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Abstract
BACKGROUND
Optimal surveillance strategies for stage III colorectal cancer (CRC) are lacking, and intensive surveillance has not conferred a significant survival benefit.

AIM
To examine the association between surveillance intensity and recurrence and survival rates in patients with stage III CRC.

METHODS
Data from patients with pathologic stage III CRC who underwent radical surgery between January 2005 and December 2012 at Asan Medical Center, Seoul, Korea were retrospectively reviewed. Surveillance consisted of abdominopelvic computed tomography (CT) every 6 mo and chest CT annually during the 5 year follow-up period, resulting in an average of three imaging studies per year. Patients who underwent more than the average number of imaging studies annually were categorized as high intensity (HI), and those with less than the average were categorized as low intensity (LI).

RESULTS
Among 1888 patients, 864 (45.8%) were in HI group. Age, sex, and location were not different between groups. HI group had more advanced T and N stage (P = 0.002, 0.010, each). Perineural invasion (PNI) was more identified in the HI group (21.4% vs 30.3%, P < 0.001). The mean overall survival (OS) and recurrence-free interval (RFI) was longer in the LI group (P < 0.001, each). Multivariate analysis indicated that surveillance intensity [odds ratio (OR) = 1.999; 95% confidence interval (CI): 1.680–2.377; P < 0.001], pathologic T stage (OR = 1.596; 95%CI: 1.197–2.127; P = 0.001), PNI (OR = 1.431; 95%CI: 1.192–1.719; P < 0.001), and circumferential resection margin (OR = 1.565; 95%CI: 1.083–2.262; P = 0.017) in rectal cancer were significantly associated with RFI. The mean post-recurrence survival (PRS) was longer in patients who received curative resection (P < 0.001). Curative resection rate of recurrence was not different between HI (29.3%) and LI (23.8%) groups (P = 0.160). PRS did not differ according to surveillance intensity (P = 0.802).

CONCLUSION
Frequent surveillance with CT scan do not improve OS in stage III CRC patients. We need to evaluate role of other surveillance method rather than frequent CT scans to detect recurrence for which curative treatment was possible because curative resection is the important to improve post-recurrence survival.
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Core Tip: This is a retrospective study to evaluate the association between surveillance intensity and recurrence and survival rates in patients with stage III colorectal cancer (CRC). The overall survival (OS) and recurrence-free interval (RFI) was longer in the low intensity group. Post-recurrence survival (PRS) did not change according to surveillance intensity. Therefore, frequent postoperative imaging studies do not improve OS or RFI in patients with stage III CRC. However, in high-risk patients, early detection of recurrence improves the chance of curative resection, which may improve PRS.


INTRODUCTION
In patients who undergo surgery for colorectal cancer (CRC), ongoing surveillance is recommended to detect and treat recurrences early, which improves the chances of curative treatment and thus overall survival (OS)[1]. Surveillance also provides an opportunity to assess the quality of the primary surgery and detect metachronous tumors at an earlier stage.
CRC is the second most common cancer among Korean males and the fourth most common among females, and the third leading cause of cancer-related death in South Korea[2]. The 5 year trend from 2013 to 2017 indicates that approximately 78% of CRC patients in Korea have resectable tumors with localized or regional disease is similar with that in United States[3]. Despite high prevalence and mortality rates, patients with CRC represent the second largest group of 5 year cancer survivors. More than 90% of local recurrences appear within the first 5 years after surgery, and the most of them appear within 3 years after surgery[4,5]. After radical surgery with curative intent, surveillance is recommended with the goal of improving OS and disease-specific survival by detecting recurrence or metachronous cancer at an early stage. Hypothetically intensive surveillance during recurrence-prone period could be useful to detect recurrence in early phase and thus improve the prognosis of these patients[6-8] especially in patients with high risk of recurrence by early onset of proper treatment.
Although many clinical guidelines recommended surveillance method and schedule, optimal surveillance strategies have not been established to date, and systemic reviews and a randomized trial have provided inconclusive results regarding the survival benefits related to surveillance[9-11]. Recent studies indicate that intensive surveillance does not significantly increase survival rates[12-14]. However, studies examining recurrence rates report that intensive surveillance increases the frequency of curative surgery for the recurred lesion[15-18]. Survival rates are higher for patients examined by computed tomography (CT) and detection of carcinoembryonic antigen[9,15]. The lack of consistency between reports underscores the need to evaluate the survival benefits associated with intensive surveillance. In contrary, intensive surveillance without benefit in oncologic outcomes need to be carefully reconsidered because it would be burden of medical expense as well as for patients. In addition, previous study reported the false positive rates of the CT scan which is most commonly used in CRC surveillance[19]. According to the study, CT scan showed false positive rate up to 28% for a patient with no actual recurrence. Therefore, CRC surveillance based on imaging studies requires not only a CT machine with sufficient performance but also well-trained radiologists who can make accurate readings. Furthermore, frequent CT scan resulted in sequelae of CT radiation exposure. Given these risks of intensive surveillance, unnecessary intensive surveillance should be avoided if the risk of recurrence is low or there is no survival benefit.
The purpose of the current study was to determine the association between surveillance intensity, the detection of recurrence, and survival rates. Additionally, this study investigated the effect of intensive surveillance on the outcome of curative treatment in patients with recurrent disease.

