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Abstract 

Background Interindividual survival and recurrence rates in cases of locoregional colon cancer following surgi‑
cal resection are highly variable. The aim of the present study was to determine whether elevated pre‑operative 
and post‑operative CEA values are useful prognostic biomarkers for patients with stage I‑III colon cancer who under‑
went surgery with curative intent.

Methods We conducted a retrospective study in patients with histologically confirmed stage I‑III primary colonic 
adenocarcinoma who underwent radical surgical resection at Mexico’s National Cancer Institute, between January 
2008 and January 2020. We determined pre‑operative and post‑operative CEA and analyzed the association of scores 
with poorer survival outcomes in patients with resected colon cancer, considering overall survival (OS) and disease‑
free survival (DFS).

Results We included 640 patients with stage I‑III colon cancer. Pre‑operative CEA levels were in the normal range 
in 460 patients (group A) and above the reference value in the other 180. Of the latter, 134 presented normalized 
CEA levels after surgery, but 46 (group C) continued to show CEA levels above the reference values after surgery. 
Therefore, propensity score matching (PSM) was carried out to reduce the bias. Patients were adjusted at a 1:1:1 
ratio with 46 in each group, to match the number in the smallest group. Median follow‑ up was 46.4 months (range, 
4.9–147.4 months). Median DFS was significantly shorter in Group C: 55.5 months (95% CI 39.6–71.3) than in the other 
two groups [Group A: 77.1 months (95% CI 72.6–81.6). Group B: 75.7 months (95% CI 66.8–84.5) (p‑value < 0.001)]. 
Overall survival was also significantly worse in group C [57.1 (95% CI 37.8–76.3) months] than in group A [82.8 (95% CI 
78.6–86.9 months] and group B [87.1 (95% CI 79.6–94.5 months] (p‑value = 0.002). To identify whether change in CEA 
levels operative and post‑surgery was an independent prognostic factor for survival outcomes, a Cox proportional 
hazard model was applied. In multivariate analysis, change in CEA level was a statistically significant, independent 
prognostic factor for overall survival (p‑value = 0.031).
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Conclusions When assessed collectively, pre‑operative and post‑operative CEA values are useful biomarkers for pre‑
dicting survival outcomes in patients with resected colon cancer. Prognoses are worse for patients with elevated 
pre‑operative and post‑surgical CEA values, but similar in patients with normal post‑surgical values, regardless of their 
pre‑surgery values.

Keywords CEA values, Pre‑operative and post‑surgical, Colon cancer

Introduction
Colon cancer (CC) is the fourth-most frequently diag-
nosed malignant neoplasia and the fifth-leading cause 
of cancer-related deaths worldwide [1]. The IDEA study 
showed that risk-based stratification is vital, and sug-
gested that identifying a more appropriate prognostic 
biomarker is crucial for this malignancy [2]. Regarding 
this issue, clinical and pathological data including age, 
sex, tumor site, AJCC TNM stage, and the number of 
lymph node dissections (LND) have been shown to cor-
relate with survival outcomes [3]. However, a feasible 
laboratory biomarker to appropriately assess risk of 
recurrence in CC is lacking.

Serum carcinoembryonic antigen (CEA) has been 
widely used as a biomarker in cases of CC [4]. Studies 
have demonstrated that higher pre-operative CEA con-
centrations correlate with worse outcomes in resectable 
CC. In the early 2000s, the Colon Working Group of the 
American Joint Committee on Cancer (AJCC) recom-
mended including the serum CEA level at the moment 
of disease presentation in the conventional TNM stag-
ing of CC [5, 6]. Soon after, guidelines from the National 
Comprehensive Cancer Network (NCCN) [7], the Euro-
pean Society of Medical Oncology [8] (ESMO), and the 
American Society of Clinical Oncology (ASCO) [9] rec-
ommended routine measurement of pre-operative CEA 
levels before CC resection, for subsequent post-operative 
surveillance.

