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Objective

We conducted this large population-based study to re-evaluate the survival paradox between stage IIB/C and stage IIIA colon cancer based on the newest staging criteria.



Methods

Colon cancer patients were recruited from the Surveillance, Epidemiology, and End Results (SEER) database using SEER*Stat software (version 8.3.4) with strict inclusion criteria. We used Chi-square test to compare categorical variables between patients diagnosed with stage IIB/IIC and stage IIIA colon cancer. Survival probabilities were then assessed using the Kaplan–Meier method. Cox proportional hazards models were used to analyze hazard ratios (HRs) and 95% confidence intervals (CIs) of clinicopathologic characteristics in stage IIB/IIC and stage IIIA colon cancer patients.



Results

In the current study, a total of 9,227 eligible colon cancer patients were collected from the SEER database between 2010 and 2015. It was found that stage IIIA had 66.4% decreased risk of colon cancer-specific mortality compared with stage IIB (HR = 0.336, 95%CI = 0.286–0.394 for stage IIIA, P < 0.001, using stage IIB as the reference) after the adjustment for other known prognostic factors. And T1N2a colon cancer had significantly lower 5-year overall survival (OS) rate compared with T2N1 disease (74.7% vs. 57.1%, P = 0.018).



Conclusions

Our study confirmed the existence of survival paradox between stage IIB/IIC and stage IIIA colon cancer based on the newest staging criteria. What is more, the subgroup analyses revealed that T1N2a had the least influence on the survival paradox. N2a colon cancer seemed to be associated with worse prognosis than T2 disease, which would give us a better understanding of tumor biology of colon cancer and be conducive to the refinement of individualized treatment regimens in stage III disease.
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Introduction

Colon cancer was one of the most common malignant tumors worldwide (1). And the American Joint Committee on Cancer (AJCC) TNM staging system was the most commonly used reference index for the guidance of treatment and the judgment of prognosis in many solid cancers. The AJCC staging system could accurately predict the prognosis of cancer patients, with lower stage cancers having better prognosis than higher stage cancers in most solid cancers (2). For colon cancer, however, a survival paradox could be observed between stage IIB/C (T4N0) and stage IIIA (T1-2N1, T1N2a) tumors in previous studies (3–7).

From the 6th to 7th editions of the AJCC staging system, T4 had been subdivided into T4a and T4b, and N1 had been subdivided into N1a, N1b, and N1c. However, no large population-based studies had been reported to evaluate the prognosis of subgroups in stage IIB/C and stage IIIA colon cancer behind the survival paradox according to the newest AJCC TNM staging criteria.

Several reasons had been reported to contribute to the inferior survival in stage IIB/IIC compared with that of stage IIIA, such as the lower use of systemic chemotherapy in stage IIB/IIC colon cancer patients and the stage migration due to inadequate retrieval of lymph nodes. We then conducted this large population-based study to evaluate the prognosis of different subgroups based on the newest staging criteria, together with inclusion of the retrieval of lymph nodes and the receipt of adjuvant chemotherapy, which we believed would contribute to a better understanding of the survival paradox between stage IIB/C and stage IIIA colon cancer.



Materials and Methods


Data Source

The Surveillance, Epidemiology, and End Results (SEER) program covered approximately 28% of the US population and was considered representative of the US in terms of cancer-related data. It collected de-identified data including cancer incidence, clinicopathological characteristics, treatment modalities, and survival from 18 participating population-based cancer registries annually (8). We then used SEER*Stat software (version 8.3.4, Surveillance Research Program, National Cancer Institute) to identify cases meeting the requirements of our study.



