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Objective

This study endeavored to explore the optimal treatment strategy and conduct a prognostic analysis for patients diagnosed with pT4M0 (pathologic stage T4) colon adenocarcinoma (COAD).





Methods and materials

A total of 8,843 patients diagnosed with pT4M0 COAD between January 2010 and December 2015 were included in this study from the Surveillance, Epidemiology, and End Results (SEER) database. These patients were randomly divided into a training set and an internal validation set using a 7:3 ratio. Variables that demonstrated statistical significance (P<0.05) in univariate COX regression analysis or held clinical significance were incorporated into the multivariate COX regression model. Subsequently, this model was utilized to formulate a nomogram. The predictive accuracy and discriminability of the nomogram were assessed using the C-index, area under the curve (AUC), and calibration curves. Decision curve analysis (DCA) was conducted to confirm the clinical validity of the model.





Results

In the entire SEER cohort, the 3-year overall survival (OS) rate (74.22% vs. 63.20%, P<0.001) and the 3-year cancer-specific survival (CSS) rate (76.25% vs. 66.98%, P<0.001) in the surgery combined with postoperative adjuvant therapy (S+ADT) group surpassed those in the surgery (S) group. Multivariate COX regression analysis of the training set unveiled correlations between age, race, N stage, serum CEA (carcinoembryonic antigen), differentiation, number of resected lymph nodes, and treatment modalities with OS and CSS. Nomograms for OS and CSS were meticulously crafted based on these variables, achieving C-indexes of 0.692 and 0.690 in the training set, respectively. The robust predictive ability of the nomogram was further affirmed through receiver operating characteristic (ROC) and calibration curves in both the training and validation sets.





Conclusion

In individuals diagnosed with pT4M0 COAD, the integration of surgery with adjuvant chemoradiotherapy demonstrated a substantial extension of long-term survival. The nomogram, which incorporated key factors such as age, race, differentiation, N stage, serum CEA level, tumor size, and the number of resected lymph nodes, stood as a dependable tool for predicting OS and CSS rates. This predictive model held promise in aiding clinicians by identifying high-risk patients and facilitating the development of personalized treatment plans.
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1 Introduction

Colon adenocarcinoma (COAD) ranks among the most prevalent malignant tumors of the digestive system. Global statistics from 2018 reveal an alarming incidence, with over 1.8 million new cases of colon cancer reported, constituting 10.2% of all cancer cases. This malignancy, standing as the second most common cancer worldwide, follows closely behind lung and breast cancer. Furthermore, the associated mortality figures are equally concerning, with over 840,000 deaths attributed to colon cancer, accounting for 9.2% of all cancer-related deaths (1).

In the secondary analysis of global cancer statistics for 2020, colon cancer maintains its significant impact, ranking second in incidence and fifth in mortality within China (2). Despite advancements in systemic therapy that have contributed to a decline in the incidence of distant metastasis in colon cancer, postoperative local recurrence rates remain notable, ranging between 10% and 40% (3). This underscores the imperative for effective postoperative local treatments, such as radiotherapy (4, 5). Traditionally, adjuvant radiotherapy is not routinely recommended for COAD and is typically reserved for specific clinical scenarios, including locally advanced disease (pT4) and/or positive margins (6). However, due to the limited utilization of radiotherapy in clinical practice and the scarcity of comprehensive clinical trials, the therapeutic efficacy of radiotherapy in COAD remains uncertain (7).

Recent updates in the 2020 NCCN guidelines mark a subtle expansion in the indications for adjuvant radiotherapy. Remarkably, individuals with a confirmed postoperative T4 stage with fixation are currently being contemplated for radiotherapy, albeit with a class II recommendation. Nevertheless, the influence of adjuvant radiotherapy on the overall prognosis of patients with COAD remains elusive.

In light of this, our retrospective study utilized the Surveillance, Epidemiology, and End Results (SEER) database to analyze the survival outcomes of patients with pT4M0 COAD who underwent various treatment modalities. The study aimed to elucidate prognostic factors influencing the outcomes of these patients and, subsequently, construct and validate nomograms to predict overall survival (OS) and cancer-specific survival (CSS).