As has been reported previously, consistent eleva-
tion of CEA levels after tumor resection is a concerning 
sign for disease recurrence, so it has been a particularly 
useful biomarker during follow-up [10, 11]. Currently, 
measuring CEA before resection and every 3–6 months 
afterwards is recommended for patients with resected 
CC [12]. Numerous studies have demonstrated the use-
fulness of pre-operative CEA as a biomarker of progno-
sis in patients with CC who will undergo surgery. Other 
research suggests that measuring post-operative CEA 
also provides valuable prognostic information regarding 
disease recurrence [13, 14].

Evaluating the variability of pre-operative and post-
operative CEA is another approach that has been tested. 
In this regard, outcomes of patients with a normalized 
CEA after surgery did not vary significantly when strati-
fied according to pre-operative CEA values. In contrast, 

higher post-operative CEA values have been associated 
with worse outcomes, regardless of pre-operative levels 
[15].

High pre-operative CEA levels remained above refer-
ence values in approximately one-third of the patients 
with CC that underwent surgery with a curative intent. 
Alarmingly, this might indicate persistent disease and the 
need for further evaluation [16, 17]. With respect to the 
appropriate time after surgery to assess post-operative 
CEA, a retrospective analysis showed that measuring-
within a time frame of 21–100 days after resection is ade-
quate to correlate CEA and disease-free survival (DFS) in 
patients with stage III CC, but the preferred time frame is 
during the first two months after surgery [18].

The aim of the present study was to determine whether 
elevated pre-operative and post-operative CEA values 
are useful prognostic biomarkers for patients with stage 
I-III colon cancer who underwent surgery with cura-
tive intent. Specifically, we set out to determine whether 
patients with elevated pre-operative CEA and non-nor-
malized levels post-resection had a greater risk of recur-
rence than that of patients with normal pre-operative and 
normalized post-operative CEA values.

Methods
This study is based on a retrospective analysis of data of 
patients with colon cancer who underwent surgery with 
curative intent from January 2008 to January 2020 at 
Mexico’s National Cancer Institute (NCI). Patients were 
included if stage I-III colon adenocarcinoma was con-
firmed histologically and subsequently underwent radical 
surgery on the primary tumor. A database was elaborated 
by a multidisciplinary team. The variables included were 
pre-operative and post-operative CEA, family history of 
CC, synchronous malignancies, local excision, and pal-
liative/adjuvant treatment, among others. Patients were 
excluded if ≥ 10% of the predetermined variables were 
not available in their medical records Fig. 1.

At the NCI, serum CEA levels are routinely measured 
using a microparticle enzyme immunoassay (ARCHI-
TECT CEA Reagent Kit, ref. 7K68-27; Abbott, Wies-
baden, Germany). Reference values were predetermined 
at ≤ 5  ng/mL. In order to be included, measurements 
had to be performed before surgery and in the first 
three months after resection; that is, before the onset 
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of any adjuvant treatment. According to the variabil-
ity of CEA levels before and after surgery, patients were 
stratified into three groups: the first (group A) included 
patients with normal pre-operative and post-operative 
CEA (< 5  ng/mL); the second (group B) was comprised 
of patients with an elevated pre-operative CEA that was 
normalized after surgery; the third (group C) was made 
up of patients with pre-operative—and post-operative 
CEA levels above reference values.

Post-operative follow-up was performed every 
3 months during the first 2 years after surgery, then every 
6 months for up to 5 years. Patients were evaluated clini-
cally by a medical oncologist who measured serum CEA 
levels on each visit. Abdominal, pelvic, and thoracic CT 
scans were performed every 6  months. Colonoscopies 
were performed 1  year after surgery and every 2  years 
thereafter.

The primary endpoints of this study were disease-free 
survival (DFS) and overall survival (OS). Recurrence was 

determined based on clinical and/or radiological signs 
of tumor development and histological confirmation. of 
Recurrence sites were categorized in three subgroups: 
local recurrence if at or near the anatomic site of the pre-
viously resected tumor; intra-abdominal recurrence; or 
distant recurrence (e.g., lymph node metastases). DFS 
was defined as the time between surgery and recurrence, 
death from any cause, or the final follow-up session. OS 
was defined as the time between surgery and death, or 
the date on which the patient was last confirmed to be 
alive.

