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Background: Colorectal cancer (CRC) is the third most common cancer
worldwide. Patients diagnosed with stage I CRC typically do not require
postoperative adjuvant treatment. However, postoperative recurrence is
present in at least 40% of patients with CRC and often occurs in those with
stage I disease. This study aimed to elucidate the current status of recurrence
and clinicopathological characteristics in patients with stage I CRC.
Methods: Data of indicated patients were obtained from 18 registries in
Surveillance, Epidemiology, and End Results (SEER). The multivariable Fine–
Gray regression model was used to identify the mortality risk of patients.
Disparities in survival were analyzed using Kaplan–Meier curves. Logistic
regression was employed to identify factors associated with recurrent
risk overestimation.
Results: Our study indicated a recurrence rate of 15.04% (1,874/12,452) in stage
I CRC cases. Notably, we identified race, age, T stage, and carcinoembryonic
antigen (CEA) levels as independent risk factors for tumor recurrence,
substantially impacting prognosis. Furthermore, gender, race (Black), age (>65
years), elevated CEA levels, and refusal or unknown status regarding radiotherapy
significantly correlated with an adverse prognosis in patients with stage I CRC.
Conclusions: We identified certain key clinicopathological features of patients
with stage I CRC and demonstrated the survival benefits of radiotherapy,
offering a new perspective on stage I CRC follow-up and
treatment recommendations.

KEYWORDS

stage I colorectal cancer (stage I CRC), recurrence, survival, radiotherapy, colorectal
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Introduction

Colorectal cancer (CRC) ranks as the third most prevalent cancer globally and is the

second-largest contributor to cancer-related fatalities (1, 2). Despite the implementation of

population-based CRC screening in the 1990s, which led to a more than 35% reduction in

CRC incidence across the general population, a concerning trend has emerged: there has

been an almost two-fold increase in CRC incidence among younger adults within the same

time frame (3–6).
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fsurg.2024.1388250&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fsurg.2024.1388250
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1388250/full
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1388250/full
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1388250/full
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1388250/full
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1388250/full
https://www.frontiersin.org/journals/Surgery
https://doi.org/10.3389/fsurg.2024.1388250
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


TABLE 1 Characteristics of patients with stage I CRC.

Characteristic Values (N = 40,978), n (%)
Gender

Male 21,085 (51.45)

Female 19,893 (48.55)

Race

White 31,464 (76.78)
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Surgery and chemotherapy are the most common therapeutic

approaches for CRC. Surgery is used for stage I CRC and yields a

5-year survival rate of approximately 90% (7). Despite

advancements in surgical methodologies and postoperative

monitoring, the recurrence of CRC after pathologically

confirmed complete resection remains a formidable challenge.

Recurrence impacts a minimum of 40% of patients with CRC,

often manifesting within the initial 3 years of disease emergence

(8). According to the National Comprehensive Cancer Network

(NCCN) guidelines, patients diagnosed with stage I CRC

typically do not require postoperative adjuvant treatment

(9, 10) and are usually advised to undergo follow-up

examinations every 6 months postsurgery (9). However, real-

world clinical observations often indicate postoperative

recurrence in patients with stage I CRC (11). Additionally,

patients with large tumors, previously assumed to require

chemotherapy, are occasionally diagnosed with stage I CRC

(12). Consequently, this study aimed to characterize the current

landscape of recurrence patterns and clinicopathological

characteristics among patients with stage I CRC.

Black 4,944 (12.07)

Other 3,995 (9.75)

Unknown 575 (1.40)

Age (years)

<65 20,219 (49.34)

≥65 20,759 (50.66)

Tumor size (cm)

<2 16,331 (39.85)

2–5 12,561 (30.65)

5–10 2,554 (6.23)

>10 176 (0.43)

Unknown 9,356 (22.83)

Grade

Grade Ⅰ 8,155 (19.90)

Grade Ⅱ 24,636 (60.12)

Grade Ⅲ 2,308 (5.63)

Grade Ⅳ 370 (0.90)

Unknown 5,509 (13.44)

T stage

T1 26,365 (64.34)

T2 14,613 (35.66)

CEA pretreatment

Negative/normal/borderline 12,968 (31.65)

Positive/elevated 3,412 (8.33)

Unknown 24,598 (60.03)

Chemotherapy

Yes 2,721 (6.64)

No/unknown 38,257 (93.36)

Radiotherapy

Yes 2,524 (6.16)