2 Materials and methods



2.1 Study population

The inclusion criteria for patients in the SEER database search were as follows (1): patients diagnosed with COAD as their initial malignancy between January 2010 and December 2015 (2); T4 and M0 staging according to the American Joint Committee on Cancer 7th Edition Staging System (3); definitive cause of death and treatment details, including initial surgery or external radiotherapy, with or without chemotherapy; and (4) survival time of at least 1 month. Ultimately, this study included 8,843 patients with stage pT4M0 COAD. All treatments, including surgery, radiotherapy, and chemotherapy, were administered as the initial treatment upon diagnosis.




2.2 Treatment groups

All patients underwent surgery. Patients exclusively undergoing surgery were included in the S group. Patients receiving postoperative adjuvant radiotherapy were included in the S+R group. Those receiving postoperative adjuvant chemotherapy were included in the S+C group. Patients undergoing postoperative adjuvant chemoradiotherapy were included in the S+R+C group. For subsequent analysis convenience, the S+R group, S+C group, and S+R+C group were combined into the surgery with the postoperative adjuvant therapy (S+ADT) group.




2.3 Statistical analysis

The study delineated OS as the duration from randomization to death from any cause. CSS was specifically defined as the duration from randomization to death caused by COAD. OS was designated as the primary endpoint, with CSS serving as the secondary endpoint.

The statistical analysis was performed using SPSS 26.0 and R-Software 4.1.2, and graphs were generated through R packages, including ‘survival,’ ‘timeROC,’ ‘ggDCA,’ ‘dplyr,’ and ‘rms.’ Pearson’s chi-square test was employed to compare the characteristics of different treatment groups. Univariate and multivariate analyses utilized COX proportional hazards models to assess and compare the prognostic significance of clinicopathologic variables on OS and CSS rates.

The Kaplan-Meier method, followed by a log-rank test, was employed to analyze survival curves. Variables found significant in the univariate analysis were included in the multivariate analysis to construct the nomogram. Statistical significance was set at P < 0.05.

The accuracy of the nomogram was evaluated using the C-index, receiver operating characteristic (ROC) curve, and calibration curve. Clinical usefulness and benefits were estimated using decision curve analysis (DCA) plots. Additionally, using risk score and X-tile software version 3.6.1 (Yale University, New Haven, CT), patients were stratified into low-, intermediate-, and high-risk groups.





3 Results



3.1 Patient characteristics

We identified 10,041 patients diagnosed with pT4M0 colon cancer between January 2010 and December 2015 from the SEER database. Exclusions were applied to 649 patients with a pathological type other than adenocarcinoma, 491 based on treatment modality, and 59 with a survival period of less than 1 month. This resulted in a final cohort of 8,843 patients for the current analysis. The entire SEER cohort was randomly divided into training and validation sets in a 7:3 ratio, and summarized characteristics are provided in Table 1.


Table 1 | Clinical data of the study subjects.



In the total SEER cohort, the median survival for the overall population was 49 (1–119) months, with 1-, 3-, and 5-year OS rates of 86.63%, 68.97%, and 61.19%, respectively. Corresponding CSS rates were 87.89%, 71.83%, and 65.01%. Within the S+C and S+R+C groups, 1-, 3-, and 5-year OS rates were 92.47% vs. 94.56%, 74.41% vs. 73.11%, and 65.16% vs. 64.95%, respectively. For CSS, the rates were 93.08% vs. 95.17%, 76.39% vs. 75.83%, and 61.89% vs. 70.09%. Survival curves for the S+C and S+R+C groups (Figures 1A, C) were similar and superior to those in the S group. Due to limited cases in the S+R and S+R+C groups, they were combined into the S+ADT group. The 1-year OS rate for the S+ADT group was 92.48%, compared to 80.21% in the S group. At 3 years, the rates were 74.22% vs. 63.20%, and at 5 years, 65.06% vs. 56.94%, all significantly better in the S+ADT group (P<0.01). The 1-, 3-, and 5-year CSS rates (93.09%, 76.25%, and 68.13%) in the S+ADT group surpassed those in the S group (Figure 1). These findings strongly supported the recommendation of surgery with postoperative adjuvant therapy for pT4M0 COAD.