For the statistical analysis, categorical variables were 
reported as counts and proportions. Comparisons 
among categorical variables were analyzed by an χ2 
Fisher exact test. Continuous variables were reported 
as means and standard deviations (SD). Comparisons of 
means were evaluated using a T-test or ANOVA. Some 
of the patients’ characteristics showed statistically sig-
nificant differences within the 3 CEA groups. Therefore, 

Fig. 1 STROBE flow diagram
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Table 1 General patient characteristics before PSM

CEA expression

Variables n (%) TOTAL (n = 640) CEA NL (n = 460) CEA ↑- NL (n = 134) CEA ↑- ↑ (n = 46) P-value Test SMD

Age group 0,129 0.223
 < 40 91 (14.2) 74 (16.1) 12 (9.0) 5 (10.9)
 40–70 424 (66.3) 303 (65.9) 93 (69.4) 28 (60.9)
 > 70 125 (19.5) 83 (18.0) 29 (21.6) 13 (28.3)
Gender 0,753 0.044
 Female 319 (49.8) 225 (48.9) 70 (52.2) 24 (52.2)
 Male 321 (50.2) 235 (51.1) 64 (47.8) 22 (47.8)
BMI in kg/m2 0,627 0.239
 < 18.5 24 (3.8) 18 (3.9) 4 (3.0) 2 (4.3)
 18.5–24.9 315 (49.2) 229 (49.8) 61 (45.5) 25 (54.3)
 25–29.9 206 (32.2) 146 (31.7) 50 (37.3) 10 (21.7)
 ≥ 30 95 (14.8) 67 (14.6) 19 (14.2) 9 (19.6)
Pathological stage 0,064 0.45
 I 75 (11.7) 63 (13.7) 8 (6.0) 4 (8.7)
 IIA 206 (32.2) 148 (32.2) 49 (36.6) 9 (19.6)
 IIB 55 (8.6) 37 (8.0) 15 (11.2) 3 (6.5)
 IIC 15 (2.3) 8 (1.7) 6 (4.5) 1 (2.2)
 IIIA 10 (1.6) 7 (1.5) 3 (2.2) 0 (0.0)
 IIIB 190 (29.7) 137 (29.8) 35 (26.1) 18 (39.1)
 IIIC 89 (13.9) 60 (13.0) 18 (13.4) 11 (23.9)
Tumor differentiation 0,004 0.428
 Well 121(18.9) 97 (21.1) 21 (15.7) 3 (6.5)
 Moderate 362 (56.6) 253 (55.0) 86 (64.2) 23 (50.0)
 Poor 157 (24.5) 110 (23.9) 27 (20.1) 20 (43.5)
Tumor location 0,833 0.036
 Right colon 322 (50.3) 228 (49.6) 70 (52.2) 24 (52.2)
 Left colon 318 (49.7) 232 (50.4) 64 (47.8) 22 (47.8)
Lymphovascular invasion 0,029 0.266
 No 421 (65.8) 309 (67.2) 90 (67.2) 22 (47.8)
 Yes 219 (34.2) 151 (32.8) 44 (32.8) 24 (52.2)
Perineural invasion 0,13 0.219
 No 523 (87.1) 376 (81.7) 114 (85.1) 33 (71.7)
 Yes 117 (18.3) 84 (18.3) 20 (14.9) 13 (28.3)
Number of lymph nodes 0,001 0.29
 < 12 95 (14.8) 82 (17.8) 6 (4.5) 7 (15.2)
 ≥ 12 545 (85.2) 378 (82.2) 128 (95.5) 39 (84.8)
Pathology T stage 0,085 0.297
 T1 22 (3.4) 19 (4.1) 1 (0.7) 2 (4.3)
 T2 69 (10.8) 57 (12.4) 10 (7.5) 2 (4.3)
 T3 380 (59.4) 273 (59.3) 79 (59.0) 28 (60.9)
 T4 169 (26.4) 111 (24.1) 44 (32.8) 14 (30.4)
Pathology N stage 0,223 0.26
 N0 357 (55.8) 261 (56.7) 78 (58.2) 18 (39.1)
 N1 164 (25.6) 116 (25.2) 32 (23.9) 16 (34.8)
 N2 119 (18.6) 83 (18.0) 24 (17.9) 12 (26.1)
Surgical margins/type of resection 0,188 0.193
 R0 626 (97.8) 450 (97.8) 132 (98.5) 44 (95.7)
 R1 13 (2.0) 10 (2.2) 1 (0.7) 2 (4.3)
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propensity score matching (PSM) was carried out to 
reduce bias. Patients were adjusted at a 1:1:1 ratio with 
46 in each group to match the number in the smallest 
group. To obtain the matched cohort, a reference group 
was considered, then propensity-matched populations of 
the reference group versus the other two were obtained. 
Patients in these two groups were extracted if they had a 
common match to one in the reference group. DFS and 
OS analyses were conducted using the Kaplan–Meier 
method, and the log-rank test was used to determine 
any differences in survival among the subgroups. Mul-
tivariate analyses for prognostic factors were performed 
using a Cox proportional hazard model. Variables that 
were significant in the univariate analysis were included 
in the multivariate model. A p-value ≤ 0.05 was consid-
ered statistically significant. All statistical analyses were 
performed using SPSS software, version 26 (SPSS Inc., 
Chicago, IL, USA), and the programming language R 
version 4.0.5.