Study Population

Shown as Figure 1, at first, 298,637 colon cancer patients were recruited from the SEER database between 2004 and 2015. The present study aimed to conduct a detailed evaluation of survival paradox between stage IIB/IIC and stage IIIA colon cancer according to newest staging classification. Therefore, patients diagnosed before 2010 were excluded from the present study, only patients with complete information regarding the American Joint Committee on Cancer (AJCC) 7th TNM staging system and diagnosed with stage IIB/IIC or stage IIIA were retained. In addition, patients with unknown race, without positive histological confirmation, without active follow-up, or without surgical resection were excluded from our analyses. The final cohort included patients diagnosed with stage IIB, stage IIC, and stage IIIA, and we collected the relevant patient information including age (≤65 and >65 years), race (including white, black, and other), gender (including male and female), grade (including grade I/II, grade III/IV, and unknown), histology (including adenocarcinoma, and mucinous adenocarcinoma/signet ring cell carcinoma), No. of examined lymph nodes (<12 and ≥12), chemotherapy (no/unknown and yes), and TNM stage (stage IIB, stage IIC, and stage IIIA). Because we wanted to re-evaluated the survival paradox between stage IIB/IIC and stage IIIA colon cancer in detail, furtherly, all the cases were divided into five subgroups, including T4aN0, T4bN0, T1N1, T2N1, and T1N2a.




Figure 1 | Flow diagram showed how eligible cases were selected from the SEER database.





Statistical Analysis

In our analyses, the outcomes variables of interest were colon cancer-specific survival (CCSS, from the time of diagnosis to the time of colon cancer-related death) and overall survival (OS, from the time of diagnosis to the time of death from any cause). First of all, in the present study, we used Chi-square test to compare categorical variables between patients diagnosed with stage IIB/IIC and stage IIIA colon cancer. Survival probabilities were then assessed using the Kaplan–Meier method, and the log-rank tests were used to evaluate any significant differences in CCSS and OS. Univariate and multivariate cox proportional hazards models were used to analyze hazard ratios (HRs) and 95% confidence intervals (CIs) of clinicopathologic characteristics for stage IIB/IIC and stage IIIA colon cancer patients. Only factors with a statistical significance (log rank, P < 0.20) in the univariate Cox analysis would be included in the multivariate Cox analyses. In our univariate analyses, clinicopathologic characteristics including age, race, gender, grade, histology, No. of examined lymph nodes, chemotherapy, and TNM stage were included in the multivariate Cox analyses. A two-sided p value less than 0.05 was considered statistically significant. Analyses were performed using SPSS version 23 statistical software (IBM Corporation).




Results


Patient Baseline Characteristics

In the current study, a total of 9,227 eligible colon cancer patients were collected from the SEER database between 2010 and 2015. The median follow-up duration was 33 months. Patient characteristics were listed in Table 1. Of the 9,227 patients diagnosed with stage IIB/IIC and stage IIIA colon cancer, 4,459 (48.3%) patients were female and 4,768 (51.7%) patients were male. A total of 3,897 (42.2%) patients were ≤65 years, and 5,330 (57.8%) patients were >65 years. Among these patients, 7,778 (84.3%) patients had enough lymph node retrieved, while 1,449 (15.7%) patients did not. The 3-year and 5-year CCSS rates of all the patients were 86.8% and 81.6%, respectively; The 3-year and 5-year OS rates in the SEER cohort were 73.7% and 63.2%, respectively. Based on the chi-squared test between stage IIB/IIC and stage IIIA colon cancer, stage IIIA was found to be associated with younger age (P < 0.001), black race (P < 0.001), male (P = 0.016), grade I/II (P < 0.001), adenocarcinoma (P < 0.001), low number of lymph nodes retrieved (P < 0.001), and the receipt of chemotherapy (P < 0.001), indicating that stage IIIA patients were more likely to be associated with some favorable clinicopathological characteristics (Table 1).


Table 1 | Clinical features of stage IIB/IIC and stage IIIA colon cancer.





Survival Paradox Between Stage IIB/IIC and Stage IIIA Colon Cancer

Stratified by AJCC TNM stage (stage IIB, stage IIC, and stage IIIA), Kaplan–Meier CCSS curves were shown in Figure 2A, and survival differences were estimated with log-rank tests. The CCSS rate of stage IIIA colon cancer patients was significantly higher than stage IIB, stage IIC colon cancer patients (3-year CCSS rates for stage IIB vs. stage IIC vs. stage IIIA, 82.2% vs. 78.2% vs. 94.9%, P < 0.0001; 5-year CCSS rates for stage IIB vs. stage IIC vs. stage IIIA, 74.2% vs. 72.5% vs. 91.9%, P < 0.0001; Figure 2A). Consistent with CCSS, the result of Kaplan–Meier OS analysis also showed that the OS rate of stage IIIA colon cancer patients was significantly higher than stage IIB, stage IIC colon cancer patients (3-year OS rates for stage IIB vs. stage IIC vs. stage IIIA, 65.6% vs. 65.8% vs. 84.4%, P < 0.0001; 5-year OS rates for stage IIB vs. stage IIC vs. stage IIIA, 52.4% vs. 55.6% vs. 75.8%, P < 0.0001; Figure 2B).