MATERIALS AND METHODS
Participants and clinical variables
Data from patients with pathologic stage III CRC who underwent radical surgery between January 2005 and December 2012 at Asan Medical Center, Seoul, Korea were retrospectively reviewed. Patients who underwent radical resection and elective surgery for primary CRC, as well as those treated with preoperative chemoradiotherapy (PCRT) followed by radical resection, were included. Patients with synchronous distant metastasis, synchronous cancer in another organ, cancer diagnosed within 5 years, inflammatory disease associated CRC, those who underwent local excision, and those with unknown staging status were excluded. Patients who were lost to follow-up surveillance were excluded from analyses as well. As a result, 1888 patients who met the criteria were included in the final analysis.
Patient characteristics analyzed included age, sex, pathologic differentiation, lymphovascular invasion (LVI), perineural invasion (PNI), circumferential resection margin (CRM) of rectal cancer (involving < 1 mm), PCRT, recurrence, treatment after recurrence, and survival. Postoperative surveillance included abdomino-pelvic CT (APCT) and chest CT (CCT). 
This study was approved by the Institutional Review Board of Asan Medical Center, No. 2017-0955.

Surgical procedures and postoperative surveillance
The objectives of surgical treatment for colon cancer were ligation of feeding vessels at their roots, principal node removal, and achieving a sufficient resection margin for both proximal and distal margins. Surgery was performed according to the principle of total mesorectal excision for rectal cancer. Patients who received PCRT underwent surgical resection at 6–10 wk after completion of the chemoradiotherapy course. The majority of surgical procedures were carried out by one of seven experienced colorectal surgeons, and the remaining procedures were performed by colorectal fellows. 
Adjuvant chemotherapy was recommended for pathologic stage III colon cancer patients and for stage II patients with risk factors such as preoperative obstruction, LVI, PNI, high tumor budding, and < 12 resected lymph nodes. In patients with rectal cancer, adjuvant chemotherapy was recommended for pathologic stage II and III patients or for those treated with PCRT regardless of pathologic stage. PCRT was indicated for patients who had clinical stage II or III cancer and for those with clinical stage I who were eligible for sphincter-saving surgery due to low lying rectal cancer and those who were not candidates for major surgery because of medical comorbidities.
All patients received postoperative follow-up examination consisting of a physical examination and serum carcinoembryonic antigen measurements every 3–6 mo. Abdominal, pelvic, and chest CT scans were performed every 6–12 mo. Patients with obstructive lesions underwent colonoscopy within 6 mo after surgical resection and every 2–3 years thereafter. 