Individual patient information remained confiden-
tial throughout the protocol, and clinical management 
of patients was not influenced in any way by the results 
of our study. The project was approved by Institutional 
Review Board at Mexico’s National Cancer Institute with 

reference INCAN/CI/0687/2021, registered under num-
ber 2021/064. It was not necessary to obtain patients’ 
written informed consent due to the retrospective nature 
of the study. The project was conducted in accordance 
with the Helsinki Declaration and the Principles of Good 
Clinical Practice.

Results
A total of 640 patients with stage I-III colon cancer were 
included in the final database for analysis. Pre-operative 
CEA levels were in the normal range in 460 patients, but 
above the reference value in the other 180. Of the latter, 
134 presented normalized CEA levels after surgery, but 
46 continued to show CEA levels above reference values 
after surgery. The median values of the pre-operative and 
post-operative CEA levels were 2.59 ng/mL (range, 0.28–
3,068.5 ng/mL) and 1.95 ng/mL (range, 0.08–3,900.0 ng/
mL), respectively.

As mentioned above, patients were stratified into 3 
groups in accordance with their pre-operative—and 
post-operative CEA levels: 460 in group A, 134 in 
group B, and 46 in group C. There were no differences 
among the groups in terms of in age, gender, perineural 

Table 1 (continued)

CEA expression

Variables n (%) TOTAL (n = 640) CEA NL (n = 460) CEA ↑- NL (n = 134) CEA ↑- ↑ (n = 46) P-value Test SMD

 R2 1 (0.2) 0 (0.0) 1 (0.7) 0 (0.0)
Cancer obstruction 0,038 0.183
 No 562 (87.8) 395 (85.9) 126 (94.0) 41 (89.1)
 Yes 78 (12.2) 65 (14.1) 8 (6.0) 5 (10.9)
Cancer perforation 0,861 0.06
 No 583 (91.1) 419 (91.1) 123 (91.8) 41 (89.1)
 Yes 57 (8.9) 41 (8.9) 11 (8.2) 5 (10.9)
CCI
 0 180 (21.8) 147 (32.0) 26 (19.4) 7 (15.2) 0,007 0.36
 1 152 (23.8) 110 (23.9) 27 (20.1) 15 (32.6)
 2 129 (20.2) 83 (18.0) 37 (27.6) 9 (19.6)
 ≥ 3 179 (28.0) 120 (26.1) 44 (32.8) 15 (32.6)
Postoperative complications 0,146 0.196
 No 551 (86.1) 400 (87.0) 109 (81.3) 42 (91.3)
 Yes 89 (13.9) 60 (13.0) 25 (18.7) 4 (8.7)
Adjuvant chemotherapy 0,72 0.085
 No 244 (38.1) 178 (38.7) 51 (38.1) 15 (32.6)
 Yes 396 (61.9) 282 (61.3) 83 (61.9) 31 (67.4)
CEA Groups  < 0,001 NR
 CEA NL 460(71.8) 460(100.0) 0(0.0) 0(0.0)
 CEA ↑- NL 134(20.9) 0(0.0) 134(100.0) 0(0.0)
 CEA ↑- ↑ 46(7.1) 0(0.0) 0(0.0) 46(100.0)