Refused 95 (0.23)

Unknown 38,359 (93.61)

Radiation record
Methods

Patients

We obtained all data from 18 registries of the Surveillance,

Epidemiology, and End Results (SEER) using SEER * Stat 8.4.1

software. Ethical approval was not required since SEER is a

publicly available database. Our study focused on patients who

were diagnosed with stage I CRC between 2010 and 2015

according to the International Classification of Diseases for

Oncology, 3rd edition (ICD-O-3) site codes (C18.0–C18.9, C19.9,

C20.9) and ICD-O-3 behavior codes (malignant). Extracted

variables included patient identification, age at diagnosis, gender,

race, tumor grade, tumor size, American Joint Committee on

Cancer (seventh edition) T stage, carcinoembryonic antigen

(CEA) status, surgery code, treatment (chemotherapy, radiation),

vital status, and survival duration in months. We excluded

patients with incomplete clinical data, those diagnosed by

autopsy, or those solely reported in death certificates.

We established a variable to track local recurrence by forming

a patient cohort that met our inclusion criteria. This cohort

comprised individuals with an initial tumor at a specific site

who later developed the same tumor at an identical location

(including tumors in situ). during subsequent follow-up. More

precisely, the identification of CRC in situ at the original site,

based on ICD site codes, constituted the definition of a

local recurrence.

Before surgery 1,280 (3.12)

After surgery 583 (1.42)

Before and after surgery 40 (0.10)

Recurrence

Yes 5,935 (14.48)

No 35,043 (85.52)

Other races include Asian or Pacific Islander and American Indian/Alaska Native.

CRC, colorectal cancer; CEA, carcinoembryonic antigen.
Statistical analysis

We conducted comparisons among patient demographics,

tumor characteristics, and treatment details using the χ2 test.

To pinpoint the independent predictors of recurrence in
Frontiers in Surgery 02
patients with CRC, logistic regression analysis was employed.

Covariates linked to overall survival (OS) were evaluated via a

multivariable Cox proportional hazards model. The

proportional hazards assumption was assessed using Kaplan–

Meier curves and time-dependent covariates. In instances

where this assumption was violated, the time-dependent Cox

model was used. The findings were presented as hazard ratios

(HRs) accompanied by 95% confidence intervals (CIs).

Statistical analyses were carried out using SPSS Version 22.0

(IBM Corp.) and GraphPad Prism Version 8 (GraphPad

Software) software.
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TABLE 2 Characteristics of patients with stage I CRC by recurrence status.

Characteristic Nonrecurrence
(N = 10,578), n (%)

Recurrence
(N = 1,874), n (%)

Gender

Male 5,406 (51.11) 1,056 (56.35)

Female 5,172 (48.89) 818 (43.65)

Race

White 8,397 (79.38) 1,540 (82.18)

Black 1,127 (10.65) 180 (9.61)

Other 1,054 (9.96) 154 (8.22)

Age (years)

<65 4,767 (45.07) 651 (34.74)

≥65 5,811 (54.93) 1,223 (65.26)

Tumor size (cm)

<2 4,057 (38.35) 745 (39.76)

2≤–<5 5,392 (50.97) 923 (49.25)

5≤–<10 1,066 (10.08) 196 (10.46)

≥10 63 (0.60) 10 (0.53)

Grade

Grade Ⅰ 1,404 (13.27) 235 (12.54)

Grade Ⅱ 8,296 (78.43) 1,476 (78.76)

Grade Ⅲ 748 (7.07) 142 (7.58)

Grade Ⅳ 130 (1.23) 21 (1.12)

T stage

T1 4,328 (40.92) 764 (40.77)

T2 6,250 (59.08) 1,110 (59.23)

CEA pretreatment

Negative/normal/borderline 8,556 (80.88) 1,453 (77.53)

Wang and Song 10.3389/fsurg.2024.1388250
Results

Clinical characteristics of the enrolled
patients

A total of 40,978 patients diagnosed with stage I CRC

between 2010 and 2015 were included in the study, and their

comprehensive clinicopathological details are presented in

Table 1. All patients underwent surgical treatment. Those

with incomplete information were excluded, such as in cases

where race, CEA status, grade, tumor size, or surgical details

were unknown (Figure 1). Upon final analysis, 12,452

patients were eligible for inclusion, comprising 10,578

patients (84.95%) with no recurrence and 1,874 patients

(15.04%) with tumor recurrence.