Definition of surveillance intensity
All patients were followed-up for approximately 5 years after surgery with APCT and CCT. Patients underwent surveillance every 6 mo at the outpatient clinic, including APCT every 6 mo and CCT every 12 mo on average. The number of expected imaging studies was two for APCT and one for CCT, with a total of three studies per year.
The average number of studies for each patient was calculated as the number of examinations during 5 years/60 mo of follow-up without recurrence, or the number of examinations until the first recurrence for patients who experienced recurrence. Patients who underwent more than the average number of studies per year (3) were categorized as high intensity (HI), whereas those who underwent less than three annual studies were categorized as low intensity (LI). Patients were categorized based on intensity of imaging studies to account for differences in risk-related surveillance. 

Statistical analysis
Continuous variables were compared using a t-test and expressed as the mean and range. Categorical variables were compared using Pearson’s χ2 test or Fisher’s exact test and expressed as numbers and percentages. Univariate analyses were performed to identify factors associated with survival. Factors with P < 0.1 on univariate analysis were included in a multivariate binary logistic regression analysis. OS, recurrence-free interval (RFI), and post-recurrence survival (PRS) were calculated using the Kaplan–Meier method[20] and compared with the Cox-regression model[21]. All statistical analyses were performed using SPSS for Windows, ver. 25.0 (SPSS Inc., Chicago, IL, United States), with P < 0.05 defined as statistically significant.

RESULTS
Patient characteristics
Of 1888 patients, 1024 were included in the LI group and 864 were included in the HI group. The demographic characteristics of the patients and the clinicopathological features of the tumors are shown in Table 1. Demographic characteristics did not differ between the LI group and the HI group. In terms of pathologic features, patients in the HI group had a higher T and N stage and included more risk factors such as a high degree of malignant differentiation, PNI, or positive CRM. The average number of APCT studies performed per year was 1.8-fold higher in the HI group than in the LI group, and CCT was performed at a 2.4-fold higher rate in the HI group than in the LI group (P < 0.001) (Table 1). In patients with rectal cancer, positive CRM was higher in the HI group than in the LI group (Supplementary Table 1).

Oncologic outcomes according to surveillance intensity 
The number of APCT and CCT studies was significantly higher in patients who experienced recurrence than in those who did not (P < 0.001). Patients with recurrence were categorized into intra-abdominal and intra-thoracic according to site of recurrence. The number of APCT studies was higher in patients who experienced intra-abdominal recurrence, and the number of CCT studies was higher in patients who experienced intra-thoracic recurrence (P < 0.001) (Figure 1). Among patients with rectal cancer, 50 patients showed local recurrence, of which 21 (42%) were in the LI group and 29 (58%) were in the HI group. Analysis of APCT intensity in patients with rectal cancer showed no difference in the incidence of local recurrence according to APCT intensity (P = 0.860). Distant metastasis was confirmed in 509 patients, of which 193 were in the LI group and 316 were in the HI group. Curative treatment was possible in 143 patients, of which 48 were in the LI group and 95 were in the HI group. The curative resection rate according to surveillance intensity was higher in the HI group, although the difference was not statistically significant (25% vs 30%, P = 0.206).
The RFI was longer in the LI group than in the HI group (61 ± 33.95 mo vs 45 ± 28.35 mo, P < 0.001). In patients who experienced recurrence, the mean RFI remained longer in the LI group than in the HI group (23 ± 16.09 mo vs 19 ± 11.86 mo, P = 0.001). Both intra-abdominal RFI according to APCT intensity and intra-thoracic RFI according to CCT intensity were longer in the LI group than in the HI group (abdomen, 23 ± 16.38 mo vs 17 ± 11.39 mo, P < 0.001; chest, 26 ± 15.36 mo vs 20 ± 13.79 mo, P = 0.004) (Figure 2). The mean RFI in recurred patients did not differ significantly according to tumor location (colon, 22 ± 11.21 mo vs rectum, 20 ± 14.41 mo, P = 0.059).
Among patients who experienced recurrence, the mean PRS time did not differ according to surveillance intensity (35 ± 31.94 mo in the LI group and 34 ± 29.28 mo in the HI group; P = 0.802) (Figure 3). There was no difference in the PRS according to tumor location (colon, 29 ± 29.65 mo vs 37 ± 30.08 mo, P = 0.250; rectum, 36 ± 32.20 mo vs 33 ± 28.94 mo, P = 0.415). Curative resection was possible in 152 of all recurred patients, of which 51 (23.8%) were in the LI group and 101 (29.3%) were in the HI group (P = 0.160). Of the 51 patients in the LI group, seven (13.7%) had colon cancer and 44 (86.3%) had rectal cancer. In the HI group, 35 (34.6%) patients had colon cancer and 66 (55.4%) had rectal cancer. There was no difference in the rate of curative resection between surveillance intensity groups according to tumor location (colon, P = 0.673; rectum, P = 0.318). PRS according to the curative intent after recurrence was significantly longer in patients who underwent curative resection (54 ± 30.96 mo vs 27 ± 26.82 mo, P < 0.001).
The mean OS was significantly longer in the LI group (68 ± 31.89 mo) than in the HI group (58 ± 27.35 mo, P < 0.001) (Figure 4). Analysis of survival according to tumor location showed that OS was longer in the LI group regardless of tumor location (colon, 74 ± 27.84 mo vs 56 ± 23.66 mo, P < 0.001; rectum, 65 ± 33.58 mo vs 59 ± 29.12 mo, P = 0.001).