CEA Carcinoembryonic antigen, CCI Charlson comorbidity index, AJCC American Joint Committee on Cancer, PSM Propensity score matching
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Table 2 General patient characteristics after PSM

CEA Expression

Variables n(%) TOTAL (n = 138) CEA NL (n = 46) CEA ↑- NL (n = 46) CEA ↑- ↑ (n = 46) P value Test SMD

Age group 0,542 0.025
 < 40 14 (10.1) 6 (13.0) 3 (6.5) 5 (10.9)
 40–70 84 (60.9) 24 (52.2) 32 (69.6) 28 (60.9)
 > 70 40 (29.0) 16 (34.8) 11 (23.9) 13 (28.3)
Gender 0,686 0.116
 Female 67 (48.6) 23 (50.0) 20 (43.5) 24 (52.2)
 Male 71 (51.4) 23 (50.0) 26 (56.5) 22 (47.8)
BMI in kg/m2 0,369 0.346
 < 18.5 8 (5.8) 3 (6.4) 3 (6.5) 2 (4.3)
 18.5–24.9 69 (50.0) 24 (52.2) 20 (43.5) 25 (54.3)
 25–29.9 40 (29.0) 11 (23.9) 19 (41.3) 10 (21.7)
 ≥ 30 21 (15.2) 8 (17.4) 4 (8.7) 9 (19.6)
Pathological stage 0,343 0.518
 I 14 (10.1) 8 (17.4) 2 (4.3) 4 (8.7)
 IIA 30 (21.7) 6 (13.0) 15 (32.6) 9 (19.6)
 IIB 8 (5.8) 2 (4.3) 3 (6.5) 3 (6.5)
 IIC 4 (2.9) 1 (2.2) 2 (4.3) 1 (2.2)
 IIIA 4 (2.9) 2 (4.3) 2 (4.3) 0 (0.0)
 IIIB 52 (37.7) 17 (37.0) 17 (37.0) 18 (39.1)
 IIIC 26 (18.8) 10 (21.7) 5 (10.9) 11 (23.9)
Tumor differentiation 0,303 0.304
 Well 17 (12.3) 5 (10.9) 9 (19.6) 3 (6.5)
 Moderate 70 (56.7) 23 (50.0) 24 (52.2) 23 (50.0)
 Poor 51 (37.0) 18 (39.1) 13 (28.3) 20 (43.5)
Tumor location 0,575 0.146
 Right colon 65 (47.1) 22 (47.8) 19 (41.3) 24 (52.2)
 Left colon 73 (52.9) 24 (52.2) 27 (58.7) 22 (47.8)
Lymphovascular invasion 0,891 0.058
 No 68 (49.3) 22 (47.8) 24 (52.2) 22 (47.8)
 Yes 70 (50.7) 24 (52.2) 22 (47.8) 24 (52.2)
Perineural invasion 0,782 0.096
 No 98 (71.0) 31 (67.4) 34 (73.9) 33 (71.7)
 Yes 40 (29.0) 15 (32.6) 12 (26.1) 13 (28.3)
Number of lymph nodes 0,355 0.426
 < 12 18 (13.0) 10 (21.7) 1 (2.2) 7 (15.2)
 ≥ 12 120 (87.0) 36 (78.3) 45 (97.8) 39 (84.8)
Pathology T stage 0,271 0.463
 T1 4 (2.9) 2 (4.3) 0 (0.0) 2 (4.3)
 T2 14 (10.1) 8 (17.4) 4 (8.7) 2 (4.3)
 T3 74 (53.6) 20 (43.5) 26 (56.5) 28 (60.9)
 T4 46 (33.3) 16 (34.8) 16 (34.8) 14 (30.4)
Pathology N stage 0,777 0.179
 N0 57 (41.3) 17 (37.0) 22 (47.8) 18 (39.1)
 N1 49 (35.5) 17 (37.0) 16 (34.8) 16 (34.8)
 N2 32 (23.2) 12 (26.1) 8 (17.4) 12 (26.1)
Surgical margins/type of resection 0,593 0.179
 R0 132 (95.7) 43 (93.5) 45 (97.8) 44 (95.7)
 R1 6 (4.3) 3 (6.5) 1 (2.2) 2 (4.3)
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invasion, tumor location, or post-operative complica-
tions. Advanced stage illness, presence of lymphatic/
vascular invasion, and adjuvant treatment were most 
common in group 3, followed by group 2 Table  1. The 
general patient characteristics after PSM are shown in 
Table 2.