Among the 1,874 patients who experienced recurrence,

1,056 (56.35%) were male, 1,540 (82.18%) were White,

1,223 (65.26%) were aged over 65 years, and the majority

were diagnosed with T2 (59.23%) disease. Additionally, 421

(22.47%) were CEA positive, 127 (6.78%) underwent

chemotherapy, and 95 (5.07%) received radiotherapy.

Furthermore, detailed information on tumor size and grade

was collected. A comprehensive baseline analysis of

clinical characteristics based on recurrence status is

presented in Table 2.
Positive/elevated 2,022 (19.12) 421 (22.47)

Chemotherapy

Yes 724 (6.84) 127 (6.78)

No/unknown 9,854 (93.16) 1,747 (93.22)

Radiotherapy

Yes 665 (6.29) 95 (5.07)

Refused 19 (0.18) 7 (0.37)

Unknown 9,894 (93.53) 1,772 (94.56)

Radiation record

Before surgery 485 (4.58) 56 (2.99)

After surgery 160 (1.51) 36 (1.92)

Before and after surgery 15 (0.14) 3 (0.16)

Other races include Asian or Pacific Islander and American Indian/Alaska Native.

CRC, colorectal cancer; CEA, carcinoembryonic antigen.

FIGURE 1

Flowchart for the surveillance, epidemiology, and end results data
screening.
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Mortality risk analysis of stage I CRC

To investigate the factors influencing survival in stage I CRC,

we conducted both univariate and multivariate Cox regression

analyses. Figure 2 illustrates the associations with an

overestimation of mortality risk. Male gender exhibited a higher

risk of mortality overestimation in comparison to female gender

(female vs. male: HR = 0.850; 95% CI: 0.787–0.919; P < 0.01).

Moreover, Black individuals demonstrated a greater likelihood of

mortality risk overestimation (Black vs. White: HR = 1.334; 95%

CI: 1.185–1.503; P < 0.01), and other races were associated with a

significant protective effect (other vs. White: HR = 0.708; 95% CI:

0.608–0.826; P < 0.01). Age over 65 years emerged as an

independent risk factor (<65 vs. ≥65 years: HR = 0.296; 95% CI:

0.269–0.326; P < 0.01). Additionally, patients classified as T2

exhibited a heightened mortality risk compared to those classified
frontiersin.org
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FIGURE 2

Forest plot of Cox regression analysis for assessing the risks associated with survival in patients with stage I CRC. CRC, colorectal cancer.
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as T1 (T1 vs. T2: HR = 0.804; 95% CI: 0.741–0.872; P < 0.01).

Elevated pretreatment CEA levels were also linked to increased

mortality risk in contrast to normal CEA levels (negative/normal

vs. positive/elevated: HR = 0.586; 95% CI: 0.538–0.638; P < 0.01).

Furthermore, individuals who experienced recurrence

demonstrated a higher mortality risk compared to those without

recurrence (nonrecurrence vs. recurrence: HR = 0.713; 95% CI:

0.651–0.782; P < 0.01).

Additional analysis with the Kaplan–Meier survival curve

highlighted significantly worse survival rates among patients

with stage I CRC with recurrent lesions (Figure 3A). In

patients with recurrent CRC, those of Black race (P = 0.0030),

age over 65 years (P < 0.0001), with a tumor size of >5 and

≤10 cm (P = 0.0035), T2 stage (P = 0.0005), and positive/

elevated CEA levels (P < 0.0001) exhibited a significantly poorer

survival (Figure 3). The Kaplan–Meier survival curve analysis,

conducted based on gender (P = 0.1932), grade (P = 0.8925),

chemotherapy (P = 0.4963), radiotherapy (P = 0.5098), and

radiation recode (P = 0.8758), revealed no significant differences

(Supplementary Figure S1).
Recurrence risk analysis of patients with
stage I CRC

A subsequent Cox regression analysis was conducted to assess

the risks associated with survival in patients with CRC recurrence.

The findings revealed that several factors were independently

associated with the survival of patients with recurrent stage

I CRC: age (<65 vs. ≥65 years: HR = 0.462; 95% CI: 0.3379–

0.564; P < 0.001), race (Black vs. White: HR = 1.435; 95% CI:

1.121–1.837, P = 0.004; other vs. White: HR = 0.705; 95%

CI: 0.504–0.985, P = 0.041), T stage (T1 vs. T2: HR = 0.82; 95%
Frontiers in Surgery 04
CI: 0.690–0.969, P = 0.020), and CEA status (negative/normal

vs. positive/elevated: HR = 0.641; 95% CI: 0.537–0.766;

P < 0.0001) (Figure 4).

