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Elevated postoperative 
carcinoembryonic antigen guides 
adjuvant chemotherapy for stage II 
colon cancer: a multicentre cohort 
retrospective study
Hongjiang Pu 1,8, Wei Yang 1,8, Mengmei Liu 2,8, Xiaolin Pang 3, Yaxue Chen 4 & 
Qiuxia Xiong 5,6,7*

Most clinical doctors rely on high-risk factors recommended by guidelines to decide whether to 
undergo adjuvant chemotherapy for stage II colon cancer. However, these high-risk factors do not 
include postoperative carcinoembryonic antigen (CEA). This study aims to explore the elevation 
of postoperative CEA as a risk factor, in addition to other high-risk factors, to guide adjuvant 
chemotherapy for patients with stage II colon cancer. A retrospective analysis was conducted on stage 
II colon cancer patients who underwent curative surgery at Yunnan Cancer Hospital and The Sixth 
Affiliated Hospital of Sun Yat-Sen University from April 2008 to January 2019. Patients were classified 
into three groups based on high-risk factors recommended by guidelines and postoperative CEA 
levels: low-risk with normal postoperative CEA, low-risk with elevated postoperative CEA and high-
risk. COX regression analysis was used to identify independent prognostic factors affecting patients’ 
recurrence free survival (RFS). The Kaplan–Meier method was used to create the patients’ RFS curve. 
The restricted cubic spline (RCS) curve was used to assess the correlation between postoperative CEA 
and RFS on a continuous scale. Among 761 patients, there were 444 males (62.01%), with a median 
[IQR] age of 58.0 (18.0–88.0) years. A group of 425 high-risk patients had a 3-year RFS of 82.2% (95% 
CI 78.5–86.1%), while a group of 291 low-risk patients had a 3-year RFS of 89.7% (95% CI 86.1–93.5%). 
There was a statistically significant difference between the two groups (HR 1.83; 95% CI 1.22–2.74; 
P = 0.0067). Among them, the 3-year RFS of 261 low-risk patients with normal postoperative CEA was 
93.6% (95% CI 90.5–96.8%), while the 3-year RFS of 30 low-risk patients with elevated postoperative 
CEA was 57.3% (95% CI 41.8–71.4%). There was a significant difference compared to the 3-year 
RFS of 425 high-risk patients (overall log-rank P < 0.0001). The multivariate analysis adjusted by 
the COX proportional hazards model showed that low-risk patients with elevated postoperative 
CEA patients (HR 14.95, 95% CI 4.51–49.63, P < 0.0001) was independently associated with a 3-year 
RFS. The restricted cubic spline model showed that in stage II colon cancer patients with tumor 
diameter > 1.955 ng/mL, the risk of postoperative recurrence increased with increasing postoperative 
CEA levels. Patients with elevated postoperative CEA levels have a significantly increased risk of 
recurrence. They should be included as high-risk factors to guide adjuvant chemotherapy for stage II 
colon cancer.
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Abbreviations
RFS  Recurrence-free survival
CI  Confidence interval
HR  Hazard ratio
IQR  Interquartile range
CEA  Carcinoembryonic antigen
CA 19-9  Carcinoma antigen 19-9
NLR  Neutrophil lymphocyte ratio
LVI  Lymphovascular invasion
PNI  Perineural invasion

The incidence and mortality rates of colorectal cancer are increasing year by year  worldwide1. It is estimated that 
as of January 1, 2022, there were over 1.4 million men and women in the United States with colorectal cancer, 
and 151,030 new cases of this disease will be diagnosed in  20222. It poses a severe threat to the lives and health of 
people worldwide. Therefore, the diagnosis and treatment of colorectal cancer have become increasingly impor-
tant.  Guidelines3–6 recommend that the most important treatment for stage II colon cancer patients is curative 
surgical resection. However, some patients who undergo surgical resection are still at risk of recurrence and 
metastasis. Most clinicians mainly rely on high-risk factors recommended in the guidelines to decide whether 
to administer adjuvant chemotherapy to stage II colon cancer patients. Although  CSCO3,  ASCO4,  ESMO5, and 
 NCCN6 have identified high-risk factors for stage II colon cancer and recommended clinicians to consider 
adjuvant chemotherapy for patients with one or more of these high-risk factors, the currently recommended 
high-risk  factors3–6 include pT4, less than 12 lymph node dissections, poor histological differentiation, bowel 
perforation or obstruction, lymphovascular invasion, neural invasion, positive circumferential resection margin, 
mucinous carcinoma and tumor budding.

Adjuvant chemotherapy for patients with stage II colon cancer is a controversial area in oncology. Adjuvant 
chemotherapy aims to eradicate micrometastatic disease present at the time of surgery, prevent the development 
of distant metastatic disease and thus cure those patients of their cancer. National and international guidelines for 
adjuvant therapy for stage II colon cancer recommend a range of treatment options from observation to single-
agent or combination chemotherapy, depending on the presence of high-risk features. In a prospective study 
aimed at elucidating the role of adjuvant chemotherapy in stage II colon  cancer7, it was observed that patients 
who received adjuvant chemotherapy had a slightly improved overall survival (OS) rate, which was statistically 
significant. However, although adjuvant chemotherapy may play a role in treating patients with stage II colon 
cancer, it is modest and associated with an increased risk of chemotherapy-related complications and death.

Although less than 10% of low-risk stage II colon cancer patients in the United States National Cancer Data 
receive adjuvant chemotherapy. Low-risk stage II colon cancer patients who receive adjuvant chemotherapy 
show improved survival outcomes at 1, 3, and 5 years, with a relative risk reduction in mortality of 12%8. Adju-
vant chemotherapy is not routinely recommended for stage II colon cancer patients who do not belong to the 
high-risk subgroup. Therefore, it is essential to search for simple and effective prognostic indicators to predict 
the risk of postoperative recurrence in stage II colon cancer and guide whether adjuvant chemotherapy should 
be performed. However, these high-risk factors do not include carcinoembryonic antigen (CEA). Preoperative 
levels of CEA greater than 5 ng/mL or an increase in detected levels are associated with colon cancer  recurrence9. 
It is the most widely used prognostic indicator for colon cancer to  date10. In our latest  study11, 2160 colorectal 
cancer patients from three hospitals in China were enrolled. Preoperative CEA is not as effective as other risk 
factors in predicting colon cancer prognosis and cannot be used as a sole prognostic indicator for postoperative 
recurrence of colon cancer. Because some patients with elevated preoperative CEA levels return to normal after 
curative surgery, their prognosis needs to be evaluated in conjunction with postoperative CEA levels. Therefore, 
postoperative CEA is more important than preoperative  CEA12.