Median follow-up was 46.4  months (range, 4.9–
147.4 months). Median DFS was significantly shorter in 
Group C at 55.5 months (95% CI 39.6–71.3) than in the 
other two groups [A: 77.1  months (95% CI 72.6–81.6)]; 
B: 75.7  months (95% CI 66.8–84.5) (p-value < 0.001)] 
Fig. 2A.

Overall survival was also significantly worse in group 
C [57.1 (95% CI 37.8–76.3) months] than in A [82.8 
(95% CI 78.6–86.9  months] and B [87.1 (95% CI 79.6–
94.5 months] (p-value = 0.002) Fig. 2B.

After PSM, we continued to identify differences in 
DFS and OS among the groups (p = 0.028 and p = 0.002, 
respectively) Fig. 3A and B.

To identify whether change in CEA levels pre-oper-
ative and post-surgery was an independent prognostic 
factor for survival outcomes, a Cox proportional hazard 
model was performed. The multivariate analysis showed 

that change in CEA levels was a statistically significant, 
independent prognostic factor for both overall sur-
vival (p-value = 0.041, Table  3) and disease-free survival 
(p-value = 0.029, Table 4).

Discussion
Post-operative serum CEA is an accurate, cost-effective, 
widely available test that shows potential as a prognostic 
biomarker in stage II-III colon cancer. Findings regarding 
the prognostic value of post-operative CEA could pro-
vide evidence to guide individualized adjuvant treatment 
of stage II-III colon cancer. For example, patients with 
high CEA after resection with no other known risk fac-
tors could benefit from more intensive adjuvant therapy, 
while those with lower post-operative serum CEA val-
ues could avoid aggressive treatments and their potential 
undesirable effects [18]. However, additional prospective 
studies are needed to verify the role of CEA in determin-
ing survival outcomes and its usefulness for guiding deci-
sions regarding adjuvant treatment.

In this study, we analyzed the prognostic value of 
changes in CEA levels pre-operative and post-surgery in 
CC patients who underwent radical surgery with curative 

Table 2 (continued)

CEA Expression

Variables n(%) TOTAL (n = 138) CEA NL (n = 46) CEA ↑- NL (n = 46) CEA ↑- ↑ (n = 46) P value Test SMD

