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Background

The recurrence rate of T3N0 rectal cancer after total mesorectal excision (TME) is relatively low, meaning that not all patients need adjuvant therapy (AT) (radiotherapy, chemotherapy, or chemoradiotherapy).



Methods

Patients diagnosed with pT3N0M0 rectal cancer after TME were analyzed using the SEER database, of which 4367 did not receive AT and 2794 received AT. Propensity score matching was used to balance the two groups in terms of confounding factors. Cox proportional hazards regression analysis was used to screen independent prognostic factors, which were then used to establish a nomogram. The patients were then divided into three groups with X-tile software according to their risk scores. We enrolled 334 patients as external validation.



Results

The C-index of the model was 0.725 (95% confidence interval: 0.694–0.756). We divided the patients into three different risk layers based on the nomogram prediction scores, and found that AT did not improve the prognosis of low- and moderate-risk patients, while high-risk patients benefited from AT. External validation data also support the above conclusions.



Conclusion

This study developed a nomogram that effectively and comprehensively evaluates the prognosis of T3N0 rectal cancer patients after TME. After using the nomogram, we recommend AT for high-risk patients, but not for low- and moderate-risk patients.
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Background

Colorectal cancer is the third most common cancer and the second leading cause of cancer-related deaths worldwide, among which 2/3 of cases are colon cancer and 1/3 are rectal cancer (1, 2). Current guidelines recommend neoadjuvant chemoradiotherapy (NCRT) combined with total mesorectal excision (TME) and adjuvant therapy (AT) for locally advanced rectal cancer (RC); however, the treatment for patients with early-stage RC (T3NO) is controversial.

Although NCRT can bring better survival prognosis to RC patients, it also increases the incidence of late adverse events and postoperative complications (3, 4). Willem et al. (4) found that while NCRT reduced the local recurrence rate for resectable RC, it had no effect on overall survival (OS). Frasson et al. (5) found that T3NO RC patients did not benefit from NCRT. The local recurrence rate of T3NO RC patients is only approximately 10%. Therefore, it is now considered potentially more suitable to provide direct surgery combined with AT for patients with such low recurrence risk, thereby avoiding the side effects of overtreatment (6–10). The 5-year OS of T3N0 patients after surgery is 74–84%, and such a high survival rate means that not all patients (especially those who underwent complete radical resection) will benefit from AT. T3N0 patients’ local recurrence rate is only 3.6% after TME (9, 11). Due to the lack of randomized controlled trials (RCTs) of AT in T3N0 patients, this study focused on the clinical effect of AT in T3N0 patients at high-risk of recurrence after TME without NCRT.

This study analyzed clinicopathological factors from the SEER database and evaluated the prognosis of patients with T3N0 RC. Furthermore, the patients were divided into low-, moderate-, and high-risk groups according to a novel nomogram score to select the population that could most benefit from AT.



Method


Patient Cohort

SEER*Stat (version 8.3.6) software was used to search 7161 patients with pT3N0M0 RC diagnosed from 2004 to 2016. The inclusion criteria were (1): pathologically diagnosed RC (ICD-O-3: C19.9, C20.9) (2); complete follow-up and survival data (3); no NCRT (4); underwent TME; and (5) primary RC. Finally, the patients were divided into two groups according to whether they received AT: the non-AT group (n=4367) and the AT group (n=2794). The included clinicopathological variables were: age, sex, race, marital status, tumor grade, size, primary site, histology, lymph nodes retrieved, carcinoembryonic antigen (CEA) level, tumor deposits, perineural invasion, radiotherapy and chemotherapy information, and survival information. Patients were further excluded if information for the above variables was unknown.

The external validation group include 334 pT3N0M0 RC patients at our center between 2008 and 2013. The inclusion criteria and clinicopathological variables were the same as for the SEER group.



Statistical Analysis

Associations of clinicopathological factors with the two groups were analyzed by the chi-square test. To balance potential confounding biases of the included cases, only significant clinicopathological factors according to the chi-square test were included in the propensity score matching (PSM). The non-AT group and the AT group were subjected to nearest neighbor matching according to 1:1 (12). Survival analysis was performed by the Kaplan–Meier method and the log-rank test.