Figure 1 | (A–D) Survival rates for T4M0 COAD patients grouped by treatment throughout the cohort. (A) OS rates between four groups (B) OS rates between S and S+ ADT groups (C) CSS rates between four groups (D) CSS rates between S and S+ADT groups.






3.2 Independent prognostic predictors of OS and CSS

Univariate COX regression analysis during training revealed significant influences on OS, including age, race, primary site, degree of differentiation, N stage, serum carcinoembryonic antigen (CEA), tumor size, and number of lymph nodes resected. Similarly, age, race, primary site, gender, degree of differentiation, N stage, serum CEA, tumor size, and the number of lymph nodes resected were associated with CSS (Table 2). In a multifactorial COX regression analysis adjusting for covariates, independent predictors of both OS and CSS included age, race, differentiation grade, N stage, serum CEA, tumor size, and the number of resected lymph nodes (Table 3).


Table 2 | Univariate COX regression analysis of OS and CSS.




Table 3 | Multivariate COX regression analysis of OS and CSS.






3.3 Construction and validation of the nomogram

Nomograms for OS and CSS were developed using independent predictors identified through multifactorial COX regression analysis in the training set (Figure 2). The nomograms highlighted race as the most significant factor impacting OS, followed by N stage, treatment modality, number of resected lymph nodes, age, tumor size, serum CEA levels, and degree of differentiation. Similarly, for CSS, race emerged as the foremost influential factor, succeeded by N stage, number of resected lymph nodes, age, tumor size, treatment modality, degree of differentiation, and serum CEA levels. The R2 values for the OS and CSS models were 0.148 and 0.134, respectively (Supplementary Table 4).




Figure 2 | (A, B) Nomogram for predicting OS and CSS of patients with PT4M0 COAD. (A) Nomogram for predicting 1-, 3-, and 5-year OS; (B) Nomogram for predicting 1-, 3-, and 5-year CSS.



The C-index values for predicting OS and CSS in the training set were 0.692 and 0.690, respectively. In the internal validation set, these values improved to 0.703 and 0.708, respectively (Figure 3), indicating commendable accuracy. The area under the curve (AUC) for 1-, 3-, and 5-year OS in the training set was 0.78, 0.74, and 0.72, respectively. In the validation set, these figures were 0.80, 0.75, and 0.73, respectively. As for CSS, the AUC for 1-, 3-, and 5-year OS in the training set was 0.78, 0.73, and 0.72, respectively. In the validation set, these AUCs were 0.80, 0.76, and 0.74, respectively.




Figure 3 | (A–D) ROC Curve of OS and CSS of Training Group and Validation Group. (A) Training Group OS; (B) Validation Group OS; (C) Training Group CSS; (D) Validation Group CSS.



Calibration curves for predicting 1-, 3-, and 5-year OS and CSS exhibited no deviation from the 45-degree diagonal lines in both the training set and the validation set (Figures 4, 5), signifying a high level of agreement between predicted and observed outcomes. Clinical DCA confirmed the robust clinical applicability of the nomograms in predicting 1-, 3-, and 5-year OS and CSS in both the training set (Figure 6) and the validation set (Figure 7).




Figure 4 | (A–F) Calibration curves of training group 1-, 3-, and 5-year OS and CSS. (A) Training group 1-year OS; (B) Training group 3-year OS; (C) Training group 5-year OS; (D) Training group 1-year CSS; (E) Training group 3-year CSS; (F) Training group 5-year CSS.






Figure 5 | (A-F) Calibration curves of validation group 1-, 3-, and 5-year OS and CSS. (A) Validation group 1-year OS; (B) Training group 3-year OS; (C) Validation group 5-year OS; (D) Validation group 1-year CSS; (E) Validation group 3-year CSS; (F) Validation group 5-year CSS.






Figure 6 | (A–F) Decision curves of training group 1-, 3-, and 5-year OS and CSS. (A) 1-year OS; (B) 3-year OS; (C) 5-year OS; (D) 1-year CSS; (E) 3-year CSS; (F) 5-year CSS.