 R2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Cancer obstruction 0,261 0.228
 No 122 (88.4) 38 (82.6) 43 (93.5) 41 (89.1)
 Yes 16 (11.6) 8 (17.4) 3 (6.5) 5 (10.9)
Cancer perforation 0,261 0.228
 No 122 (88.4) 38 (82.6) 43 (93.5) 41 (89.1)
 Yes 16 (11.6) 8 (17.4) 3 (6.5) 5 (10.9)
CCI
 0 26 (18.8) 7 (15.2) 12 (26.1) 7 (15.2) 0,555 0.318
v1 39 (28.3) 11 (23.9) 13 (28.3) 15 (32.6)
 2 24 (17.4) 7 (15.2) 8 (17.4) 9 (19.6)
 ≥ 3 49 (35.5) 21 (45.7) 13 (28.3) 15 (32.6)
Postoperative complications 0,754 0.093
 No 122 (88.4) 40 (87.0) 42 (91.3) 42 (91.3)
 Yes 16 (11.6) 6 (13.0) 4 (8.7) 4 (8.7)
Adjuvant chemotherapy 0,968 0.031
 No 46 (33.3) 15 (32.6) 16 (34.8) 15 (32.6)
 Yes 92 (66.7) 31 (67.4) 30 (65.2) 31 (67.4)
CEA Groups  < 0,001 NaN
 CEA NL 46(33.3) 46(100.0) 0(0.0) 0(0.0)
 CEA ↑‑ NL 46(33.3) 0(0.0) 46(100.0) 0(0.0)
 CEA ↑‑ ↑ 46(33.3) 0(0.0) 0(0.0) 46(0.0)

CEA Carcinoembryonic antigen, BMI Body mass index, CCI Charlson comorbidity index. Values presented as number (%)
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intent. We identified an association between persistent 
high CEA levels after surgery and worse survival out-
comes. In addition, such features as bowel obstruction 

or perforation, advanced-stage cancer, and the presence 
of lymphatic, vascular, or perineural invasion were asso-
ciated with poor outcomes. These results proved to be 

Fig. 2 A Disease‑free survival. B Overall survival
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Fig. 3 A Disease ‑free survival. B Overall survival



Page 10 of 13Muñoz‑Montaño et al. BMC Cancer          (2023) 23:678 

Table 3 Univariate and multivariate models to predict OS in colon cancer patients with AJCC stage I‑III after PSM

CEA Carcinoembryonic antigen, CCI Charlson comorbidity index, AJCC American Joint Committee on Cancer, PSM Propensity score matching

5-year overall survival (OS)

Total (events) Median (95% CI) P-value HR (95% CI) P-value

Age (yrs.) 0.763
 < 65 88 (15) 76.1 (65.1–87.0)
 ≥ 65 50 (12) 67.4 (49.7–85.0)
Sex 0.181
 Female 67 (15) 66.3 (51.4–81.1)
 Male 71 (12) 79.0 (67.0–90.9)
Pathological stage 0.047 .290
 I 14 (0) 100
 II 42 (7) 78.6 (62.5–94.6)
 III 82 (20) 64.4 (50.8–77.9) 2.218 (0.507–9.714)
Tumor differentiation 0.004 0.005
 Well and moderate 87 (13) 81.9 (71.9–91.8)
 Poor 51 (14) 53.4 (32.2–74.5) 2.009 (1.234–3.270)
Lymphovascular invasion .077
 No 68 (10) 83.8 (73.4–94.4)
 Yes 70 (17) 60.5 (44.4–76.5)
Perineural invasion .068
 No 98 (18) 76.4 (66.0–86.8)
 Yes 40 (9) 63.1 (40.0–85.6)
CCI .455
 0 26 (3) 87.2 (73.9–100)
 ≥ I 112 (24) 68.5 (56.9–80.0)
CEA 0.021 0,041
 NL 46 (9) 76.0 (61.1–90.8)
 ↑- NL 46 (5) 85.5 (71.8–99.2)
 ↑-↑ 46 (13) 57.1 (37.8–76.3) 1.518 (0.926–2.489)
Cancer obstruction 0.871
 No 122 (23) 74.5 (64.5–84.4)
 Yes 16 (4) 66.8 (39.7–93.8)
Cancer perforation 0.914
 No 122 (25) 72.5 (71.5–73.4)
 Yes 16 (2) 82.5 (59.9–100)
Number of lymph nodes .645
 < 12 18 (5) 67.9 (44.5–91.2)
 ≥ 12 120 (22) 74.3 (63.9–84.7)
Pathology N stage 0.034 0.042
 N negative 58 (7) 85.5 (74.3–96.6)
 N positive 80 (20) 63.5 (49.5–77.4) 2.448 (1.034–5.798)
Surgical margins/type of resection 0.666
 R0 132 (25) 74.2 (64.5–83.8)
 R1/R2 6 (2) 55.6 (69.9–100)
Adjuvant chemotherapy
 No 46 (33.3) 74.9(57.8–91.9) 0.841
 Yes 92 (66.7) 73.0(58.9–87.1)
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Table 4 Univariate and multivariate models to predict DFS in colon cancer patients with AJCC stage I‑III after PSM