Factors associated with oncologic outcomes 
Univariate analysis identified factors affecting OS. Age, sex, surveillance intensity, pathologic differentiation, pathologic T and N stages, LVI, PNI, and CRM in rectal cancer significantly affected OS (P < 0.05). In the multivariate analysis, age, sex, surveillance intensity, differentiation, pathologic T stage, LVI, PNI, and CRM in rectal cancer were significantly associated with OS (Table 2).
Univariate analysis of factors affecting RFI indicated that surveillance intensity, differentiation, pathologic T stage, pathologic N stage, LVI, PNI, and CRM in rectal cancer significantly affected RFI (P < 0.05). In the multivariate analysis, surveillance intensity, pathologic T stage, PNI, and CRM in rectal cancer were significantly associated with RFI. Among patients who experienced intra-abdominal recurrence, APCT intensity, differentiation, pathologic T stage, PNI, and CRM in rectal cancer were significantly associated with RFI. In patients with intra-thoracic recurrence, CCT intensity, differentiation, pathologic T stage, LVI, PNI, and CRM in rectal cancer were significantly associated with RFI (Table 3).
Univariate analysis of patients who experienced recurrence to identify factors affecting PRS showed that age, differentiation, LVI, PNI, and curative resection were significantly associated with PRS. Multivariate analysis showed that age, differentiation, PNI, and curative resection were significantly associated with PRS. In patients with intra-abdominal recurrence, age, differentiation, PNI, and curative resection were associated with PRS, whereas in patients with intra-thoracic recurrence, only sex and curative resection affected PRS (Table 4). The results of univariate and multivariate analyses of patients with rectal cancer were comparable to the results for all patients (Supplementary Table 1).