Figure 7 | (A–F) Decision curves of validation group 1-, 3-, and 5-year OS and CSS (A) 1-year OS; (B) 3-year OS; (C) 5-year OS; (D) 1-year CSS; (E) 3-year CSS; (F) 5-year CSS.



In conclusion, risk scores, computed through the nomogram, facilitated effective risk stratification. Patients were stratified into three risk subgroups based on cutoff values determined by X-tile software. For the OS nomogram, patients fell into low risk (points ≤ 176.28), intermediate risk (176.28 < points ≤ 236.60), and high risk (points > 236.60) categories. Similarly, the CSS nomogram classified patients into three risk categories: low risk (points ≤ 178.67), intermediate risk (178.67 < points ≤ 245.69), and high risk (points > 245.69). Kaplan-Meier survival curves depicted distinct differentiation among the various risk subgroups (Figure 8).




Figure 8 | (A–D) Kaplan-Meier OS and CSS survival curves for different risk groups in the training and validation groups. (A) Training group of OS; (B) Validation group of OS; (C) Training group of CSS; (D) Validation group of CSS.






3.4 Subgroup analysis

As depicted in Figure 9, Kaplan-Meier analysis of the treatment group within the pT4aM0 subgroup revealed a more favorable prognosis for the S+R group. Conversely, in the T4bM0 subgroup, Kaplan-Meier analysis demonstrated that the S+R group exhibited similar OS and CSS rates compared to the S group. This suggested that postoperative radiotherapy might confer greater benefits to patients with pT4aM0 COAD. Single and multiple COX regression analyses for OS and CSS were performed for various variables in the pT4aM0 and pT4bM0 subgroups, with results presented in Supplementary Tables 2A, B and Supplementary Tables 3A, B, respectively. Forest plots were generated to visualize the findings (Supplementary Figures 1, 2). The outcomes indicated that the S+C group derived benefits across all subgroups. However, a significant benefit was observed in the S+R+C group within the pT4bM0 subgroup, while no such benefit was evident in the pT4aM0 subgroup.




Figure 9 | (A–D) Kaplan-Meier Survival curves of OS and CSS for stage pT4aM0 and pT4bM0 COAD comparing different treatments. (A) pT4aM0 group of OS; (B) pT4aM0 group of CSS; (C) pT4bM0 group of OS; (D) pT4bM0 group of CSS.







4 Discussion

The primary recommended treatment for pT4M0 COAD currently involves surgery followed by adjuvant chemotherapy, with adjuvant radiotherapy not considered a standard approach. Early studies (8, 9) indicating improved local control and disease-free survival (DFS) through radiotherapy in locally advanced COAD date back to the 1980s and 1990s. While many studies suggest enhanced survival with postoperative radiation therapy, the absence of supportive phase III trials has limited its acceptance for COAD. Notably, the only randomized controlled phase III trial has failed to establish a role for adjuvant radiotherapy (10).

The prognostic impact of radiotherapy on COAD remains unclear, and its application is generally discouraged in clinical practice. Owing to the limited availability of clinical data, prior studies in this domain often resort to analyzing information from large public databases such as the National Cancer Database (NCDB) and the SEER databases (11–14).

In this study, we conducted a Kaplan-Meier survival a0alysis for the S group, S+C group, S+R group, and S+R+C group, revealing a significant difference (P<0.05). Notably, the S+R+C group exhibited the highest OS rate and CSS rate. The S+C group demonstrated the second-highest rates, while the S group had the lowest rates. However, survival analysis between the S+C and S+R+C groups did not reveal statistically significant differences. A phase III trial has indicated similar OS and DFS for patients receiving chemotherapy, with higher toxicity observed in those undergoing single chemoradiotherapy (10).

Several studies, have investigated the progression of COAD, suggesting that the critical period for progression often occurs within 3 years post-surgery (15, 16). Our study aligned with these findings, revealing a 3-year OS of 68.97% and a 1-year OS of 86.63% for patients with pT4M0 COAD. The 3-year CSS was 71.83%, and the 1-year CSS was 87.89%.