The aim of this study was to investigate the elevation of postoperative CEA as a risk factor for guiding adjuvant 
chemotherapy in stage II colon cancer patients, independent of other high-risk factors. Furthermore, we aimed 
to validate whether the prognostic impact of postoperative CEA depends on other high-risk factors.

Methods
Ethics approval and consent to participate
The Ethics Committees of Yunnan Cancer Hospital (No. KY201824) and the Sixth Affiliated Hospital of Sun Yat-
sen University (No. 2021ZSLYEC-051) have approved this retrospective study. The study adheres to the Helsinki 
Declaration and the Guidelines for Good Clinical Practice. Due to its retrospective nature, the requirement for 
informed consent was waived by the ethics Committees of Yunnan Cancer Hospital and the Sixth Affiliated 
Hospital of Sun Yat-sen University. All patient data in the investigation were anonymous. Written informed 
consent was obtained from all patients.

Study design and patient cohort
According to the STROBE  guidelines13, we retrospectively included 761 stage II colon cancer patients who 
underwent curative surgery from April 2008 to February 2019 at either Yunnan Cancer Hospital or the Sixth 
Affiliated Hospital of Sun Yat-sen University. Please refer to Fig. 1 for the study flowchart and detailed inclusion 
and exclusion criteria. Extract the CEA value closest to the surgery time from the electronic medical record. 
Postoperative CEA is defined as the final CEA value within 12 weeks after surgery or before the start of adjuvant 
chemotherapy (12). All CEA measurements at Yunnan Cancer Hospital are performed using the COBAS 800 
e602 immunoassay analyzer (Roche Diagnostics, Tokyo, Japan) and chemiluminescent immunoassay analyzer. 
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The Sixth Affiliated Hospital of Sun Yat-sen University uses the Alinity I immunoassay analyzer (Abbott Diag-
nostics, Chicago, USA) following the WHO standard method (code 73/601). The reference range for serum 
CEA is 0.0 to 5.0 ng/mL. Values above 5.0 ng/mL are considered elevated CEA, while values below 5.0 ng/mL 
are considered normal.

Meanwhile, collect demographic, clinical, and pathological data from patients. Extracted variables include 
age, gender, body mass index (BMI), pre- and postoperative serum carcinoembryonic antigen (CEA) levels, 
serum carbohydrate antigen 19-9 (CA19-9) levels, neutrophil-to-lymphocyte ratio (NLR), primary site (right or 
left colon), surgical approach (open or laparoscopic resection), tumor differentiation grade (well, moderately, or 
poorly differentiated), pathological T stage (T3 or T4), Lymph node yield (≥ 12 or < 12), mucinous type (yes or 
no), circumferential resection margin(positive or negative), adjuvant chemotherapy(yes or no), chemotherapy 
regime (fluorouracil [FU]/capecitabine, CAPOX/XELOX, FOLFOX, or other), chemotherapy cycles (< 6 or ≥ 6 
cycles).

These risk factors include pT4, < 12 lymph node dissections, poor histological differentiation, bowel perfora-
tion or obstruction, lymphovascular invasion, neural invasion, positive CRM, mucinous carcinoma. The high-risk 
group is defined as patients who have one or multiple risk factors simultaneously. The low-risk group is defined 
as other patients who do not have any high-risk factors.

Exposures
Divide patients into three groups: the low-risk with normal postoperative CEA group, the low-risk with elevated 
postoperative CEA group, and the high-risk group.

Surveillance protocol
The clinical evaluation of the patient includes serum CEA level detection, physical examination, imaging exami-
nations (CT/MRI/PET-CT), and colonoscopic biopsy. CEA levels should be measured every 3 to 6 months for a 
continuous period of 3 years. Imaging examinations, including plain and contrast-enhanced scans of the patient’s 
chest, abdomen, and pelvis, should be performed at least once every 12 months or at least once every 3 years. 
Colonoscopy is performed once a year after surgery, and once every 3 years thereafter. Colonoscopy, histologi-
cal examination or imaging examination confirms whether there is recurrence or distant metastasis in all cases.

2054 patients with stage I-III colon cancer diagnosed 

in Yunnan Provincial Cancer Hospital and the Sixth 

Affiliated Hospital of Sun Yat-sen University during 

2008-2019

425 patients with high risk of recurrence

Including one or more of the following 

pT4;

Less than 12 lymph node dissections; 

Poor histological differentiation; 

Intestinal perforation or obstruction; 

lymphovascular invasion

perineural invasion

Circumferential resection margin positive; 

Mucinous carcinoma

1216 Excluded 

(1)12 patients with second primary cancer, including 1 case 

of prostate cancer, 3 cases of breast cancer, 5 cases of thyroid, 

and 3 cases of bladder cancer; 

(2) 34 patients with double primary colorectal cancer, 

including simultaneity and metachronism; 

(3) 1016 patients with stage I and III colon cancer; 

(4) 36 patients with neoadjuvant therapy

(5) 118 Patients without postoperative CEA

838 patients with stage II colon 

cancer

261 patients with normalized postoperative CEA

67 patients with elevated 

postoperative CEA

649 patients with 

normalized postoperative 

CEA

291 patients with low risk of recurrence

716 Patients with follow-up for 

more than 3 years

122 Patients with postoperative 

follow-up less than 3 years

30 patients with elevated postoperative CEA

Figure 1.  Study flow chart.
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Outcomes
This study combines postoperative CEA levels to predict and evaluate the likelihood and value of recurrence in 
colon cancer patients after radical surgery. It is worth noting that disease-free survival refers to the time from 
surgery until the patient experiences recurrence, metastasis, or death. If a patient is lost to follow-up, the recur-
rence free survival (RFS) will be calculated based on the date of the last follow-up. All enrolled patients received 
a complete 3-year follow-up, and those who did not complete 3 years were not included in this study.