Figure 2 | (A) Colon cancer-specific survival and (B) overall survival for stage IIB, stage IIC, and stage IIA colon cancer patients.



We also carried out univariate and multivariate Cox proportional hazards analyses to evaluate potential risk factors associated with the CCSS and the CCSS difference between stage IIB/IIC and stage IIIA colon cancer. All the clinicopathologic characteristics with prognostic significance were included in multivariate Cox proportional hazards analyses and the result of multivariate analyses was shown in Table 2: age [hazard ratio (HR) = 1.524, 95% confidence interval (CI) = 1.338–1.736 for >65 years, P < 0.001, using ≤65 years as the reference], race (HR = 1.429, 95%CI = 1.214–1.681 for black race; HR = 0.956, 95%CI = 0,773–1.183 for other, P < 0.001, using white race as the reference), grade (HR = 1.349, 95%CI = 1.187–1.533 for grade III/IV; HR = 1.250, 95%CI = 0.889–1.758 for unknown, P < 0.001, using grade I/II as the reference), No. of examined lymph nodes (HR = 0.530, 95%CI = 0.464–0.606 for ≥12 resected lymph nodes, P < 0.001, using <12 lymph nodes as the reference), and chemotherapy (HR = 0.595, 95%CI = 0.522–0.678 for the receipt of chemotherapy, P < 0.001, using no chemotherapy as the reference) were independently associated with the risk of colon cancer-specific mortality. What is more, it was found that stage IIIA had 66.4% decreased risk of colon cancer-specific mortality compared with stage IIB, and stage IIC had 32.4% increased risk of colon cancer-specific mortality compared with stage IIB (HR = 1.324, 95%CI = 1.169–1.500 for stage IIC; HR = 0.336, 95%CI = 0.286–0.394 for stage IIIA, P < 0.001, using stage IIB as the reference) after the adjustment for other relevant covariables.


Table 2 | Cox regression analyses of factors associated with CSS.





Further Analyses of Survival Paradox Between Stage IIB/IIC and Stage IIIA Colon Cancer

Then, we further investigated which subgroup would contribute to survival paradox between stage IIB/IIC and stage IIIA colon cancer. Stratified by detailed stage (T4aN0, T4bN0, T1N1, T2N1, and T1Na), Kaplan–Meier CCSS curves were shown in Figure 3A, and survival differences between different subgroups were estimated with log-rank tests: 5-year CCSS rates for T4aN0 vs. T4bN0 vs. T1N1 vs. T2N1 vs. T1N2a, 74.2% vs. 72.5% vs. 94.2% vs. 91.0% vs. 81.2% (P < 0.0001), indicating that T1N2a colon cancer had inferior CCSS compared with T2N1 colon cancer though the survival difference did not achieve statistical significance (P = 0.406); Kaplan–Meier OS curves were shown in Figure 3B, and survival differences between different subgroups were estimated with log-rank tests: 5-year OS rates for T4aN0 vs. T4bN0 vs. T1N1 vs. T2N1 vs. T1N2a, 52.4% vs. 55.6% vs. 79.4% vs. 74.7% vs. 57.1% (P < 0.0001), and T1N2a colon cancer had significantly inferior OS compared with T2N1 colon cancer (P = 0.018).




Figure 3 | (A) Colon cancer-specific survival and (B) overall survival for stage T4aN0, stage T4bN0, stage T1N1, stage T2N1, and stage T1Na colon cancer patients.



Univariate and multivariate Cox proportional hazards analyses were carried out to evaluate potential risk factors associated with the CCSS and the CCSS differences between different subgroups (T4aN0, T4bN0, T1N1, T2N1, and T1Na). It was found that T2N1 had a 25.7% decreased risk of colon cancer-specific mortality compared with T1N2a (HR = 0.743, 95%CI = 0.392–1.408 for T2N1, using T1N2a as the reference) after the adjustment for other relevant covariables, though the survival difference did not achieve statistical significance (P = 0.362 Table 3).


