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Purpose

The aim of this study is to investigate the survival benefit of adjuvant chemotherapy in patients with colon cancer with the solitary tumor deposit (TD).



Methods

The primary study outcomes used in this study were colon cancer–specific survival (CSS) and overall survival (OS). The differences of the distribution of categorical variables in patients with colon cancer with the solitary TD according to adjuvant chemotherapy administration were tested using the Pearson’s chi-square test. The Kaplan–Meier method was utilized to evaluate CSS and OS. Hazard ratio (HR) and 95% confidence interval (CI) were calculated on the basis of Cox regression models to assess the prognostic value of different demographic and clinicopathological characteristics.



Results

A total of 877 patients with TanyN1cM0 colon cancer with solitary TD were identified in our analysis. It was found that OS (75.4% vs. 42.8% for 5-year OS rate, p < 0.001) and CSS (82.9% vs. 69.3% for 5-year CSS rate, p < 0.001) of patients with colon cancer with adjuvant chemotherapy administration were significantly better than those without adjuvant chemotherapy administration. Multivariate Cox survival analyses revealed that the overall and colon cancer–specific mortality risks of patients with adjuvant chemotherapy administration were decreased by 64.4% (HR = 0.356, 95% CI = 0.265–0.479, p < 0.001) and 57.4% (HR = 0.426, 95% CI = 0.286–0.634, p < 0.001) compared with those without adjuvant chemotherapy administration, respectively.



Conclusions

Adjuvant chemotherapy administration could significantly improve OS and CSS in patients with colon cancer with the solitary TD. This is the first study to investigate and demonstrate the survival benefit of adjuvant chemotherapy in patients with colon cancer with the solitary TD.
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Introduction

Colorectal cancer is now the third most common cancer in the world and the second most common cause of cancer death (1). The tumor, node, metastasis (TNM) staging is the most generally used system for the diagnosis and treatment of colorectal cancer, and it has been continuously developed with the continuous progress of tumor treatment; the latest eight edition of the TNM staging system was published in 2017 (2, 3).

In the eighth edition of TNM staging, tumor deposit (TD) is defined as tumor foci located in the pericolonic or perirectal fat, away from the tumor invasion front, in the lymphatic drainage area of ​​the tumor, with no identifiable residual lymph node tissue. In addition, the presence of TD is classified as N1c in the absence of lymph node metastasis (LNM) and TD has no impact on tumor stage in the presence of LNM. Previous studies have shown that TD is an independent and strong prognostic factor in patients with colorectal cancer after surgery, regardless of lymph node status (4–6). More importantly, many studies have shown that the number of TDs is independently associated with poor outcomes in patients with colorectal cancer and suggested adding TDs to the number of LNMs (7–9). A meta-analysis found that TD was a stronger prognostic factor than LNM or extramural vascular invasion for patients with colorectal cancer with liver, lung, and peritoneal metastases (10). In addition, TD is also significantly associated with higher local recurrence and worse prognosis in patients diagnosed with rectal adenocarcinoma (11, 12).

To date, however, no studies have evaluated the role of adjuvant chemotherapy in patients with colon cancer with solitary TD although adjuvant chemotherapy is routinely used in patients with N1c colorectal cancer. Recently, Korean researchers retrospectively analyzed the effect of adjuvant chemotherapy in 281 patients with colon cancer and found that adjuvant chemotherapy did not provide clear survival benefit for patients with colon cancer with solitary LNM (13). Therefore, it is reasonable to question the survival benefit of adjuvant chemotherapy in patients with colon cancer with solitary TD.



Material and Methods


Patients’ Selection and Cohorts

Patients with solitary TD are a very small group of people in colon cancer; therefore, a large cancer database is utilized in this study. The National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database is the largest cancer database in the United States, containing information on patient’s age, sex, tumor stage, tumor site, tumor grade, treatment, and prognosis of malignant tumors in 18 population-based cancer registries, covering about one-third of the population in the country. We then extract the patient data from the SEER database (https://seer.cancer.gov). Because patient identification information has been removed in this database, ethics committee approval and patient informed consent are not required in this study.