Statistical analysis
Continuous variables were presented as mean ± standard deviation (SD) for normally distributed data or median 
(interquartile range) for skewed data. Categorical variables were presented as frequency or percentage. Chi-
square or Fisher’s exact test (for discrete variables) and unpaired t-test, Wilcoxon signed-rank test, or analysis 
of variance (ANOVA) for continuous variables were used to compare patient characteristics. Survival analysis 
was conducted using the Kaplan–Meier method and log-rank test. All P values below 0.05 were statistically sig-
nificant. The COX proportional hazards regression model was used to evaluate factors independently associated 
with RFS. Variables included in the final multivariable model were selected based on their clinical relevance and 
statistical significance in univariate analysis (cutoff value, P < 0.05). Intestinal obstruction or perforation, and 
positive CRM were not included in the multivariable analysis due to their low positivity rates. The correlation 
between postoperative CEA and RFS was evaluated on a continuous scale using restricted cubic splines (RCS) 
curves. Subgroup analysis was performed based on known risk factors, and interaction tests were conducted 
through the COX regression model. The internal validation of the final multivariate model for RFS was per-
formed through a bootstrap sampling procedure (n = 1000 samples) on a population with an overall recurrence 
risk score. Statistical analysis was conducted using R software (version 3.6.3; http:// www.R- proje ct. org), SPSS 
28.0, and GraphPad Prism 8 for  plotting13.

Results
A total of 2054 patients with stage I to III rectal cancer who underwent surgical resection at Yunnan Cancer 
Hospital and Sixth Affiliated Hospital of Sun Yat-sen University from 2008 to 2019 were retrospectively collected, 
and 1338 patients were excluded (see Fig. 1 for inclusion and exclusion criteria). Finally, 716 patients with stage 
II colorectal cancer were included. Patients were divided into 2 groups according to guideline-recommended risk 
factors (3–6), of which 291 were low-risk patients and 425 were high-risk patients. Of the 291 low-risk patients, 
261 had normal postoperative CEA and 30 had elevated postoperative CEA (Fig. 1). Of the 761 patients, 444 
(62.01%) were male, and the median [IQR] age was 58.0 (18.0–88.0) years. The follow-up time exceeded 3 years, 
and they met the inclusion criteria. There were 97 cases of local recurrence and distant metastases, with a recur-
rence rate of 12.75%. The median follow-up time was 49.73 (95% CI 45.73–51.10) months. The clinicopathological 
characteristics are shown in Table 1.

Kaplan–Meier analysis of different groups
The 3-year RFS of 649 postoperative patients with normal CEA was 88.2% (95% CI 85.6–90.8%), while the 3-year 
RFS of 67 postoperative patients with elevated CEA was 58.2% (95% CI 47.2–71.4%). There was a statistically 
significant difference between the two groups (HR 4.28; 95% CI 2.08–8.81; P < 0.0001) (Fig. 2A). In the low-risk 
population (Fig. 2D), high-risk population (Fig. 2E), chemotherapy group (Fig. 3A), and non-chemotherapy 
group (Fig. 3D), there were statistically significant differences between the two groups of patients, leading to 
similar results.

The 3-year RFS of 425 high-risk patients was 82.2% (95% CI 78.5–86.1%), while that of 291 low-risk patients 
was 89.7% (95% CI 86.1–93.5%). There was a statistically significant difference between the two groups (HR 
1.83; 95% CI 1.22–2.74; P = 0.0067) (Fig. 2B). In the chemotherapy population (Fig. 3B), there was a statistically 
significant difference among the two patient groups, but no significant difference was observed among patients 
without chemotherapy (HR 1.53; 95% CI 0.58–4.09; P = 0.4) (Fig. 3E).

The 3-year RFS was 93.6% (95% CI 90.5–96.8%) for 261 low-risk patients with normal postoperative CEA, 
and 57.3% (95% CI 41.8–71.4%) for 30 low-risk patients with elevated postoperative CEA, showing a statistically 
significant difference compared to the 3-year RFS of 425 high-risk patients (overall log-rank P < 0.0001) (Fig. 2C). 
In both the chemotherapy group (Fig. 3C) and the non-chemotherapy group (Fig. 3F), there was a statistically 
significant difference among the three groups of patients, leading to similar results.

Among the 67 patients with postoperative CEA elevation, those who received adjuvant chemotherapy (n = 51) 
had a 20.2% reduction in recurrence risk compared to those without chemotherapy (n = 16) (43.0%, 95% CI 
23.8–77.8% vs. 63.2%, 95% CI 51.4–77.9%). However, it did not reach statistical significance (HR 0.55, 95% CI 
0.21–1.44, P = 0.14) (Fig. 2F).

Multivariate analyses of all variables
Table 2 shows the univariate and multivariate analysis of factors related to RFS. In the univariate analysis, neural 
invasion, preoperative elevation of CEA and CA199, preoperative NLR ≥ 3, postoperative elevation of CEA and 
CA199, and postoperative NLR ≥ 3 were associated with shortened RFS (P < 0.05). Multivariate analysis showed 
that postoperative elevations of CEA (HR 4.79, 95% CI 2.65–8.65, P < 0.0001) and CA199 (HR 2.69, 95% CI 
1.18–6.13, P = 0.0189) were independently associated with shorter RFS. After adjusting for confounding factors 
and incorporating multiple COX models, postoperative elevation of CEA in low-risk patients (HR, 14.95; 95% 
CI 4.51–49.63; P < 0.0001) was independently associated with 3-year RFS (Table 3). A restricted cubic spline 
model showed that the risk of recurrence after surgery increased with increasing postoperative CEA levels in 
stage II colon cancer patients with tumor diameter > 1.955 ng/mL (Fig. 4). Subgroup analysis of RFS also found 

http://www.R-project.org
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Variable Total (n = 716)

Postoperative CEA group

P-valueNormal postoperative CEA (n = 649) Elevated postoperative CEA (n = 67)

Preoperative CEA, ng/mL

 Mean (SD) 11.95 (29.04) 7.62 (13.13) 53.39 (73.79)  < 0.001

 Median (IQR) 3.53 (0.20–356.50) 3.14 (0.20–4.89) 23.51 (5.66–356.50)

Preoperative CA199, ng/mL

 Mean (SD) 34.54 (97.99) 32.96 (92.10) 49.54 (142.34) 0.188

 Median (IQR) 12.23 (0.60–1145.51) 12.04 (0.60–1145.51) 17.67 (0.60–1101.94)

Preoperative NLR

 Mean (SD) 3.02 (2.85) 2.99 (2.88) 3.35 (2.56) 0.410

 Median (IQR) 2.29 (0.06–26.89) 2.27 (0.06–26.89) 2.60 (1.06–14.13)

Postoperative CEA

 Mean (SD) 3.72 (12.43) 2.00 (1.04) 20.37 (36.78)  < 0.001

 Median (IQR) 1.96 (0.30–205.60) 1.79 (0.30–5.87) 7.64 (5.11–205.60)

Postoperative CA199

 Mean (SD) 16.59 (74.36) 12.03 (14.08) 60.77 (236.17)  < 0.001

 Median (IQR) 8.96 (0.60–1472.00) 8.82 (0.60–210.90) 11.95 (0.60–1472.00)