DISCUSSION
Existing guidelines recommend surveillance after primary surgery with a curative intent for CRC[22-26], although consistent guidelines are lacking. The European Society of Medical Oncology recommends abdominal and chest CT every 6 to 12 mo for 3 years, and then yearly for 2 years for patients with colon cancer; however, there are no imaging recommendations for patients with rectal cancer. The American Society of Clinical Oncology guidelines recommend abdominal and chest CT annually for 3 years, and every 6 to 12 mo for the first 3 years for high-risk patients. The National Comprehensive Cancer Network guidelines suggest an abdominal CT scan for high-risk patients with poorly differentiated cancer or those with perineural or venous invasion, although there are no guidelines regarding frequency. The American Society of Colorectal Surgeons guidelines recommend chest and abdominopelvic imaging annually for 5 years.
The Gruppo Italiano Lavoro per la Diagnosi Anticipata trial launched in 1998 found that an intensive surveillance program after curative treatment for CRC detects asymptomatic local or distant recurrences but does not affect OS[27]. Similarly, the Follow-up After Colorectal Surgery randomized trial, the results of which were recently published, changed the original endpoint of unmeasured OS to a practical endpoint of surgical treatment of recurrence with curative intent[16]. Several meta-analyses and prospective randomized trials showed no survival benefit associated with intensive surveillance[15,18]. However, other studies showed an association between intensive surveillance and a significant reduction in mortality and increased OS[28,29].
In this study, patients were divided into LI and HI groups according to the number of imaging studies during the follow-up period. The average number of imaging studies was higher in patients with recurrence regardless of the location of recurrence. Patients in the HI group had higher pathologic T and N stages and were more likely to have risk factors such as LVI and PNI. This suggests a tendency to perform surveillance more frequently in patients with a high risk of recurrence. Among rectal cancer patients, 50 had local recurrence, most of which were lateral pelvic lymph node recurrence except in four patients with anastomosis recurrence. Among patients with local recurrence, 21 were in the LI group and 29 were in the HI group, and the detection rate of local recurrence did not differ between the two groups. Of the 50 patients with local resection, 16 underwent surgical resection, of which 10 achieved curative resection. Four patients (19%) in the LI group and six patients (21%) in the HI group were eligible for curative resection, and there was no difference according to surveillance intensity (P = 0.886) even after stratifying patients according to APCT intensity (P = 0.382). This result could be due to the small number of patients with local recurrence, of whom few underwent curative treatment. The remaining 17 patients received palliative treatment, such as chemotherapy or radiotherapy, and had a short-term follow-up because metastasis was unclear when first detected. In these patients, metastasis to distant lymph nodes or distant organs was found during follow-up, and the patients were not eligible for curative treatment. These results indicate that the current imaging surveillance guidelines, which is based on CT, may result in a missed local recurrence that can be treated with curative resection in approximately 35% of patients. The accuracy of CT scans for detecting recurrence is limited regardless of imaging frequency. Therefore, additional examinations or surgical treatment rather than short-term follow-up could improve the chances of curative resection in patients suspected of recurrence. 
Survival analysis showed that OS and RFI were longer in the LI group than in the HI group, whereas PRS did not differ between the two groups. The shorter OS and RFI could be related to the higher aggressive biology of the HI group. Analysis of patients who did not experience recurrence showed that OS was approximately 10 mo shorter in the HI group than in the LI group. Although not statistically significant, the probability of curative resection of recurrent lesions was slightly higher in the HI group. Analysis of survival according to surveillance intensity after dividing patients based on initial tumor location (colon and rectum) did not show statistically significant differences between the groups. Pathologic risk factors, such as degree of differentiation, PNI, and LVI, had a greater effect on OS, RFI, and PRS than surveillance intensity. In particular, curative resection had a greater effect on PRS than surveillance intensity. The PRS of recurred patients was 2-fold longer in those who received curative resection than in those who did not (54 mo vs 27 mo, respectively). The results of multivariate analysis confirmed that curative resection improves PRS. However, when analyzing only patients who underwent curative resection, there was no difference in OS or PRS according to imaging intensity. This suggests that although imaging intensity itself does not improve OS or PRS, intensive surveillance can increase the possibility of curative resection, thereby improving PRS. Furthermore, the aggressive biology of the HI group may mitigate the benefit of curative resection of recurrence. Assessment of the effect of surveillance intensity on PRS may have been affected by the small number of patients who underwent curative treatment for recurrence in this study.
This study has several limitations. First, it was a retrospective, observational cohort study, and patients were not randomized. Surveillance intensity can vary according to the patient’s condition at the time of treatment, which may have resulted in selection bias. Second, the average surveillance schedule may have differed depending on the physician. Additional research is needed to determine the standard routine surveillance in our institution.