Next, to explore risks associated with tumor recurrence among

patients with stage I CRC, we conducted univariate and

multivariate logistic regression analyses. Our findings indicated

that female gender (HR = 0.781; 95% CI: 0.707–0.863; P < 0.01),

Black race (HR = 0.812; 95% CI: 0.679–0.971; P = 0.022), age

under 65 years (HR = 0.654; 95% CI: 0.590–0.726; P < 0.01), a

negative/normal CEA level (HR = 0.816; 95% CI: 0.723–0.920;

P = 0.001), and radiotherapy (HR = 0.809; 95% CI: 0.654–0.924;

P = 0.041) were associated with a decreased likelihood of

recurrence among patients with stage I CRC (Figure 5).
Discussion

Cancer recurrence stands as a primary concern during the

follow-up phase for patients diagnosed with CRC. More than

50% of patients with CRC experience recurrence within 2

years after surgery (13, 14), which is considered one of the

main factors affecting patient prognosis. Preventing tumor

recurrence can significantly improve the prognosis of these

patients. While the consensus holds that patients with stage

I CRC typically do not require postoperative adjuvant

treatment but should be followed up every 6 months

postsurgery, clinical observations often reveal postoperative

recurrences among these patients. Hence, there is a need to

analyze the current landscape of recurrence patterns

and clinicopathological characteristics among patients with

stage I CRC to inform appropriate follow-up and

therapeutic strategies for early recurrence detection and

curative treatment.
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FIGURE 3

The Kaplan–Meier survival curve of patients with stage I CRC. (A) The Kaplan–Meier survival curve by recurrence status; (B-F) the Kaplan–Meier
survival curve by race, age, tumor size, T stage, and CEA levels. CRC, colorectal cancer; CEA, carcinoembryonic antigen.
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In previous research, the recurrence rate of CRC was reported

as infrequent, ranging between 2.4% and 10% (15–19). In our study

group, we observed a recurrence rate of 15% in stage I CRC,

notably surpassing the rates reported in earlier research. Our

results suggest that the recurrence rate of stage I CRC has

increased, which may mean a larger burden on the treatment of

CRC. Moreover, our study notably identified that Black and

other non-White races, age over 65 years, and T2 stage were

independent risk factors for tumor recurrence. These findings

underscore the necessity for heightened vigilance during follow-

up to mitigate recurrence or to promptly detect its onset in

patients with these characteristics. Despite Nicholson et al.’s

research indicating that CEA alone lacks the requisite sensitivity,

even with a low threshold for recurrence detection in CRC
Frontiers in Surgery 05
patients (20), elevated CEA levels emerged as an independent

risk factor for stage I CRC recurrence in our study. Interestingly,

we identified a tumor size ≤5 cm as an independent risk factor

for tumor recurrence in stage I CRC, which is somewhat

counterintuitive. According to the NCCN Clinical Practice

Guidelines in Oncology, patients with stage I CRC usually do not

need to receive radiotherapy (9, 10). Another noteworthy finding

of our study was that although radiotherapy could not reduce

tumor recurrence in patients, it was significantly associated with

an improved prognosis. This discovery offers a new perspective

on whether radiotherapy should be recommended for patients

with early-stage CRC.

Radiotherapy alone may be considered a curative approach in

select cases of early-stage rectal cancer, particularly for T1N0M0
frontiersin.org
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FIGURE 4

Forest plot of Cox regression analysis to assess the risks associated with survival in patients with recurrence.

FIGURE 5

Forest plot of univariate and multivariate logistic regression analysis to assess the risks associated With recurrence.
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tumors, where it can achieve significant local control with minimal

adverse effects. This treatment strategy allows for the preservation

of the rectum and avoids the morbidity associated with surgery.

Furthermore, we acknowledge the limitations of this approach,

including the potential for local recurrence and the need for

vigilant follow-up and management strategies to monitor and

address any adverse effects.

In conclusion, we identified certain specific clinicopathological

features for patients with stage I CRC and demonstrated the survival
Frontiers in Surgery 06
benefits of radiotherapy. These findings provide us with a new

perspective on stage I CRC follow-up and treatment recommendations.
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