Postoperative NLR

 Mean (SD) 2.02 (1.76) 1.98 (1.76) 2.34 (1.84) 0.192

 Median (IQR) 1.65 (0.01–23.80) 1.64 (0.01–23.80) 1.80 (0.61–10.64)

Age (years)

 Mean (SD) 57.13 (12.01) 56.65 (11.95) 61.79 (11.73)  < 0.001

 Median (IQR) 58.00 (18.00–88.00) 58.00 (18.00–88.00) 63.00 (34.00–85.00)

BMI (kg/m2)

 Mean (SD) 22.56 (3.31) 22.63 (3.31) 21.85 (3.34) 0.111

 Median (IQR) 22.31 (13.89–40.40) 22.32 (13.89–40.40) 21.26 (15.62–28.91)

Hospital, n (%) 0.607

 YNCH 542 (75.70%) 493 (75.96%) 49 (73.13%)

 SYSU6 174 (24.30%) 156 (24.04%) 18 (26.87%)

Sex, no. (%) of patients 0.239

 Male 444 (62.01%) 398 (61.33%) 46 (68.66%)

 Female 272 (37.99%) 251 (38.67%) 21 (31.34%)

Surgical approach 0.103

 OR 436 (60.89%) 389 (59.94%) 47 (70.15%)

 LR 280 (39.11%) 260 (40.06%) 20 (29.85%)

Tumor differentiation 0.556

 Unknown 31 (4.33%) 27 (4.16%) 4 (5.97%)

 Well 36 (5.03%) 33 (5.08%) 3 (4.48%)

 Moderate 463 (64.66%) 416 (64.10%) 47 (70.15%)

 Poor-undifferentiated 186 (25.98%) 173 (26.66%) 13 (19.40%)

Mucinous type 0.905

 No 512 (72.93%) 465 (73.00%) 47 (72.31%)

 Yes 190 (27.07%) 172 (27.00%) 18 (27.69%)

T stage 0.254

 T3 632 (88.27%) 570 (87.83%) 62 (92.54%)

 T4 84 (11.73%) 79 (12.17%) 5 (7.46%)

Lymph node yield 0.418

 < 12 650 (90.78%) 591 (91.06%) 59 (88.06%)

 ≥ 12 66 (9.22%) 58 (8.94%) 8 (11.94%)

LVI 0.506

 No 683 (95.39%) 618 (95.22%) 65 (97.01%)

 Yes 33 (4.61%) 31 (4.78%) 2 (2.99%)

PNI 0.116

 No 673 (94.26%) 607 (93.82%) 66 (98.51%)

 Yes 41 (5.74%) 40 (6.18%) 1 (1.49%)

Adjuvant chemotherapy 0.202

 No 130 (18.16%) 114 (17.57%) 16 (23.88%)

Continued
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Table 1.  Baseline characteristics. Data are presented as median (IQR), mean (SD), or n (%). BMI body mass 
index, CEA carcinoembryonic antigen, CA 19-9 carcinoma antigen 19-9, NLR neutrophil lymphocyte ratio, 
LR laparoscopic resection, LVI lymphovascular invasion, OR open resection, PNI perineural invasion, YNCH 
Yunnan Cancer Hospital, SYSU6 the Sixth Affiliated Hospital of Sun Yat-sen University, CRM circumferential 
resection margin. P value, using Wilcoxon Mann–Whitney test, Chi-square test, or Fisher’s exact test, 
depending on whether the variable is continuous or categorical.

Variable Total (n = 716)

Postoperative CEA group

P-valueNormal postoperative CEA (n = 649) Elevated postoperative CEA (n = 67)

 Yes 586 (81.84%) 535 (82.43%) 51 (76.12%)

Primary site 0.840

 Right colon 387 (54.05%) 350 (53.93%) 37 (55.22%)

 Left colon 329 (45.95%) 299 (46.07%) 30 (44.78%)

Intestinal perforation/obstruction 0.537

 No 710 (99.16%) 644 (99.23%) 66 (98.51%)

 Yes 6 (0.84%) 5 (0.77%) 1 (1.49%)

CRM 0.577

 No 713 (99.58%) 646 (99.54%) 67 (100.00%)

 Yes 3 (0.42%) 3 (0.46%) 0 (0.00%)

Chemotherapy regimen 0.452

 5-FU/capecitabine 107 (18.26%) 97 (18.13%) 10 (19.61%)

 CAPOX/XELOX 163 (27.82%) 145 (27.10%) 18 (35.29%)

 FOLFOX 290 (49.49%) 270 (50.47%) 20 (39.22%)

 Other 26 (4.44%) 23 (4.30%) 3 (5.88%)

Chemotherapy cycle 0.144

 < 6 276 (47.10%) 247 (46.17%) 29 (56.86%)

 ≥ 6 310 (52.90%) 288 (53.83%) 22 (43.14%)
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Figure 2.  Kaplan–Meier curves of recurrence-free survival based on different grouping methods. (A) 
Postoperative normal CEA vs postoperative elevated CEA in the overall patient population. (B) High-risk vs 
low-risk in the overall patient population. (C) low-risk patients with postoperative normal CEA vs low-risk 
patients with postoperative elevated CEA vs high-risk in the overall patient population. (D) Postoperative 
normal CEA vs postoperative elevated CEA in low-risk patients. (E) Postoperative normal CEA vs postoperative 
elevated CEA in high-risk patients. (F) Adjuvant chemotherapy with postoperative elevated CEA vs Non-
adjuvant chemotherapy.
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that postoperative elevation of CEA was independently associated with RFS, without interaction with other 
known clinicopathological factors related to prognosis (Fig. 5).