Establishing the Nomogram

First, univariate and multivariate COX analyses were performed to find correlations between the clinicopathological variables and OS in the non-AT group. Next, significant variables according to Cox multivariate analysis (P<0.05) were included to establish a nomogram. The effectiveness of the nomogram was tested by determining it discriminatory ability by the concordance index (C-index) (13); we also compared the C-index of the nomogram, lymph nodes retrieved, and CEA to evaluate the clinical effectiveness of the model. The calibration curve intuitively displays the consistency between the predicted survival rate and the actual survival data. Decision curve analysis (DCA) was used to evaluate the net clinical benefit as compared with lymph nodes retrieved and CEA. According to the risk score of the nomogram, all cases from the two groups were divided into three groups (high-, moderate-, and low-risk) by X-tile software (14). SPSS 24.0 (IBM, Armonk, NY, USA) and R software (version 3.5.1) were used for the statistical analyses conducted in this study, with P<0.05 used to denote that the difference was statistically significant.




Results


Patient Demographics

Before PSM, a total of 7161 pT3N0M0 patients who completed TME were included, including 4,367 patients without AT and 2,794 patients with AT (Figure 1). The median survival was 59 months (range: 0–155) and the number of deaths was 2,632 (36.8%). Chi-square analysis showed that patients with AT were significantly correlated with age, sex, marital status, grade, tumor size, primary site, histology, lymphatic invasion, CEA, tumor deposits, and perineural invasion (all P<0.05). After including variables related to AT for the PSM, the final patient number was 5588, including 2794 patients in the non-AT group and 2794 patients in the AT group (Table 1). The median survival was 64 months (range: 0–155) and there were 1,859 deaths (33.3%).


Table 1 | Characteristics of patients.






Figure 1 | Flowchart of the selection process of included patients.



The prognosis of patients who received AT was better than that of the non-AT group (5-year survival rate: 79.9% vs. 66.8%, P<0.05, Figure 2A). After PSM, the prognosis of patients who received AT was still higher than that of the non-AT group (5-year survival rate: 79.9% vs. 71.0%, P<0.05, Figure 2B).




Figure 2 | The Kaplan-Meier curves of OS for patients in our study. (A) All patients; (B) Patients after PSM; (C) OS in different subgroups of all patients; (D) OS in different subgroups of non-AT group; (E) OS in different subgroups of AT group; (F) OS for patients with or without AT in low risk group; (G) OS for patients with or without AT in moderate risk group; (H) OS for patients with or without AT in high risk group.





Nomogram Construction

A COX hazards ratio model for patients without AT was constructed (Table 2), and univariate analysis showed that age, sex, race, marital status, tumor grade, size, primary site, histology, lymph nodes retrieved, CEA, tumor deposits, and perineural invasion were correlated with OS (all P<0.05). Next, these variables were included in the multivariate analysis, which showed that age, sex, race, marital status, tumor grade, size, primary site, lymph nodes retrieved, and CEA were independent prognostic factors (P<0.05). Based on these results, a nomogram was constructed to predict the 3- and 5-year survival rates of T3N0 RC after TME (Figure 3).


Table 2 | The univariate and multivariate analyses of factors associated with overall survival.






Figure 3 | Oncologic nomogram for T3N0 rectal cancer patients after TME.





Testing the Effectiveness of the Nomogram

A nomogram incorporating the above nine risk factors was constructed to judge the prognosis T3N0 RC and had a C-index of 0.725 [95% confidence interval (CI): 0.694–0.756], which is significantly higher than the C-index of prognosis judged by lymph nodes retrieved and CEA [0.581 (95% CI: 0.550–0.612) and 0.547 (95% CI: 0.514–0.580), respectively]. The calibration curve of the 3- and 5-year OS nomogram showed that the predicted survival probability was consistent with the actual survival probability. The net benefits of the nomogram for different decision thresholds were higher than those of the lymph nodes retrieved and CEA system (Figure 4).




Figure 4 | Calibration curves and decision curve for OS prediction: (A) 3-year OS calibration curve in our cohort; (B) 5-year OS calibration curve in our cohort; (C) Nomogram were compared to the lymph nodes retrieved and CEA in terms of 3-year OS in our decision curve analysis; (D) Nomogram were compared to the lymph nodes retrieved and CEA in terms of 5-year OS in our decision curve analysis.