The determinants of prognosis for COAD remain inconclusive, with varied results across studies. Wang et al. (17) have emphasized the significance of the tumor primary site, T stage, and serum CEA level, while Vergara-Fernandez et al. (18) have underscored the importance of the number of resected lymph nodes and nerve invasion. This complexity suggests that the recurrence of COAD metastasis is likely influenced by multiple and intricate factors.

To predict OS and CSS, we constructed nomograms based on multifactorial COX regression analysis, incorporating factors such as age, race, degree of differentiation, N stage, serum CEA levels, tumor size, and the number of resected lymph nodes. Validation was performed using calibration curves, ROC curves, and DCA, with further confirmation from an independent validation group.

Our findings revealed that age independently impacted prognosis, with 52.87% of patients aged ≥75 years in the entire SEER cohort. Patients in this age group faced a more than twofold higher risk of death compared to those aged <50 years (HR = 1.943, 95% CI: 1.662-2.272, P < 0.001), likely associated with poorer health status and a higher prevalence of comorbidities, consistent with previous studies (5, 6, 11, 19).

Serum CEA level was routinely used as an indicator for diagnosing and monitoring COAD (20–22). In our study, elevated serum CEA emerged as an independent risk factor for prognosis (HR = 1.319, 95% CI: 1.186-1.466, P = 0.000). Although serum CEA levels can rise in various malignant tumors and inflammatory or degenerative diseases, our study supported its role as an independent prognostic factor.

N stage, reflecting the extent of local advancement, was a significant prognostic factor. Patients with stage N1 faced a 1.611 times higher risk of death than those with stage N0 (95% CI: 1.455-1.875, P = 0.000), while stage N2 patients had a 2.67 times higher risk (95% CI: 2.394-2.977, P = 0.000). The number of resected lymph nodes, with a threshold of 12, influenced prognosis, with better outcomes for patients with ≥12 lymph nodes resected compared to those with <12 (P < 0.001, 95% CI: 0.455-0.560), consistent with prior studies (4, 18, 23, 24).

Tumor size ≥5 cm was associated with a 1.145 times higher risk of death than sizes <5 cm (95% CI: 1.048-1.25, P = 0.003). Pathopathological grades III and IV carried a higher risk of death compared to grade I (HRs: 1.299 vs. 1.555, P < 0.05), while the risk in grade II, though higher than grade I, did not reach statistical significance (P = 0.655).

In contrast to previous analyses of COAD prognosis, this study focused on a survival analysis of the treatment modality. While the radiotherapy group had a relatively small number of cases in the survival analysis, there was only a slight difference in the distribution of baseline clinical characteristics of the data (P>0.05), and therefore, propensity score matching (PSM) was not performed.

Acknowledging certain limitations in our study is essential. Being a retrospective study, it is susceptible to selection bias between groups. First, the information in the SEER database, collected by a single center, did not provide insight into whether patients received subsequent treatment at other facilities, potentially impacting their survival time. Second, the database lacked detailed information on factors such as physical status, CEA expression level, radiotherapy dose, chemotherapy regimen, and infiltration depth, which could enhance the accuracy of diagnostic and prognostic models. Third, the SEER database did not furnish comprehensive details about patients’ underlying diseases, such as severe coronary heart disease, liver and kidney diseases, or diabetes, which play a pivotal role in treatment decisions. Lastly, the patients included in the SEER database are predominantly from the United States, raising the question of the generalizability of the results to the Chinese population. Our study lacked Chinese patients for external validation. Notably, according to the modeling in this study, race independently influenced OS and CSS. Consequently, large-scale randomized controlled trials (RCTs) conducted in China are imperative to validate the potential benefits of postoperative adjuvant chemoradiotherapy.




5 Conclusion

For patients with COAD at the pT4M0 stage, the combination of surgery and adjuvant chemoradiotherapy demonstrated a significant extension of long-term survival. The nomogram, incorporating variables such as age, race, degree of differentiation, N stage, serum CEA level, tumor size, and the number of resected lymph nodes, stood as a reliable tool for predicting OS and CSS rates in this specific cohort. The utilization of this nomogram can prove instrumental for clinicians in identifying high-risk patients and formulating personalized treatment plans tailored to the unique characteristics of individuals with pT4M0 COAD.
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