Discussion
There are limitations to identifying risk factors for guiding adjuvant chemotherapy in stage II colon cancer 
patients. This study suggests incorporating postoperative CEA levels as a risk factor to assess the risk of recur-
rence and guide chemotherapy. In multivariate analysis, postoperative elevation of CEA was identified as an 
independent prognostic parameter that may affect treatment decisions even in the absence of other risk factors. 
This study incorporated potential risk factors for colon cancer recurrence into a COX proportional hazards 
model and identified two independent risk factors: postoperative CEA and postoperative CA199. It is worth 
noting that preoperative elevation of CEA is not an independent risk factor for 3-year disease-free survival in 
stage II colon cancer patients, which is consistent with previous  studies12. Using only the TNM staging system 
for prognostic stratification of colon cancer has some limitations. The internationally recognized serum CEA 
is an important prognostic indicator for colorectal  cancer14. Postoperative CEA is an independent risk factor 
for 3-year recurrence-free survival in stage II colon cancer patients. A  study15 found that postoperative positive 
CEA and CEA increment were independent prognostic factors for stage II colon cancer. Patients with elevated 
postoperative CEA levels and positive CEA increments had the worst PFS and OS compared to other groups. 
The results of this study can provide reference for adjuvant therapy in stage II rectal cancer after radical surgery. 
Prognostic factors are not only related to pathological staging (T4 and/or N2), but also to preoperative high CEA 
levels. The combination of pT, pN, and preoperative high CEA levels may be predictive factors for resistance to 
CapeOX adjuvant  chemotherapy16. According to a  study17, T4 infiltration, vascular infiltration, postoperative 
CEA level, and the number of lymph nodes removed during surgery may significantly affect the prognosis of 
patients with stage II CRC after radical resection. The risk of early postoperative recurrence and clinical outcome 
deterioration increases proportionally with the values of these four parameters.  Studies18,19 have attempted to 
improve the accuracy of stratifying stage III colon cancer patients by constructing a prognostic model that 
combines postoperative CEA with TNM. However, this is only applicable to stage III colon cancer patients. It is 
currently unclear whether it is applicable to stage II colon cancer patients.
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Figure 3.  Kaplan–Meier survival curves of recurrence-free survival rates based on different grouping methods 
in chemotherapy and non-chemotherapy groups. (A) Postoperative normal CEA vs postoperative elevated CEA 
in the adjuvant chemotherapy population. (B) High-risk vs low-risk in the adjuvant chemotherapy population. 
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Variables

Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Sex

 Male 1.0 (reference)

 Female 1.29 (0.87, 1.93) 0.2104

Age group

 < 65 1.0 (reference)

 ≥ 65 1.40 (0.92, 2.13) 0.1135

BM group

 < 24 1.0 (reference)

 ≥ 24 0.83 (0.49, 1.42) 0.5001

Primary site

 Right colon 1.0 (reference)

 Left colon 1.20 (0.81, 1.79) 0.3690

Surgical approach

 OR 1.0 (reference)

 LR 0.73 (0.48, 1.12) 0.1530

Tumor differentiation

 Well 1.0 (reference)

 Moderate 0.21 (0.04, 1.00) 0.0503

 Poor-undifferentiated 0.48 (0.22, 1.06) 0.0710

Mucinous type

 No 1.0 (reference)

 Yes 1.10 (0.70, 1.72) 0.6806

Pathology T stage

 T3 1.0 (reference)

 T4 0.83 (0.43, 1.60) 0.5794

Lymph node yield

 < 12 1.0 (reference)

 ≥ 12 1.37 (0.75, 2.52) 0.3074

LVI

 No 1.0 (reference)

 Yes 0.84 (0.31, 2.30) 0.7399

PNI

 No 1.0 (reference) 1.0 (reference)

 Yes 2.16 (1.15, 4.05) 0.0164 2.55 (0.35, 18.73) 0.3565

Adjuvant chemotherapy

 No 1.0 (reference)

 Yes 1.02 (0.60, 1.75) 0.9298

Chemotherapy regimen

 5-FU/capecitabine 1.0 (reference)

 CAPOX/XELOX 1.40 (0.74, 2.64) 0.2995

 FOLFOX 0.92 (0.49, 1.70) 0.7854

 Other 0.26 (0.03, 2.00) 0.1965

Chemotherapy cycle

 < 6 1.0 (reference)

 ≥ 6 0.75 (0.48, 1.16) 0.1977

Preoperative CEA

 < 5 1.0 (reference) 1.0 (reference)

 ≥ 5 1.54 (1.03, 2.30) 0.0365 0.75 (0.43, 1.30) 0.3057

Preoperative CA19-9

 < 37 1.0 (reference) 1.0 (reference)

 ≥ 37 1.82 (1.12, 2.97) 0.0154 1.04 (0.51, 2.11) 0.9103

Preoperative NLR

 < 3 1.0 (reference) 1.0 (reference)

 ≥ 3 1.83 (1.14, 2.94) 0.0125 1.55 (0.94, 2.56) 0.0857

Postoperative CEA

Continued
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Numerous previous studies have reported risk factors for postoperative recurrence in stage II colon cancer 
patients, but no positive results were found in this study except for elevated postoperative levels of CEA and 
CA199. Preoperative NLR was correlated with RFS and OS, indicating that NLR can be used as a tool to deter-
mine which patients should receive/avoid adjuvant chemotherapy, especially for left-sided colon cancer. Based 
on receiver operating characteristic (ROC) curve analysis, the cutoff value of NLR was  320. There are studies 

Table 2.  Univariate and multivariate analyses of 3-year recurrence free survival. BMI body mass index, 
CEA carcinoembryonic antigen, CA 19–9 carcinoma antigen 19–9, NLR neutrophil lymphocyte ratio, LR 
laparoscopic resection, LVI lymphovascular invasion, OR open resection, PNI perineural invasion.

Variables

Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

 < 5 1.0 (reference) 1.0 (reference)

 ≥ 5 3.79 (2.43, 5.90)  < 0.0001 4.79 (2.65, 8.65)  < 0.0001

Postoperative CA19-9 group

 < 37 1.0 (reference) 1.0 (reference)

 ≥ 37 4.46 (2.48, 8.01)  < 0.0001 2.69 (1.18, 6.13) 0.0189

Postoperative NLR

 < 3 1.0 (reference) 1.0 (reference)

 ≥ 3 2.47 (1.41, 4.32) 0.0015 1.62 (0.86, 3.05) 0.1394

Table 3.  Adjusted hazard ratios of 3-year RFS according to the new risk factor group. HR hazard ratios, Ref. 
reference. a Model 1 was unadjusted. b Model 2 was adjusted for age (< 65 vs. ≥ 65), body mass index (< 24 
vs. ≥ 24), and sex (male vs. female). c Model 3 was adjusted for age (< 65 vs. ≥ 65), body mass index (< 24 
vs. ≥ 24), sex (male vs. female), surgical approach (open resection vs. laparoscopic resection), location (right 
colon vs. left colon), adjuvant chemotherapy (yes vs. no), chemotherapy regimen (5-FU/capecitabine vs. 
CAPOX/XELOX vs. FOLFOX vs. other), chemotherapy cycle (< 6 vs. ≥ 6), preoperative CEA, ng/mL (≤ 5 
vs. > 5), preoperative CA19-9, ng/mL (≤ 37 vs. > 37), postoperative NLR (< 3 vs. ≥ 3), postoperative CA19-9, ng/
mL (≤ 37 vs. > 37), and postoperative NLR(< 3 vs. ≥ 3).