CONCLUSION
In conclusion, in patients with stage III CRC, frequent postoperative image studies alone do not improve OS and RFI. Curative resection is the most important factors to improve PRS and we need to find a way to increase curative treatment of recurrent disease via optimal surveillance. Therefore, role of other imaging modalities according to risk of recurrence would be evaluated rather than increasing surveillance frequency to improve oncologic outcomes.

ARTICLE HIGHLIGHTS
Research background
Optimal surveillance strategies for stage III colorectal cancer (CRC) are lacking, and intensive surveillance has not conferred a significant survival benefit.

Research motivation
Evaluating appropriate surveillance intensity would be helpful to improve oncologic outcomes or decrease un-necessary imaging studies during surveillance.

Research objectives
We examined the association between surveillance intensity and recurrence and survival rates in patients with stage III CRC.

Research methods
Data from patients with pathologic stage III CRC who underwent radical surgery between January 2005 and December 2012 at Asan Medical Center, Seoul, Korea were retrospectively reviewed. Surveillance consisted of abdominopelvic computed tomography (CT) every 6 mo and chest CT annually during the 5 year follow-up period, resulting in an average of three imaging studies per year. Patients who underwent more than the average number of imaging studies annually were categorized as high intensity (HI), and those with less than the average were categorized as low intensity (LI).

Research results
Among 1888 patients, 864 (45.8%) were in HI group. The HI group had more advanced T and N stage (P = 0.002, 0.010, each). A high degree of malignant differentiation was more common in the HI group than in the LI group (P = 0.027). Perineural invasion (PNI) was significantly more identified in the HI group (21.4% vs 30.3%, P < 0.001). 
The mean overall survival (OS) and Recurrence-free interval (RFI) was longer in the LI group (P < 0.001, each). Multivariate analysis indicated that surveillance intensity was negatively associated with RFI [odds ratio (OR) = 1.999; 95% confidence interval (CI): 1.680–2.377; P < 0.001] and OS [OR = 1.531, 95%CI: 1.295–1.808; P < 0.001]. The mean post-recurrence survival (PRS) was significantly longer in patients who received curative resection (P < 0.001). Curative resection rate of recurrence was not different between HI (29.3%) and LI (23.8%) groups (P = 0.160). PRS did not differ according to surveillance intensity (P = 0.802).

Research conclusions
Frequent postoperative surveillance with CT scan alone do not improve OS and RFI. Curative resection is the most important factors to improve PRS and we need to find a way to increase curative treatment of recurrent disease via optimal surveillance.

Research perspectives
Role of other imaging modalities according to risk of recurrence would be evaluated rather than increasing surveillance frequency to improve oncologic outcomes.
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Figure Legends
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Figure 1 Number of imaging studies during surveillance period based on the development of recurrence. A: Mean number of abdomino-pelvic computed tomography (APCT) and chest computed tomography (CCT) studies were higher in the recurrence group (APCT, 2.63 ± 1.64 vs 1.77 ± 0.66; CCT, 1.27 ± 1.24 vs 0.91 ± 0.49; P < 0.001, each); B: In patients with intra-abdominal recurrence, mean number of APCT studies were higher in the recurrence group (APCT, 2.75 ± 1.79 vs 1.85 ± 0.79, P < 0.001; CCT, 1.09 ± 1.13 vs 1.00 ± 0.71, P = 0.060); C: In patients with intra-thoracic recurrence, mean number of APCT and CCT studies were higher in the recurrence group (APCT, 2.41 ± 1.21 vs 1.97 ± 1.09; CCT, 1.58 ± 1.34 vs 0.93 ± 0.66; P < 0.001, each). APCT: Abdomino-pelvic computed tomography; CCT: Chest computed tomography.
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Figure 2 Kaplan–Meier analyses of recurrence-free interval according to surveillance intensity. Recurrence-free interval was significantly longer in low intensity group.
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Figure 3 Kaplan–Meier analyses of post-recurrence survival according to surveillance intensity. Surveillance intensity did not show difference in post-recurrence survival.
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Figure 4 Kaplan–Meier analyses of overall survival according to surveillance intensity. High intensity group had lower overall survival rate than low intensity group.
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Table 1 Demographic and clinical characteristics of participants according to surveillance intensity (n = 1888)
	Variables
	Surveillance intensity
	P value