Overall Patient Risk Stratification System

Next, we calculated risk scores for each patient in the two groups with the nomogram (Table 3) and used X-tile software to take two cut-off values that divided the patients into three risk groups (Figure 5), a low-risk group (score ≤146, n=1331), a moderate-risk group (score 147–177, n=1331), and a high risk-group (score ≥178, n=2926). Five-year survival rates for the low-, moderate-, and high-risk groups were 91.2%, 86.6%, and 63.8%, respectively, which were statistically significant differences (P<0.001, Figure 2C).


Table 3 | Point assignment of each component and prognostic score for T3N0 rectal cancer.






Figure 5 | X-tile analysis for risk stratification: (A) The optimal cut-off value; (B) Numbers of patients in low, moderate and high risk subgroups.



We also divided the non-AT group into three groups using the current scoring system, a low-risk group (n=652), moderate-risk group (n=596), and high-risk group (n=1546). Five-year survival rates of these groups were 91.8%, 87.5%, and 56.4%, respectively, which were statistically significant differences (P<0.01, Figure 2D). In the AT group, the 5-year survival rates of the low- (n=679), moderate- (n=735), and high-risk (n=1380) groups were 90.7%, 85.9%, and 71.8%, respectively, which were statistically significant differences (P<0.01, Figure 2E).



Evaluating the Efficiency of AT for Patients in Different Groups

We further investigated the benefit of AT in patients with different risk stratification (Table 4). The results showed that patients in the low-risk group did not benefit from AT (hazard ratio [HR]: 0.89, 95% CI: 0.65–1.21, P>0.05, Figure 2F). Patients in the moderate-risk group also did not benefit from AT (HR: 1.04, 95% CI: 0.81–1.32, P>0.05, Figure 2G). In contrast, patients in the high-risk group benefited from AT (HR: 0.61, 95% CI: 0.54–0.67, P<0.001, Figure 2H).


Table 4 | Risk stratification in non-AT and AT group.





Evaluating the Efficiency of AT for Patients in the External Validation Group

The external validation group included 216 patients without AT and 118 patients with AT. The median survival was 83 months (range: 0–396) and the number of deaths was 192 (57.5%). The prognosis of patients who received AT was better than that of the non-AT group (5-year survival: 61.6% vs. 75.3%; P<0.001) (Figure S1A). According to the above scoring system, the external validation group were also divided into low, moderate, and high-risk groups. Five-year survival rates of all patients for the low-, moderate-, and high-risk groups were 92.1%, 87.4%, and 55.9%, respectively (Figure S1B). Five-year survival rates of non-AT group for the low-, moderate-, and high-risk groups were 83.3%, 86.5%, and 52.6%, respectively (Figure S1C). Five-year survival rates of AT group for the low-, moderate-, and high-risk groups were 100.0%, 88.8%, and 63.2%, respectively (Figure S1D).

The results showed that external validation group in the low-risk group did not benefit from AT (hazard ratio [HR]: 0.45, 95% CI: 0.05–4.33, P>0.05, Figure S1E). Patients in the moderate-risk group also did not benefit from AT (HR: 0.47, 95% CI: 0.19–1.16, P>0.05, Figure S1F). In contrast, patients in the high-risk group benefited from AT (HR: 0.63, 95% CI: 0.46–0.88, P=0.01, Figure S1G).




Discussion

The postoperative recurrence rate of RC is as high as 40%, and the 5-year survival rate is not greater than 50% (15). TME reduces the local recurrence rate to less than 10% and increases the cancer-free survival rate to more than 70% (16, 17). Although NCRT significantly reduces the local recurrence rate to less than 7%, patients’ 5-year distant metastasis rate still exceeds 20%. The adverse reactions of NCRT may lead to a decline in quality of life and a financial burden, and delay follow-up treatment, which may lead to shorter life expectancy (18–21). For T3N0 patients with relatively low recurrence rates, the application of NCRT is controversial. A German study showed that there was no significant difference in 10-year OS (59.6% vs. 59.9%, P=0.85) between the NCRT group and the adjuvant radiotherapy group, and there was no difference in the distant metastasis rate between the two groups (29.8% vs. 29.6%, P=0.9) (22). Thus, NCRT may not be the best treatment; direct TME surgery can obtain a good prognosis and a lower postoperative recurrence rate, and TME plus AT may be an ideal treatment for patients with a higher risk of recurrence. Our study used a large sample database to screen factors that were associated with the prognosis of T3N0 patients, and then developed a nomogram to evaluate the risk score of patients and guide their AT accurately and individually.