New risk factor 
group N Events (%)

Model 1 Model 2 Model 3

HR (95% CI) P-value HR (95% CI) P value HR (95% CI) P-value

Low risk and nor-
mal postoperative 
CEA

261 17 (36.50) 1.0 (Ref.) 1.0 (Ref.) 1.0 (Ref.)

Low risk and 
elevated postopera-
tive CEA

30 12 (3.51) 7.35 (3.51, 15.40)  < 0.0001 16.89 (6.62, 43.15)  < 0.0001 14.95 (4.51, 49.63)  < 0.0001

High risk 425 68 (56.99) 2.56 (1.51, 4.36) 0.0005 4.16 (1.97, 8.78) 0.0002 2.95 (1.17, 7.47) 0.0225

Estimation
95% CI

P-overall = < 0.001
P-non-linear = 0.004
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Figure 4.  The relationship between postoperative CEA as a continuous variable and hazard ratio for recurrence. 
The red solid line represents the unadjusted hazard ratio, and the red dashed line represents the 95% confidence 
interval obtained from restricted cubic spline regression.
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reporting that an NLR cutoff value of 5 is used for prognosis  analysis21. The left colon is also a risk factor for the 
recurrence of stage II colon cancer after  surgery22, especially in patients with  MSS23. Special attention should 

Figure 5.  Forest plot of recurrence-free survival in the preoperative CEA group, stratified by clinicopathological 
characteristics based on Cox model. P-values for interaction were calculated using Cox regression model. 
HR and 95% CI were presented with squares and error bars. CI confidence interval, HR hazard ratio, RFS 
recurrence-free survival.
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be paid during follow-up. Mucinous histology may be an indicator for improving survival in stage II colon 
cancer  chemotherapy24. There is also evidence that there is no significant difference in tumor-specific survival 
between adenocarcinoma and signet ring cell carcinoma. Stage II signet ring cell carcinoma should not receive 
adjuvant  chemotherapy25. The overall survival (OS) of stage II colon cancer with less than 8 cleared lymph nodes 
is  poor26. Studies recommend clearing 20 or more lymph nodes for accurate postoperative  staging27. Adjuvant 
chemotherapy should be considered during the treatment of stage III colon cancer patients aged 70 or above, but 
chemotherapy has limited efficacy for stage II colon cancer in elderly  patients28. Given the increasing incidence 
of colon cancer in young patients, doctors are more aggressive in treating stage II colon cancer. However, evi-
dence for this treatment is  limited29, and over-treatment leading to treatment-related harm should be avoided. 
The OS of patients with stage II colon cancer who underwent laparoscopic radical surgery is superior to those 
who underwent open radical surgery, especially for patients aged 75 or  older30. In the largest group of stage II 
colon cancer patients evaluated so  far31, regardless of treatment regimen, patient age, or high-risk pathological 
features, OS improvement is associated with adjuvant chemotherapy. The toxicity of the 3-month group was 
significantly lower than that of the 6-month group in chemotherapy cycle studies. Both 3-month CAPOX and 
6-month FOLFOX can be used to treat stage II colorectal cancer  patients32. The TOSCA trial confirmed that there 
was no significant difference in OS between the two groups. Compared with 5-FU/LV, FOLFOX is unlikely to 
be cost-effective33. Recent  research34 has shown that a 3-month CAPOX regimen can be an effective treatment 
option. The convenience, reduced toxicity, and cost of using CAPOX as an adjuvant for 3 months suggest it as 
a potential option for high-risk stage II colon  cancer35. However, adjuvant chemotherapy did not significantly 
improve cancer-specific survival in patients with adverse features of stage II colon cancer. Other markers are 
needed to select appropriate patients for adjuvant  therapy36.

Two important risk factors, mismatch repair (MMR) gene expression and tumor budding (TB), were not 
included in this study. Previous studies did not find dMMR to have prognostic value in terms of overall and 
disease-free survival in patients with stage II colon cancer. The recurrence rate in patients with dMMR tumors 
was significantly  reduced37. The survival rate of stage II dMMR colon cancer patients with high-risk factors is 
similar to that of patients without high-risk factors, regardless of the presence of KRAS  mutations38. This study 
suggests that tumors with a pathological indicator of TB ≥ 5 may exhibit a high risk of recurrence and poor 
prognosis. The evaluation of TB may help identify patients suitable for neoadjuvant  therapy39. The TB grading 
based on the ITBCC2016 criteria should be routinely evaluated in pathological practice and may improve the 
benefit of adjuvant chemotherapy for stage II colon  cancer40.

There are limitations to this exploratory study. Firstly, due to its retrospective design, there were differences 
in the timing of postoperative CEA measurements. However, we selected values that were closest to the time 
of surgery. Patients who received adjuvant treatment beyond 12 weeks or received adjuvant treatment during 
the trial were excluded. Secondly, the limitations of this retrospective study include the lack of incorporation of 
mismatch repair gene status and tumor budding, which are important indicators. However, in the  ESMO5 and 
 CSCO3 guidelines, the population with high microsatellite instability caused by mismatch repair gene deficiency 
is small, and we prioritize T4 stage over high microsatellite instability. This study will continue to include more 
cases and wait for subsequent results to be published.

Conclusions
Patients with elevated postoperative CEA levels have a significantly increased risk of recurrence. Although the 
proportion of patients with postoperative CEA elevation and no high-risk factors is low, they should still be 
considered as high-risk factors to guide adjuvant chemotherapy after surgery for stage II colon cancer.
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Received: 12 January 2024; Accepted: 29 February 2024

References
 1. Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 70, 1 (2020).
 2. Siegel, R. L., Wagle, N. S., Cercek, A., Smith, R. A. & Jemal, A. Colorectal cancer statistics, 2023. CA Cancer J. Clin. 73, 233. https:// 

doi. org/ 10. 3322/ caac. 21772 (2023).
 3. Yuan, Z. et al. CSCO guidelines for colorectal cancer version 2022: Updates and discussions. Chin. J. Cancer Res. 34(2), 67–70. 

https:// doi. org/ 10. 21147/j. issn. 1000- 9604. 2022. 02. 01 (2022).
 4. Baxter, N. N. et al. Adjuvant therapy for stage II colon cancer: ASCO guideline update. J. Clin. Oncol. 40, 892–910 (2022).
 5. Argiles, G. et al. Localised colon cancer: ESMO clinical practice guidelines for diagnosis. Treatment and follow-up. Ann. Oncol. 