As shown in Figure 1, we first selected patients diagnosed with colon cancer in the cancer database from 2010 to 2016, and patients who met the following criteria were further confirmed: treated with surgery, adenocarcinoma, without distant metastasis, and tumor grade is known. Finally, patients with TanyN1cM0 colon cancer with the solitary TD were selected for the analysis of this study.




Figure 1 | Flow chart of case selection.





Statistical Analysis

The primary study outcomes used in this study were colon cancer–specific survival (CSS) and overall survival (OS). CSS and OS were defined as the time between the cancer diagnosis and death due to colon cancer and death from any cause, respectively. Patients’ demographic and clinicopathological characteristics were included as follows: T staging (T1, T2, T3, and T4), age at diagnosis (≤65 and >65 years old), gender (male and female), tumor location [right-sided colon (from caecum to transverse colon) and left-sided colon (from splenic flexure to rectosigmoid junction)], and tumor grade (grade I/II and grade III/IV).

The differences of the distribution of categorical variables in patients with colon cancer with the solitary TD according to adjuvant chemotherapy administration were tested using the Pearson’s chi-square test. The Kaplan–Meier method was used to evaluate CSS and OS. The log-rank test was also carried out to assess whether the differences of CSS or OS rates between subgroups were statistically significant. Hazard ratio (HR) and 95% confidence interval (CI) were calculated on the basis of Cox regression models to assess the prognostic value of different demographic and clinicopathological characteristics. Statistically significant levels were two-tailed, and a p-value less than 0.05 was considered significant. Statistical analyses were conducted using the Statistical Package for the Social Sciences version 23.0 software (IBM Corporation, Chicago, IL, USA).




Results


Patient Characteristics

As shown in Figure 1, a total of 877 patients with TanyN1cM0 colon cancer with solitary TD were identified in our analysis, among which 405 (46.2%) patients received adjuvant chemotherapy and 472 (53.8%) patients did not receive adjuvant chemotherapy; 29 (3.3%) patients were diagnosed with stage T1, 80 (9.1%) patients were diagnosed with stage T2, 567 (64.7%) patients were diagnosed with stage T3, and 201 (22.9%) patients were diagnosed with stage T4; 332 (37.9%) patients were less than 65 years old, and 545 (62.1%) patients were more than 65 years old; 453 (51.7%) patients were male, and 424 (48.3%) patients were female; 489 (55.8%) patients were diagnosed with right-sided colon cancer, and 388 (44.2%) patients were diagnosed with left-sided colon cancer; 727 (82.9%) patients were diagnosed with grade I/II colon cancer, and 150 (17.1%) patients were diagnosed with grade III/IV colon cancer.

Patients’ demographic and clinicopathological characteristics according to adjuvant chemotherapy administration were shown in Table 1. There were no differences in T staging, gender, tumor grade, and number of lymph nodes examined between the two subgroups. Younger age (56.5% vs. 21.8% for ≤ 65 years old, p < 0.001) and left-sided colon cancer (48.6% vs. 40.5% for left-sided colon cancer, p < 0.015) were more likely to be associated with the adjuvant chemotherapy administration.


Table 1 | Clinicopathologic characteristics of colon cancer with solitary tumor deposit according to adjuvant chemotherapy administration.





Survival Benefit Conferred by Adjuvant Chemotherapy in All Patients With Colon Cancer With Solitary Tumor Deposit

As shown in Figure 2, the CSS and OS curves of patients with colon cancer with the solitary TD were generated using the Kaplan–Meier method. It was found that OS of patients with colon cancer with the solitary TD with adjuvant chemotherapy administration was significantly better than those without adjuvant chemotherapy administration (75.4% vs. 42.8% for 5-year OS rate, p < 0.001) and that CSS of patients with colon cancer with the solitary TD with adjuvant chemotherapy administration was significantly better than those without adjuvant chemotherapy administration (82.9% vs. 69.3% for 5-year CSS rate, p < 0.001).