There is still no unified view of the prognosis of young RC patients. Some studies have shown that young patients have histopathological features such as late onset, aggressive disease, and worse prognosis than older patients (23–28). But there is also a view that older patients have poor prognosis (29–31), which suggests that age is a controversial prognostic factor in RC. Our study found that patients ≥65-years old had a poor prognosis (HR: 3.42, 95% CI: 2.97–3.94, P<0.001). One possible reason is that older patients are less sensitive to sensation, which makes the clinical manifestations of RC in the elderly more atypical and easier to ignore, resulting in later staged disease in many older patients. In addition, the proportion of the elderly who have received radical surgery is low, due to the poor tolerance to surgery and a large number of comorbidities, leading to a higher incidence and mortality of perioperative diseases in the elderly and a poor prognosis.

Studies have shown that colorectal cancer incidence is higher in men than in women, which may be associated with estrogen levels. Young and middle-aged women with higher estrogen levels have a decreased risk of colorectal cancer risk, and the cumulative protection of higher estrogen levels can be extended up to 20 to 25 years after menopause (32–34). Our study was consistent with the literature in that female patients had a better prognosis (HR: 0.75, 95% CI: 0.66–0.86, P<0.001) (35).

Pulte et al. (36) found that blacks and Indians had worse outcomes than whites, which is consistent with our results. Our study found that the prognosis of unmarried patients was worse than that of married patients, consistent with previous studies (37–39), which may be related to the lower proportion of unmarried patients participating in RC screening, lower enthusiasm for treatment, and lower proportion of patients receiving surgery and AT.

Currently, serum CEA is the most important tumor marker applied in clinical colorectal cancer management. Serum CEA levels can predict the prognosis and recurrence of colorectal cancer, and the later the disease stage is, the higher serum CEA levels are, and increased CEA is correlated with poor tumor differentiation (40–42). Our study also found that CEA (HR: 1.40, 95% CI: 1.19–1.64, P<0.001) and poor tumor differentiation (HR: 1.27, 95% CI: 1.07–1.51, P=0.006) are poor prognostic factors for T3N0 RC.

Tumor size is related to the time of tumor existence, invasion, and distant metastasis, and therefore, also to poor prognosis (43). Our study found that the prognosis of tumors ≥3 cm was worse (HR: 1.48, 95% CI: 1.20–1.82, P<0.001). As the boundary between the colon and rectum, rectosigmoid junction cancer may be different from RC and colon cancer in terms of pathogenesis, treatment, and prognosis. It is generally believed that the prognosis of diploid DNA tumors is better than that of aneuploid tumors. Diploid status was more common in proximal colorectal cancer than in distal colorectal cancer. The benefit of 5-FU treatment is greater for proximal colorectal cancer, but less for distal colorectal cancer. Therefore, from proximal colorectal cancer to distal colorectal cancer to RC, the prognosis of patients is gradually worse (44). Our study also confirmed that the prognosis of RC was worse than that of rectosigmoid junction cancer (HR: 1.19, 95% CI: 1.05–1.36, P=0.007).

The number of lymph nodes retrieved after surgery is closely related to the postoperative pathological stage of RC patients. Retrieving few lymph nodes may be related to an insufficient degree of lymph node dissection during surgery, and even lead to lymph nodes that are positive in the surgical area are not dissected, which affects prognosis. It is suggested in the guidelines that at least 12 lymph nodes should be detected to ensure that there is no bias in staging (45, 46). There is already evidence that in patients with lymph node-negative colorectal cancer, a higher number of lymph nodes retrieved is associated with prognosis (47). Many studies have found that in stage II/III colorectal cancer, the prognosis of patients with <12 lymph nodes retrieved is worse than that of patients with >12 lymph nodes retrieved (48–51). Our study also found that the prognosis of patients with >12 lymph nodes retrieved was relatively better (HR: 0.64, 95% CI: 0.56–0.72, P<0.001). New lymph node staging indicators such as metastatic lymph nodes ratio, log odds of positive lymph nodes, negative lymph node count, and lymph node micrometastasis may predict prognosis more accurately (52–56).