Table 3 | Cox regression analyses of factors associated with CSS (including T4aN0, T4bN0, T1N1, T2N1, and T1Na).






Discussion

The AJCC staging system contained information about the tumor status at diagnosis which could assist clinicians to predict survival, impart prognostic information, and give the guidance to select the most effective treatments. As early as 2000, the colorectal working group proposed to subdivide T4 into T4a (tumor penetrated the surface of the visceral peritoneum) and T4b (tumor directly invaded or was histologically adherent to other organs or structures) according to the absence or presence of tumor involving the surface of the specimen based on the evidence that previous study had found that peritoneal involvement had an adverse outcome (9, 10). Then, the 7th edition AJCC TNM staging system published in 2010 subdivided T4 into T4a and T4b and further divided N1 into N1a (metastasis in 1 node), N1b (metastasis in 2–3 nodes) and N1c (the presence of tumor deposit, there was no regional lymph node metastasis), and N2 into N2a (metastasis in 4–6 nodes) and N2b (metastasis in ≥7 nodes). Therefore, stage II colon cancer was subdivided into IIA (T3N0), IIB (T4aN0), or IIC (T4bN0) and stage III colon cancer became IIIA (T1-2 N1, T1N2a), IIIB (T3-4 N1, T2-3N2a, T1-2N2b), and IIIC (T4aN2a, T3-T4aN2b, T4bN1-2) (2, 11, 12). And the eighth AJCC TNM staging system was the same as seventh staging system in regards to stage II and stage III colon cancer. Although the survival paradox between stage IIB/IIC and stage IIIA colon cancer had long been known, few population-based studies reported this phenomenon based on the newest AJCC TNM staging system or evaluated prognosis of subgroups in stage IIB/IIC and stage IIIA to further reveal the survival paradox in colon cancer (2–7).

In our analyses, it was found that the CCSS rate of stage IIIA colon cancer patients was significantly higher than stage IIB, stage IIC colon cancer patients (5-year CCSS rates for stage IIB vs. stage IIC vs. stage IIIA, 74.2% vs. 72.5% vs. 91.9%). Similarly, 5-year OS rates of stage IIB, stage IIC and stage IIIA were 52.4%, 55.6%, and 75.8%, respectively, which was consistent with previous report by Edge et at. (2) that the 5-year OS rate for patients with stage IIIA was approximately 70% vs. 46–61% for stage IIB/C. More importantly, we also conduct multivariate analyses to exclude the possibility of the influence of other prognostic factors including age, race, gender, grade, histology, No. of examined lymph nodes, and the receipt of chemotherapy. It was found that stage IIIA had 66.4% decreased risk of colon cancer-specific mortality compared with stage IIB. In other words, stage IIB/C (T4N0) colon cancer had worse prognosis compared with stage IIIA (T1-2 N1, T1N2a) even after adjusting for the number of lymph nodes retrieved and the receipt of adjuvant chemotherapy, which was in agreement with previous study and once again demonstrated the existence of survival paradox between stage IIB/IIC and stage IIIA colon cancer (3).

Previous studies had suggested that the poor survivals of T4N0 might attribute to the following factors: preferential administration of chemotherapy for stage IIIA compared with T4N0 disease (while the present study had shown that 35.1% of T4N0 colon cancer patients would receive adjuvant chemotherapy compared with 62.8% of stage IIIA colon cancer patients); T4N1 colon cancer was understaged as T4N0 due to inadequate retrieval of lymph nodes (while 85.4% of T4N0 colon cancer patients had enough retrieval of lymph nodes compared with 82.8% of stage IIIA colon cancer patients in our analyses) and biologically more aggressive tumors in T4N0 (13, 14). In 2016, Quyen and his colleagues (3) carried out a retrospective analysis and found that the survival paradox between stage IIB/IIC and stage IIIA colon cancer cannot be entirely explained by inadequate lymph nodes retrieved and lack of receipt of adjuvant chemotherapy, which was consistent with the current study. A previous study showed that T4N0 colon cancers were associated with higher proportion of MSI-H and poor histological grade, indicating that T4N0 carcinomas might have different entity of tumor biology from T1-2N1 disease (4, 15).