Figure 2 | Kaplan–Meier survival curves comparing (A) CSS and (B) OS according to the use of adjuvant chemotherapy in all patients with colon cancer with solitary tumor deposit.



Multivariate Cox survival analyses revealed that OS was significantly associated with T staging (HR = 2.018, 95% CI = 1.545–2.634, p < 0.001; Table 2), number of lymph nodes examined (HR = 0.587, 95% CI = 0.434–0.794, p = 0.001; Table 2), and age at diagnosis (HR = 1.987, 95% CI = 1.446–2.730, p < 0.001; Table 2) in all patients with colon cancer with solitary TD. Moreover, the overall mortality risk of all patients with adjuvant chemotherapy administration was decreased by 64.4% compared with those without adjuvant chemotherapy administration (HR = 0.356, 95% CI = 0.265–0.479, p < 0.001; Table 2). Multivariate Cox survival analyses revealed that CSS was significantly associated with T staging (HR = 3.497, 95% CI = 2.430–5.031, p < 0.001; Table 2), and number of lymph nodes examined (HR = 0.487, 95% CI = 0.323–0.734, p = 0.001; Table 2) in all patients with colon cancer with the solitary TD. Moreover, colon cancer–specific mortality risk of patients with adjuvant chemotherapy administration was decreased by 57.4% compared with those without adjuvant chemotherapy administration (HR = 0.426, 95% CI = 0.286–0.634, p < 0.001; Table 2).


Table 2 | Multivariate Cox regression analysis of prognostic factors for OS and CSS in colon cancer with solitary tumor deposit.





Survival Benefit Conferred by Adjuvant Chemotherapy in Patients With T1–T3 Colon Cancer With Solitary Tumor Deposit

As shown in Figure 3, the CSS and OS curves of patients with T1–T3 colon cancer with the solitary TD were generated using the Kaplan–Meier method. It was found that OS of patients with T1–T3 colon cancer with the solitary TD with adjuvant chemotherapy administration was significantly better than those without adjuvant chemotherapy administration (80.5% vs. 48.1% for 5-year OS rate, p < 0.001; Figure 3A) and that CSS of patients with colon cancer with the solitary TD with adjuvant chemotherapy administration was significantly better than those without adjuvant chemotherapy administration (88.7% vs. 76.2% for 5-year CSS rate, p < 0.001; Figure 3B).




Figure 3 | Kaplan–Meier survival curves comparing (A) CSS and (B) OS according to the use of adjuvant chemotherapy in patients with T1–T3 colon cancer with solitary tumor deposit.



Multivariate Cox survival analyses revealed that OS was significantly associated with age at diagnosis (HR = 2.681, 95% CI = 1.804–3.983, p < 0.001; Table 3), and number of lymph nodes examined (HR = 0.602, 95% CI = 0.412–0.879, p = 0.009; Table 3) in patients with T1–T3 colon cancer with the solitary TD. Moreover, the overall mortality risk of patients with adjuvant chemotherapy administration was decreased by 65.4% compared with those without adjuvant chemotherapy administration (HR = 0.346, 95% CI = 0.239–0.500, p < 0.001; Table 3). Multivariate Cox survival analyses revealed that colon cancer–specific mortality risk of patients with adjuvant chemotherapy administration was decreased by 57.7% compared with those without adjuvant chemotherapy administration (HR = 0.423, 95% CI = 0.246–0.725, p = 0.002; Table 3).


Table 3 | Multivariate Cox regression analysis of prognostic factors for OS and CSS in T1–T3 colon cancer with solitary tumor deposit.





