvested LNs affected 5-year OS. The 5-year OS rate was associated with a significantly different prognosis in patients with stage II colon cancer with different numbers of examined LNs (Figures 5A, B; 5-year OS: LNs > 12: 89.7%, LNs < 12: 84.6%; p < 0.001). However, there was no significant difference for patients with stage III colon cancer regarding the number of examined LNs (Figures 5C, D; 5-year OS: 69.9% vs. 69.7%, >12 LNs vs. <12 LNs, respectively; p = 0.72).




Figure 5 | Kaplan–Meier curves for the survival analysis according to the number of examined lymph nodes. The figures show OS in stage II colon cancer patients (A), stage III colon cancer patients (C), LNRs (E), and the 5-year OS rates of the three categories [(B, D, F), respectively]. OS, overall survival; LNR, lymph node ratio.



LNR was defined as the proportion of the number of positive LNs to the number of harvested LNs. In our previous study (10), 0.3 and 0.7 were determined as the best cutoff values for LNR. Therefore, we divided the patients in this study into four groups with cutoff values of 0, 0.3, 0.3–0.7, and 0.7; the respective 5-year OS rates were 89.2%, 71.5%, 55.8%, and 34.5% (Figures 5E, F). Furthermore, no clear survival difference was observed between adequate examined LNs (≥12 LNs) and inadequate examined LNs (<12 LNs) in the same LNR group (Supplementary Figure 3).



Construction of the nomogram

On the basis of the stepwise regression results, the model containing age, CEA, CA199, histology, pT stage, pM stage, LNR, perineural invasion, and adjuvant chemotherapy had the minimal AIC value in the training cohort. A nomogram for colon cancer was constructed based on the results of the final multivariable model. Figure 6A shows an example of using the nomogram to predict the survival probability of a given patient. In the training cohort, the AUC was 0.783 at 5 years (Supplementary Figure 4A), and the C-index was 0.759. The OS nomogram was validated internally, which indicated an AUC at 5 years of 0.713 (Supplementary Figure 4B) and a C-index of 0.703. Supplementary Figure 5 shows the bootstrapped calibration plots in the training and testing cohorts. The discrimination ability indicated that in the training as well as testing sets, the nomogram was better than the TNM 8th staging classification for predicting survival. In both the training and testing cohorts (Figures 6B, C), the time-dependent AUC was >0.7 for the prediction of OS within 5 years. The time-dependent C-index was >0.7 for the prediction of OS within 5 years in both the training and validation cohorts (Supplementary Figure 6). DCA curves showed that the nomogram was better at predicting 5-year OS compared with the TNM 8th staging classification (Figures 6D, E).




Figure 6 | Construction and validation of the nomogram. The nomogram for predicting 1-, 3-, and 5-year survival in colon cancer (A). A web-based tool based on the formulated nomogram is available at https://coloncancernomogram20220118.shinyapps.io/DynNomapp/. The time-dependent AUCs using the nomogram to predict 5-year overall survival probability in both the training and testing cohorts are shown in panels (B, C), respectively. Decision curve analysis of the nomogram and TNM 8th edition staging for the survival prediction of patients with colon cancer are also shown. The 5-year survival benefit in both the training and testing cohorts is shown in panels (D, E), respectively. For LNR, 0 indicates LNR = 0, 1 indicates LNR = 0–0.3, 2 indicates LNR = 0.3–0.7, and 2 indicates LNR >0.7. For the histology, 1 indicates adenocarcinoma, 2 indicates mucinous adenocarcinoma, and 3 indicates mixed cell adenocarcinoma. AUC, area under the curve; TNM, tumor-node-metastasis; LNR, lymph node ratio.






Discussion

In our study, the OS rates for stage I, II, III, and IV colon cancer were 96.6%, 88.7%, 69.9%, and 34.3%, respectively. Stage I and II survival rates were significantly higher than those for stage III and IV, which was consistent with previous studies (11). This difference might be related to tumor invasion and cell infiltration (12–14). To improve the survival of colon cancer patients, it is necessary to focus on prevention and early detection and treatment.

The key prognostic factors for colon cancer, especially the high-risk factor of stage II disease, have been a hot topic of research. The poor prognosis for stage II colon cancer has been confirmed to be associated with high-risk factors (15, 16). In our study, the presence of a higher number of high-risk factors was confirmed to be associated with worse OS based on the risk factor grouping. Additionally, adjuvant chemotherapy improved the survival rate in stage II patients with high-risk factors in our study. This is consistent with the results of earlier studies, including the QUASAR trial (17) and some retrospective analyses (18, 19). The recommendation that patients with stage II colon cancer with high-risk factors should receive postoperative adjuvant chemotherapy is also consistent with the current guidelines (20). Previous studies have shown that stage II patients with dMMR have a better prognosis than stage II patients with pMMR. However, another study indicated that pMMR should not be the only risk factor considered when determining whether to administer adjuvant chemotherapy in patients with stage II colon cancer or not (21).