31(10), 1291–1305 (2020).
 6. National-Comprehensive-Cancer-Network (NCCN). NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines): Colon 

Cancer (Version 4.2021) (NCCN, 2021).
 7. Varghese, A. Chemotherapy for stage II colon cancer. Clin. Colon Rectal Surg. 28(4), 256–261. https:// doi. org/ 10. 1055/s- 0035- 15644 

30 (2015).
 8. de Paula, T. R., Gorroochurn, P., Simon, H. L., Haas, E. M. & Keller, D. S. A national evaluation of the use and survival impact of 

adjuvant chemotherapy in stage II colon cancer from the national cancer database. Colorectal Dis. 24(1), 40–49. https:// doi. org/ 
10. 1111/ codi. 15937 (2022).

 9. Kim, S. S., Donahue, T. R. & Girgis, M. D. Carcinoembryonic antigen for diagnosis of colorectal cancer recurrence. J. Am. Med. 
Assoc. 320(3), 298 (2018).

 10. Turoldo, A. et al. Preoperative CEA: Prognostic significance in colorectal carcinoma. Tumori 89(4 Suppl), 95 (2003).
 11. Li, Z. et al. Trajectories of perioperative serum carcinoembryonic antigen and colorectal cancer outcome: A retrospective, multi-

center longitudinal cohort study. Clin. Transl. Med. 11, 2 (2021).

https://doi.org/10.3322/caac.21772
https://doi.org/10.3322/caac.21772
https://doi.org/10.21147/j.issn.1000-9604.2022.02.01
https://doi.org/10.1055/s-0035-1564430
https://doi.org/10.1055/s-0035-1564430
https://doi.org/10.1111/codi.15937
https://doi.org/10.1111/codi.15937


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:6889  | https://doi.org/10.1038/s41598-024-55967-w

www.nature.com/scientificreports/

 12. Konishi, T. et al. Association of preoperative and postoperative serum carcinoembryonic antigen and colon cancer outcome. JAMA 
Oncol. 4(3), 309–315. https:// doi. org/ 10. 1001/ jamao ncol. 2017. 4420 (2018).

 13. Von Elm, E. et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for 
reporting observational studies. Lancet 370(9596), 1453–1457. https:// doi. org/ 10. 1016/ s0140- 6736(07) 61602-x (2007).

 14. Nicholson, B. D., Shinkins, B. & Mant, D. Blood measurement of carcinoembryonic antigen level for detecting recurrence of 
colorectal cancer. JAMA 316, 1310–1311. https:// doi. org/ 10. 1001/ jama. 2016. 11212 (2016).

 15. You, W. et al. Clinical significances of positive postoperative serum CEA and post-preoperative CEA increment in stage II and III 
colorectal cancer: A multicenter retrospective study. Front. Oncol. 10, 671 (2020).

 16. Osawa, H. Association of preoperative CEA with recurrence in high risk of recurrence groups with stage 2 and 3 colorectal cancer 
patients receiving CapeOX adjuvant chemotherapy. Ann. Oncol. 29, 47. https:// doi. org/ 10. 1093/ annonc/ mdy431. 047 (2018).

 17. Tsai, H. L. et al. Survival in resected stage II colorectal cancer is dependent on tumor depth, vascular invasion, postoperative CEA 
level, and the number of examined lymph nodes. World J. Surg. 40(4), 1002–1009. https:// doi. org/ 10. 1007/ s00268- 015- 3331-y 
(2016).

 18. Fan, J. et al. A novel prognostic model incorporating carcinoembryonic antigen in 3-week or longer postoperative period for stage 
III colon cancer: A multicenter retrospective study. Front. Oncol. 10, 566784. https:// doi. org/ 10. 3389/ fonc. 2020. 566784 (2020).

 19. Auclin, E. et al. Carcinoembryonic antigen levels and survival in stage III colon cancer: Post hoc analysis of the MOSAIC and 
PETACC-8 trials. Cancer Epidemiol. Biomark. Prev. 28, 1153–1161. https:// doi. org/ 10. 1158/ 1055- 9965. EPI- 18- 0867 (2019).

 20. Mazaki, J. et al. Neutrophil-to-lymphocyte ratio is a prognostic factor for colon cancer: A propensity score analysis. BMC Cancer 
20(1), 922. https:// doi. org/ 10. 1186/ s12885- 020- 07429-5 (2020).

 21. Hung, H. Y., Chen, J. S., Yeh, C. Y. & Chiang, J. M. Effect of preoperative neutrophil–lymphocyte ratio on the surgical outcomes 
of stage II colon cancer patients who do not receive adjuvant chemotherapy. Int. J. Colorectal Dis. 26(8), 1059–1065 (2011).

 22. Wang, L. et al. Left colon as a novel high-risk factor for postoperative recurrence of stage II colon cancer. World J. Surg. Oncol. 
18(1), 54. https:// doi. org/ 10. 1186/ s12957- 020- 01818-7 (2020).

 23. Akce, M. et al. Impact of tumor side on clinical outcomes in stage II and III colon cancer with known microsatellite instability 
status. Front. Oncol. 11, 592351. https:// doi. org/ 10. 3389/ fonc. 2021. 592351 (2021).

 24. Huang, Y., Ge, K., Fu, G., Chu, J. & Wei, W. Mucinous histology might be an indicator for enhanced survival benefit of chemo-
therapy in stage II colon cancer. Front. Med. 7, 205. https:// doi. org/ 10. 3389/ fmed. 2020. 00205 (2020).

 25. Jiang, H., Shao, D., Zhao, P. & Wu, Y. The predictive and guidance value of signet ring cell histology for stage II/III colon cancer 
response to chemotherapy. Front. Oncol. 11, 631995. https:// doi. org/ 10. 3389/ fonc. 2021. 631995 (2021).

 26. Wu, Q. et al. Impact of inadequate number of lymph nodes examined on survival in stage II colon cancer. Front. Oncol. 11, 736678. 
https:// doi. org/ 10. 3389/ fonc. 2021. 736678 (2021).

 27. Xie, D., Song, X. & Tong, L. Stage migration resulting from inadequate number of examined lymph nodes impacts prognosis in 
stage II colon cancer after radical surgery. Int. J. Colorectal Dis. 36(5), 959–969. https:// doi. org/ 10. 1007/ s00384- 020- 03794-6 (2021).