Survival Benefit Conferred by Adjuvant Chemotherapy in Patients With T4 Colon Cancer With Solitary Tumor Deposit

As shown in Figure 4, the CSS and OS curves of patients with T4 colon cancer with solitary TD were generated using the Kaplan–Meier method. It was found that OS of patients with T4 colon cancer with the solitary TD with adjuvant chemotherapy administration was significantly better than those without adjuvant chemotherapy administration (56.9% vs. 24.0% for 5-year OS rate, p < 0.001; Figure 4A) and that CSS of patients with colon cancer with the solitary TD with adjuvant chemotherapy administration was significantly better than those without adjuvant chemotherapy administration (61.5% vs. 42.3% for 5-year CSS rate, p = 0.004; Figure 4B).




Figure 4 | Kaplan–Meier survival curves comparing (A) CSS and (B) OS according to the use of adjuvant chemotherapy in patients with T4 colon cancer with solitary tumor deposit.



Multivariate Cox survival analyses revealed that the overall mortality risk of patients with adjuvant chemotherapy administration was decreased by 68.4% compared with those without adjuvant chemotherapy administration in patients with T4 colon cancer with solitary TD (HR = 0.316, 95% CI = 0.188–0.531, p < 0.001; Table 4). In addition, colon cancer–specific mortality risk of patients with adjuvant chemotherapy administration was reduced by 63.3% compared with those without adjuvant chemotherapy administration (HR = 0.367, 95% CI = 0.196–0.686, p = 0.002; Table 4).


Table 4 | Multivariate Cox regression analysis of prognostic factors for OS and CSS in T4 colon cancer with solitary tumor deposit.






Discussion

TD was first described in 1935 and was considered as the deposit of carcinoma cells at a distance from the primary growth (14). This definition has, in fact, changed in colorectal cancer over time. TDs were first introduced in the fifth edition of the The American Joint Committee on Cancer (AJCC)/TNM staging in 1997, where tumor nodules larger than 3 mm in diameter with no histological evidence of residual LN were classified as regional lymph node metastases, whereas tumor nodules smaller than 3 mm were classified in the T category (15).The presence of TD was classified as N1c in the absence of LNM, and the N1c classification was first introduced in the seventh edition of the AJCC/TNM staging to allow us to better understand the clinical significance of TD.

Notably, TD was redefined in the new TNM classification (eighth edition) released in early 2017, and its incidence was reported in previous literature to be between 18% and 25% (12, 16–18). Many previous studies have revealed that the presence of TD was a manifestation of more aggressive tumor biology and should be further investigated by researchers. Gopal et al. reported a trend toward decreased tumor response to neoadjuvant chemoradiotherapy in patients with N1c rectal cancer, which resulted in worse survival and recurrence in this group of patients (19% vs. 10%, p = 0.092 for 5-year local recurrence rate and 3.1 vs. 11.2 years for OS, p = 0.027) (12). Wei et al. found that the presence of TD was an important independent prognostic factor for rectal cancer following preoperative treatment (HR = 2.41, 95% CI =1.24–4.69, p = 0.01) (19). Another study showed that among patients with right-sided colon adenocarcinoma, N1c patients had significantly lower survival compared with N0 patients (20). A higher recurrence rate was also reported in patients with TD-positive colorectal cancer compared with patients with TD-negative colorectal cancer (65.1% vs. 39.1%) (21).

The survival benefit of chemotherapy in patients with colorectal cancer with TD has been inconsistent in previous studies because it was not clear whether the pN1c category was or was not equal to LNM (9). It was reported that the presence and number of TDs did not affect the benefit of chemotherapy in stage III colorectal cancer (22). It has also been shown that patients with TD did not show a benefit in disease-free survival following chemotherapy (23). However, a recent study found that chemotherapy was independently associated with better prognosis in patients with colorectal cancer with TD (HR = 0.542, 95% CI = 0.501–0.586) (24). Despite that, patients with colon cancer with the presence of TD should receive adjuvant chemotherapy after radical surgery according to clinical guidelines for colorectal cancer. Therefore, it is necessary to explore the clinical significance of TD in adjuvant chemotherapy for patients with colon cancer.