	
	Lower intensity (n = 1024)
	Higher intensity (n = 864)
	

	Age, mean (IQR)
	60.0 (52.0–68.0)
	58.0 (50.3–67.0)
	0.178

	Gender, n (%)
	
	
	0.502

	  Male
	607 (59.3)
	528 (61.1)
	

	  Female
	417 (40.7)
	336 (38.9)
	

	Cancer site, n (%)
	
	
	0.795

	  Colon
	365 (35.6)
	303 (35.1)
	

	  Rectum
	659 (64.4)
	561 (64.9)
	

	Differentiation, n (%)
	
	
	0.027

	  WD/MD
	945 (92.3)
	781 (90.4)
	

	  PD/SRC/MUC
	72 (7.0)
	82 (9.5)
	

	  Unknown
	7 (0.7)
	1 (0.1)
	

	Total lymph nodes, n (%)
	
	
	0.001

	  < 12
	129 (12.6)
	49 (5.7)
	

	  ≥ 12
	895 (87.4)
	815 (94.3)
	

	(y) pT, n (%)
	
	
	0.002

	  0
	12 (1.2)
	6 (0.7)
	

	  1
	66 (6.4)
	36 (4.2)
	

	  2
	126 (12.3)
	89 (10.3)
	

	  3
	770 (75.2)
	660 (76.4)
	

	  4
	50 (4.9)
	73 (8.4)
	

	(y) pN, n (%)
	
	
	0.010

	  1c
	14 (1.4)
	8 (0.9)
	

	  1
	735 (71.8)
	570 (66.0)
	

	  2
	275 (26.8)
	286 (33.1)
	

	Perineural invasion, n (%)
	219 (21.4)
	262 (30.3)
	< 0.001

	Lymphovascular invasion, n (%)
	371 (36.2)
	344 (39.8)
	0.110

	Resection margin, n (%)
	
	
	0.004

	  Positive
	18 (1.7)
	41 (4.7)
	

	  Unknown
	7 (0.7)
	8 (0.9)
	

	[bookmark: _Hlk55558782]APCT, mean ± SD
	1.49 ± 0.47
	2.67 ± 1.31
	< 0.001

	CCT, mean ± SD
	0.62 ± 0.41
	1.48 ± 0.91
	< 0.001

	Total imaging studies, mean ± SD
	2.11 ± 0.58
	4.14 ± 1.64
	< 0.001


IQR: Inter-quartile range; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma; APCT: Abdomino-pelvic computed tomography; SD: Standard deviation; CCT: Chest computed tomography.
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Table 2 Factors affecting overall survival of participants
	Factors
	Univariate
	Multivariate

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Age (yr)
	1.027 (1.019–1.035)
	< 0.001
	1.031 (1.023–1.039)
	< 0.001

	Sex
	0.704 (0.592–0.836)
	< 0.001
	0.711 (0.598–0.845)
	< 0.001

	Surveillance intensity
	1.650 (1.400–1.945)
	< 0.001
	1.531 (1.295–1.808)
	< 0.001

	Differentiation
	
	
	
	

	  WD/MD
	Ref.
	
	Ref.
	

	  PD/SRC/MUC
	1.832 (1.424–2.356)
	< 0.001
	1.660 (1.285–2.143)
	< 0.001

	(y) pT stage
	
	
	
	

	  0–2
	Ref.
	
	Ref.
	

	  3–4
	1.937 (1.491–2.516)
	< 0.001
	1.461 (1.111–1.921)
	0.007

	
(y) pN stage
	
	
	
	

	  1c
	Ref.
	
	Ref.
	