The prognostic role of CEA and CA199 in predicting survival in colon cancer patients has been frequently studied; however, there is currently no reliable evidence confirming this role (22). Our study found that preoperative CEA and CA199 levels were independent prognostic factors in colon cancer. Elevated preoperative CEA and CA19-9 levels were significantly associated with worse OS. Furthermore, patients with both elevated CEA and CA199 levels had the worst 5-year OS rate. The same results were seen in stage II colon cancer patients. In a recent study, researchers found that CEA and CA199 were independent predictors of colon cancer recurrence and survival (23). However, there is no randomized controlled trial to evaluate whether adjuvant chemotherapy should be recommended for stage II patients without high-risk factors and with both elevated preoperative CEA and CA199. Our findings suggested that high preoperative levels of CEA and CA199 significantly affected the prognosis and survival of stage II colon cancer patients and that these factors can be high-risk factors for the need for chemotherapy in stage II colon cancer. This finding agrees with the results of a retrospective analysis by Thirunavukarasu et al. (24). There are also other clinical or pathological factors that significantly affect prognosis and survival in stage II patients.

Another issue that we evaluated in this study was the number of LNs examined. Pathological N staging reflects a strong association between the number of positive LNs and survival (6, 25). Notably, in this study, the 5-year OS rate for stage II patients with an insufficient number of harvested LNs (< 12) was 84.6%, while the 5-year OS rate for patients with a sufficient number of harvested LNs was 89.7%. However, there was no similar trend regarding LNs in stage III patients. This means that an insufficient number of LNs were examined, resulting in undetected positive LNs, especially in patients with stage II colon cancer. To avoid missing positive LNs, the NCCN guidelines recommend that the number of LNs collected should be more than 12 (9), which was further validated in our study.

A growing number of studies have shown that LNR is associated with prognosis, and that this ratio can be used as an independent prognostic tool to assess the prognosis of colon cancer patients (26, 27). However, currently, the optimal cutoff value for LNR is controversial. In our previous study, an information gain method was developed to redefine the cutoff value for LNR. The thresholds were 0, 0–0.3, 0.3–0.7, and >0.7. The study was based on a large sample of the Surveillance, Epidemiology and End Results database (SEER) to redefine the cutoff value for LNR (10). The thresholds of LNR were proved to be better than the previously reported studies (28, 29). Based on thresholds of 0, 0.3, and 0.7, the respective 5-year OS rates were 89.2%, 71.5%, 55.8%, and 34.5% in our study. There were different pN stages in each LNR group. In the LNR (0.3–0.7) group, we found that patients with pN1 stage colon cancer had worse 5-year OS than patients with pN2 stage cancer. Further observations showed that less than 12 LNs examined led to an underestimation of the pN stage. Moreover, the predictive effect of LNR was independent of the number of LNs examined, and other studies have found similar results (30, 31).

In this study, we developed and validated a nomogram for the postoperative individualized prediction of survival in colon cancer patients. The nomogram incorporates age, CEA, CA199, histology, pT stage, pM stage, LNR, perineural invasion, and adjuvant chemotherapy. Integrating the clinical and pathological risk factors into a convenient nomogram helps predict postoperative survival. It is important to perform an accurate risk stratification for patients with cancers such as colon cancer because the prognosis may be heterogeneous (32, 33). Nomograms may afford a more individualized method to provide prognostic information for patients compared with the TNM staging system. Compared with the TNM staging system, our nomogram had better performance for risk stratification of the prognosis of patients undergoing radical colon cancer surgery, with better AUC values and C-index.



Conclusions

TNM staging is indispensable for postoperative survival assessment of colon cancer and for determining whether postoperative adjuvant therapy is needed. Our results showed that elevated preoperative CEA and CA199 levels are poor prognostic factors in patients with colon cancer. Preoperative CEA and CA199 elevations should be considered as risk factors in stage II colon cancer patients. We propose that stage II colon cancer patients without high-risk factors and with both ele-vated preoperative CEA and CA199 should receive adjuvant therapy. Future randomized controlled trials to evaluate the role of adjuvant chemotherapy in these patients are needed. To avoid missing positive LNs and subsequent inadequate staging of LNs metastases, it is recommended that at least 12 lymph nodes be examined. LNR can be used as a supplement to pN staging when the number of LNs examined is insufficient. The nomogram described in this study predicted the survival of colon cancer patients better than that when using the TNM system.

Our study was a retrospective study performed in a single center. Although the study involved a large data sample, a study of colon cancer diagnosis, surgery, and postoperative treatment from a single center has limitations that may lead to selection bias. Hopefully, more data from multiple centers and larger samples will lead to more convincing conclusions.
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