Recently, Yeom et al. conducted a retrospective study in 281 patients with colon cancer and found that adjuvant chemotherapy did not provide clear survival benefit for patients with colon cancer with solitary LNM (84.1% vs. 83.3%, p = 0.490 for 5-year disease-free survival). Therefore, it is reasonable to question the survival benefit of adjuvant chemotherapy in patients with colon cancer with solitary TD. In this study, it was found that adjuvant chemotherapy administration could significantly improve OS (75.4% vs. 42.8% for 5-year OS rate, p < 0.001) and CSS (82.9% vs. 69.3% for 5-year CSS rate, p < 0.001) in all patients with colon cancer with the solitary TD. Multivariate Cox survival analyses also showed that adjuvant chemotherapy administration was a good prognosis factor: The overall mortality risk of all patients with adjuvant chemotherapy administration was decreased by 64.4% compared with those without adjuvant chemotherapy administration, and colon cancer–specific mortality risk of patients with adjuvant chemotherapy administration was decreased by 57.4% compared with those without adjuvant chemotherapy administration. The survival benefit conferred by adjuvant chemotherapy in patients with colon cancer with solitary TD in our study was better than survival benefit conferred by chemotherapy in patients with colorectal cancer with TD as reported by Chen et al. (24).

Considering that adjuvant chemotherapy had definite survival benefit in T4 colon cancer, we then performed subgroup analyses according to T stage, and all patients were divided into T1–T3 and T4 subgroups (25–27). Again, subgroup analyses showed that adjuvant chemotherapy had obvious survival benefit in both patients with T1–T3 and T4 colon cancer with solitary TD, which further confirmed the above results. In patients with T1–T3 colon cancer with solitary TD, the overall and colon cancer–specific mortality risks of patients with adjuvant chemotherapy administration were decreased by 65.4% (HR = 0.346, 95% CI = 0.239–0.500, p < 0.001) and 57.7% (HR = 0.423, 95% CI = 0.246–0.725, p = 0.002) compared with those without adjuvant chemotherapy administration, respectively; in patients with T4 colon cancer with solitary TD, the overall and colon cancer–specific mortality risks of patients with adjuvant chemotherapy administration were decreased by 68.4% (HR = 0.316, 95% CI = 0.188–0.531, p < 0.001) and 63.3% (HR = 0.367, 95% CI = 0.196–0.686, p = 0.002) compared with those without adjuvant chemotherapy administration, respectively.

Taken together, our study suggests that adjuvant chemotherapy is warranted and has an obvious survival benefit in patients with colon cancer with the solitary TD. To our knowledge, this is the first time that the efficacy of adjuvant chemotherapy in patients with colon cancer with the solitary TD is proposed and explored. We screened the target population from more than 150,000 patients with colon cancer and performed this retrospective analysis, which provided a high quality of evidence for the use of adjuvant chemotherapy in patients with colon cancer with solitary TD and gave us a better understanding of the clinical significance of TD in colon cancer.

However, our study has some shortcomings. First, this study has the potential selection bias because of the nature of retrospective studies. Second, the patients included in the study have a long longitudinal span from 2010 to 2016, which may have a potential impact on the results of the analysis. Finally, because of database limitations, some important tumor or patient characteristics that may affect the prognosis of patients with colon cancer were not analyzed in this study. In particular, this cancer database did not capture information on specific chemotherapy regimens, so we did not analyze the effect of a particular chemotherapy regimen on the prognosis of patients with colon cancer, which should be deemed as one limitation of the present study. Therefore, the efficacy of adjuvant chemotherapy in patients with colon cancer with the solitary TD still deserves special attention from researchers in the future.



Conclusions

Adjuvant chemotherapy administration could significantly improve OS and CSS in patients with colon cancer with the solitary TD. This is the first study to investigate and demonstrate the survival benefit of adjuvant chemotherapy in patients with colon cancer with the solitary TD.
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