	  1
	5.136 (0.721–36.571)
	0.102
	4.754 (0.667–33.906)
	0.120

	  2
	9.322 (1.308–66.457)
	0.026
	7.067 (0.988–50.556)
	0.051

	Lymphovascular invasion
	1.607 (1.365–1.891)
	< 0.001
	1.256 (1.057–1.491)
	0.010

	Perineural invasion
	1.818 (1.535–2.154)
	< 0.001
	1.466 (1.224–1.755)
	< 0.001

	Resection margin1
	1.972 (1.360–2.860)
	< 0.001
	1.603 (1.097–2.341)
	0.015


1Resection margin indicated circumferential resection margin, and were calculated with rectal cancer patients. OR: Odds ratio; CI: Confidence interval; Ref: Reference; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma.
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Table 3 Factors affecting recurrence-free interval of participants
	Factors
	Univariate
	Multivariate

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Age (yr)
	0.995 (0.987–1.002)
	0.165
	0.999 (0.991–1.006)
	0.715

	Sex
	0.907 (0.765–1.076)
	0.262
	
	

	Surveillance intensity
	2.218 (1.870–2.632)
	< 0.001
	1.999 (1.680–2.377)
	< 0.001

	Differentiation
	
	
	
	

	  WD/MD
	Ref.
	
	Ref.
	

	  PD/SRC/MUC
	1.507 (1.151–1.974)
	0.003
	1.287 (0.979–1.694)
	0.071

	(y) pT stage
	
	
	
	

	  0–2
	Ref.
	
	Ref.
	

	  3–4
	2.118 (1.610–2.785)
	< 0.001
	1.596 (1.197–2.127)
	0.001

	
(y) pN stage
	
	
	
	

	  1c
	Ref.
	
	Ref.
	

	  1
	2.737 (0.682–10.989)
	0.156
	2.501 (0.621–10.063)
	0.197

	  2
	5.260 (1.308–21.156)
	0.019
	3.813 (0.943–15.413)
	0.060

	Lymphovascular invasion
	1.460 (1.236–1.724)
	< 0.001
	1.143 (0.957–1.364)
	0.140

	Perineural invasion
	1.949 (1.641–2.313)
	< 0.001
	1.431 (1.192–1.719)
	< 0.001

	Resection margin1
	2.192 (1.529–3.144)
	< 0.001
	1.565 (1.083–2.262)
	0.017


1Resection margin indicated circumferential resection margin, and were calculated with rectal cancer patients. OR: Odds ratio; CI: Confidence interval; Ref: Reference; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma.
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Table 4 Factors affecting post-recurrence survival of participants
	Factors
	Univariate
	Multivariate

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Age (yr)
	1.015 (1.007–1.024)
	< 0.001
	1.015 (1.006–1.024)
	0.001

	Sex
	0.824 (0.676–1.004)
	0.054
	0.842 (0.688–1.032)
	0.098

	Image intensity
	0.971 (0.799–1.179)
	0.767
	
	

	Differentiation
	
	
	
	

	  WD/MD
	Ref.
	
	Ref.
	

	  PD/SRC/MUC
	2.632 (1.779–3.137)
	< 0.001
	2.072 (1.553–2.766)
	< 0.001

	(y) pT stage
	
	
	
	

	  0–2
	Ref.
	
	
	

	  3–4
	1.146 (0.833–1.576)
	0.401
	
	

	
(y) pN stage
	
	
	
	

	  1c
	Ref.
	
	
	

	  1
	2.139 (0.300–15.256)
	0.448
	
	

	  2
	3.363 (0.471–24.009)
	0.226
	
	

	Lymphovascular invasion
	1.456 (1.204–1.760)
	< 0.001
	1.152 (0.940–1.412)
	0.174

	Perineural invasion
	1.384 (1.141–1.677)
	0.001
	1.284 (1.045–1.579)
	0.018

	Resection margin1
	1.416 (0.966–2.075)
	0.075
	1.266 (0.856–1.871)
	0.237

	Curative resection
	0.296 (0.229–0.381)
	< 0.001
	0.331 (0.255–0.428)
	< 0.001


1Resection margin indicated circumferential resection margin, and were calculated with rectal cancer patients. OR: Odds ratio; CI: Confidence interval; Ref: Reference; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma.
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