 28. Chen, X. et al. Adjuvant chemotherapy benefit in elderly stage II/III colon cancer patients. Front. Oncol. 12, 874749. https:// doi. 
org/ 10. 3389/ fonc. 2022. 874749 (2022).

 29. Birkett, R. T., Chamely, E., Concors, S. J. & Paulson, E. C. Overuse and limited benefit of chemotherapy for stage II colon cancer 
in young patients. Clin. Colorectal Cancer 18(4), 292–300 (2019).

 30. Fan, C. Z., Chu, Y. P., Wei, P., Dai, H. & Chen, W. Comparison of survival of patients receiving laparoscopic and open radical 
resection for stage II colon cancer. Radiol. Oncol. 45(4), 273–278. https:// doi. org/ 10. 2478/ v10019- 011- 0029-0 (2011).

 31. Grant, R. R. C. et al. Adjuvant chemotherapy is associated with improved overall survival in select patients with stage II colon 
cancer: A National Cancer Database analysis. J. Surg. Oncol. 126(4), 748–756. https:// doi. org/ 10. 1002/ jso. 26970 (2022).

 32. Petrelli, F. et al. Assessment of duration and effects of 3 vs 6 months of adjuvant chemotherapy in high-risk stage II colorectal 
cancer: A subgroup analysis of the TOSCA randomized clinical trial. JAMA Oncol. 6(4), 547–551. https:// doi. org/ 10. 1001/ jamao 
ncol. 2019. 6486 (2020).

 33. Ayvaci, M. U., Shi, J., Alagoz, O. & Lubner, S. J. Cost-effectiveness of adjuvant FOLFOX and 5FU/LV chemotherapy for patients 
with stage II colon cancer. Med. Decis. Making 33(4), 521–532. https:// doi. org/ 10. 1177/ 02729 89X12 470755 (2013).

 34. Yamazaki, K. et al. Oxaliplatin-based adjuvant chemotherapy duration (3 versus 6 months) for high-risk stage II colon cancer: The 
randomized phase III ACHIEVE-2 trial. Ann. Oncol. 32(1), 77–84. https:// doi. org/ 10. 1016/j. annonc. 2020. 10. 480 (2021).

 35. Iveson, T. J. et al. Duration of adjuvant doublet chemotherapy (3 or 6 months) in patients with high-risk stage II colorectal cancer. 
J. Clin. Oncol. 39(6), 631–641. https:// doi. org/ 10. 1200/ JCO. 20. 01330 (2021). Erratum in: J. Clin. Oncol. 39(15), 1691 (2021).

 36. Peng, S. L., Thomas, M., Ruszkiewicz, A. & Moore, J. Conventional adverse features do not predict response to adjuvant chemo-
therapy in stage II colon cancer. Anz. J. Surg. 84(11), 837–841 (2014).

 37. Gkekas, I., Novotny, J., Fabian, P. & Gunnarsson, U. Deficient mismatch repair as a prognostic marker in stage II colon cancer 
patients. Eur. J. Surg. Oncol. 45(10), 1854–1861 (2019).

 38. Zhang, Y. et al. Prognostic impact of high-risk factors and KRAS mutation in patients with stage II deficient mismatch repair colon 
cancer: A retrospective cohort study. Ann. Transl. Med. 10(12), 702. https:// doi. org/ 10. 21037/ atm- 22- 2803 (2022).

 39. Saito, K. et al. Tumor budding as a predictive marker of relapse and survival in patients with stage II colon cancer. In Vivo 36(4), 
1820–1828. https:// doi. org/ 10. 21873/ invivo. 12898 (2022).

 40. Ueno, H. et al. Prospective multicenter study on the prognostic and predictive impact of tumor budding in stage II colon cancer: 
Results from the SACURA trial. J. Clin. Oncol. 37(22), 1886–1894. https:// doi. org/ 10. 1200/ JCO. 18. 02059 (2019).

Author contributions
Conception and design: Q.X. Acquisition, analysis, or interpretation of data: H.P., W.Y., M.L. Drafting of the 
manuscript: H.P., Y.C. Critical revision of the manuscript for important intellectual content: H.P., Q.X. Statistical 
analysis: H.P., Y.C. Administrative, technical, or material support: Q.X. Study supervision: H.P., W.Y., X.P. Final 
approval of the manuscript: all authors.

Funding
The National Natural Science Foundation of China (82060515); research grants from the Yunnan Fundamental 
Research Projects, Grant No. 202001AY070001-240; Scientific research fund project of Yunnan Provincial Depart-
ment of Education (2020J0194); Yunnan technological Innovation Talent training Project: 202005AD160045.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Q.X.

https://doi.org/10.1001/jamaoncol.2017.4420
https://doi.org/10.1016/s0140-6736(07)61602-x
https://doi.org/10.1001/jama.2016.11212
https://doi.org/10.1093/annonc/mdy431.047
https://doi.org/10.1007/s00268-015-3331-y
https://doi.org/10.3389/fonc.2020.566784
https://doi.org/10.1158/1055-9965.EPI-18-0867
https://doi.org/10.1186/s12885-020-07429-5
https://doi.org/10.1186/s12957-020-01818-7
https://doi.org/10.3389/fonc.2021.592351
https://doi.org/10.3389/fmed.2020.00205
https://doi.org/10.3389/fonc.2021.631995
https://doi.org/10.3389/fonc.2021.736678
https://doi.org/10.1007/s00384-020-03794-6
https://doi.org/10.3389/fonc.2022.874749
https://doi.org/10.3389/fonc.2022.874749
https://doi.org/10.2478/v10019-011-0029-0
https://doi.org/10.1002/jso.26970
https://doi.org/10.1001/jamaoncol.2019.6486
https://doi.org/10.1001/jamaoncol.2019.6486
https://doi.org/10.1177/0272989X12470755
https://doi.org/10.1016/j.annonc.2020.10.480
https://doi.org/10.1200/JCO.20.01330
https://doi.org/10.21037/atm-22-2803
https://doi.org/10.21873/invivo.12898
https://doi.org/10.1200/JCO.18.02059


13

Vol.:(0123456789)

Scientific Reports |         (2024) 14:6889  | https://doi.org/10.1038/s41598-024-55967-w

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Elevated postoperative carcinoembryonic antigen guides adjuvant chemotherapy for stage II colon cancer: a multicentre cohort retrospective study
	Methods
	Ethics approval and consent to participate
	Study design and patient cohort
	Exposures
	Surveillance protocol
	Outcomes
	Statistical analysis

	Results
	Kaplan–Meier analysis of different groups
	Multivariate analyses of all variables

	Discussion
	Conclusions
	References