Our nomogram of multiple prognostic factors was established through large sample data and more comprehensively incorporates factors that affect the prognosis of T3N0 than the number of lymph nodes retrieved [C-index: 0.581 (95% CI: 0.550–0.612)], and CEA [C-index 0.547 (95% CI: 0.514–0.580)], and our nomogram [C-index: 0.725 (95% CI: 0.694–0.756)] better predicts the 3- and 5-year survival rates of T3N0 RC. We applied DCA to further confirm that the nomogram was superior to the number of lymph nodes retrieved and CEA in predicting the OS of T3N0 RC patients after TME.

Whether T3N0 RC can benefit from AT is controversial, and so far, no RCT has studied whether T3N0 RC can benefit from AT. Paula et al. (10) found that postoperative adjuvant chemotherapy had no survival benefit compared with patients without chemotherapy (HR: 0.88, 95% CI: 0.52–1.56, P=0.66). Kim et al. (57) found that the 5-year OS of patients receiving postoperative adjuvant chemotherapy was lower than that of patients without chemotherapy (79.3 vs. 83.0, P=0.92). However, Quinn et al. (9) found that postoperative chemotherapy (HR: 0.74, 95% CI: 0.62–0.89, P=0.001) and chemoradiotherapy (HR: 0.57, 95% CI: 0.50–0.65, P<0.001) improved the prognosis of patients compared with surgery alone. Our findings suggest that AT improved patient survival both before and after PSM. Because AT is often used in patients with poor prognostic factors, they benefit more from AT, resulting in the overall results showing that AT improves prognosis. However, this does not mean that all patients need AT, which requires us to select those who will really benefit from AT for precise and individualized treatment. Our nomogram comprehensively analyzed factors that influence the prognosis and recurrence of T3N0 RC, and scored the impact of each risk subgroup: low, moderate, and high. Moreover, in our non-AT and AT groups, there were obvious survival differences in the low-, moderate-, and high-risk subgroups, indicating that our risk stratification was reasonable and effective. To determine which subgroups of patients benefit from AT, we found that the 5-year survival rate of low-risk patients receiving AT was lower than that of patients without AT (90.7% vs. 91.7%, P>0.05), so we do not recommend AT for low-risk patients. The 5-year survival rate of patients with moderate risk who received AT was lower than that of patients without AT (85.9% vs. 87.5%, P>0.05). We also do not recommend AT for such patients because the harm of AT for low and moderate risk patients exceeds the benefit. The 5-year survival rate of high-risk patients who received AT was higher than that of patients without AT (71.8% vs. 56.4%, P<0.001), we suggest that high-risk patients receive AT. Our external validation data also showed that low and moderate -risk patients did not benefit from AT (P>0.05), while high-risk patients did (P<0.05).

This study has several limitations. This was a retrospective study, and some patients fail to be included in this study due to missing data, which may cause bias. Currently, there is no large-scale RCT study on whether T3N0 RC benefits from AT, and there is no prognostic survival nomogram that incorporates the above clinical pathological factors. The most important thing is that we use this nomogram to stratify the risk of patients, which is of great significance for individualized guidance of clinical AT, as was the goal of this work.



Conclusion

Age, sex, race, marital status, tumor grade, size, primary site, lymph nodes retrieved, and CEA are independent prognostic factors for T3N0 RC patients after TME. Through our innovative risk score stratification, we recommend high-risk patients receive AT, while AT is not recommended for low- and moderate-risk patients.
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264 (9.4)

24(0.9)

1731 (62.0)
421 (15.1)
642 (22.9)

2395 (85.7)
327 (11.7)
72 (2.6)

366 (13.1)
2263 (81.0)
165 (5.9)

1198 (42.9)
1596 (57.1)

2612 (93.5)
152 (5.4)
8(0.9)
2208

866 (31.0)
1908 (63.8)
20(0.7)

1046 (37.4)
641 (22.9)
1107 (39.7)

1038 (37.2)
31(1.1)
1725 (61.7)

965 (34.5)
87 (3.1)
1742 (62.4)

P value

<0.001

0.250

0.279

0.037

0.275

0.004

<0.001

0.303

0.019

0.170

0.016

0.300