In 2016, Quyen et al. (6) reported that stage IIB/C were associated with a greater proportion of positive margins (19%) than did stage IIIA (1%; P <.0001), from this they believed that positive surgical margins might contribute to the survival paradox between stage IIB/C and stage IIIA colon cancer patients. Our study also showed that stage IIB/IIC colon cancer was more likely to be associated with grade III/IV compared with stage IIIA disease (23.7% vs. 16.1%, P < 0.001), which could add new evidence supporting the above hypothesis.

Although the fact that the use of adjuvant chemotherapy had been widely accepted as the routine treatment for patients with stage III colon cancer and stage IIB/IIC colon cancer had significant poor survivals compared with stage IIIA disease, some researchers have suggested that the efficacy of adjuvant chemotherapy in T4 disease was not significant (16–21). Therefore, future studies were still needed to investigate the necessity of intensive chemotherapy in T4 colon cancer. In further exploration of the present study, Kaplan–Meier survival curves showed the 5-year CCSS rates (T4aN0 vs. T4bN0 vs. T1N1 vs. T2N1 vs. T1N2a, 74.2% vs. 72.5% vs. 94.2% vs. 91.0% vs. 81.2%) and 5-year OS rates (5-year OS for T4aN0 vs. T4bN0 vs. T1N1 vs. T2N1 vs. T1Na, 52.4% vs. 55.6% vs. 79.4% vs. 74.7% vs. 57.1%) of different subgroups in stage IIB/IIC and stage IIIA colon cancer, indicating that T1N2a colon cancer had inferior CCSS (P = 0.406) and OS (P = 0.018) compared with T2N1 colon cancer though the CCSS difference between T1N2a and T2N1 colon cancer did not achieve statistical significance.

The results of multivariate analyses in the present study also showed the similar result that T2N1 colon cancer had a 25.7% decreased risk of colon cancer-specific mortality compared with T1N2a (HR = 0.743, 95%CI = 0.392–1.408 for T2N1, using T1N2a as the reference) after the adjustment for other relevant covariables, though the survival difference did not achieve statistical significance (P = 0.362). The above findings also indicated the inconsistency of subgroups in stage IIIA colon cancer, especially between stage T2N1 and stage T1N2a though they were both classified as stage IIIA. And N2a seemed to be a stronger factor for poor prognosis than T2 stage, the increase of one positive lymph node seemed to be a worse indicator of survival compared with the penetration of tumor from submucosa to muscular layer. That the CCSS difference between T1N2a and T2N1 colon cancer did not achieve statistical significance might be because of the small sample size of T1N2a (N = 121).

The main strengths of the present study were that, as far as we know, this was the first population-based analysis to evaluate prognosis of detailed subgroups in stage IIB/IIC and stage IIIA to further reveal the survival paradox in colon cancer based on the newest staging criteria and a large population. The finding that N2a colon cancer seemed to be a worse prognostic factor than T2 disease revealed the inconsistence in stage IIIA colon cancer and T1N2a had the least influence on the survival paradox between stage IIB/IIC and stage IIIA, which could give us a better understanding of tumor biology of colon cancer and be conducive to the refinement of individualized treatment regimens in stage III disease.

However, this study had two limitations. On the one hand, information on the surgical margin status, molecular and genetic markers that were confirmed as prognostic factors of colon cancer were lacking because of the limitation of the SEER database (22–24). On the other hand, our research was a retrospective type of study with inherent deficiencies that could lead to confusion or observer bias, and future research could overcome this problem by the use of a prospective diary. In addition, external validation is missing because of insufficient eligible patients in our center.

In conclusion, our study confirmed the presence of survival paradox between stage IIB/IIC and stage IIIA colon cancer based on the newest staging criteria. What is more, the subgroup analyses revealed the inconsistence in stage IIIA colon cancer and T1N2a had the least influence on the survival paradox. N2a colon cancer seemed to be a worse prognostic factor than T2 disease, which would give us a better understanding of tumor biology of colon cancer and be conducive to the refinement of individualized treatment regimens in stage III disease.
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