CEA Carcinoembryonic antigen, CCI Charlson comorbidity index, AJCC American Joint Committee on Cancer, PSM Propensity score matching

5-year disease-free survival (DFS)

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

Age (yrs.) 0.913
 < 65 88 (24) 69.3 (58.7–79.9)
 ≥ 65 50 (15) 65.5 (49.8–81.1)
Sex 0.249
 Female 67 (22) 61.9 (48.5–75.2)
 Male 71 (17) 73.3 (62.3–85.0)
Pathological stage 0,049 0.411
 I 14 (1) 91.7 (76.0–100)
 II 42 (10) 78.1 (65.3–90.8)
 III 82 (28) 58.5 (46.1–70.8) 1.491 (0.575–3.865)
Tumor differentiation 0.006 0.006
 Well and moderate 87 (19) 76.5 (66.8–86.1)
 Poor 51 (20) 50.1 (31.4–68.7) 1.682 (1.163–2.432)
Lymphovascular invasion 0.039 0.806
 No 68 (14) 78.6 (68.2–88.9)
 Yes 70 (25) 56.8 (42.9–70.7) 0.898 (0.382–2.114.)
Perineural invasion 0.135
 No 98 (25) 71.7 (61.7–81.7)
 Yes 40 ( 14) 58.8 (41.5–76.0)
Charlson comorbidity index 0.341
 0 26 (5) 80.4 (64.9–95.8)
 ≥ I 112 (34) 61.0 (49.4–72.5)
CEA 0.028 0.029
 NL 46 (13) 69.2 (54.1–84.2)
 ↑- NL 46 (8) 80.5 (68.3–92.6)
 ↑-↑ 46 (18) 55.5 (39.6–71.3) 1.387 (0.932–0.2.065)
Cancer obstruction .515
 No 122 (35) 67.2 (57.7–76.6)
 Yes 16 (4) 73.3 (50.9–95.6)
Cancer perforation 0.992
 No 122 (35) 67.8 (58.6–77.0)
 Yes 16( 4) 71.8 (48.2–95.3)
Number of lymph nodes 0.271
 < 12 18 (8) 51.9 (27.4–76.4)
 ≥ 12 120 (31) 70.9 (61.8–79.9)
Pathology N stage 0.026 0.028
 N negative 58 (11) 81.9 (71.7–92.1)
 N positive 80 (28) 57.5 (44.9–70.0) 2.193 (1.091–4.407)
Surgical margins/type of resection 0.201
 R0 132 (36) 68.9 (59.8–77.9)
 R1/R2 6 (3) 50.0 (10.0–89.9)
Adjuvant chemotherapy
 No 46 (33.3) 75.5 (59.8–91.2) 0.841
 Yes 92 (66.7) 64.2(53.0–75.4)
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statistically significant in the multivariate analysis after 
PSM, so they can be considered robust. Many studies have 
explored the role of serum CEA as a prognostic indicator 
in colon cancer. Observational studies have found that pre-
operative CEA level is a significant indicator for recurrence 
and survival, while others have determined that post-
operative CEA is an independent prognostic factor [8, 12, 
14, 18]. Population-based studies with large cohorts have 
reported that pre-operative CEA level is only a poor inde-
pendent prognostic factor [14, 17], but they were based on 
insufficient CEA data, failed to adjust for clinical features, 
and included patients with palliative surgery. Other stud-
ies do not report any significant CEA findings with respect 
to oncological outcomes [14]. Konishi et al  [15] reported 
similar results to ours; indeed, their research suggests 
that patients with elevated post-operative CEA present an 
increased risk for recurrence compared to those with CEA 
values that returned to reference levels post-surgery.

Earlier studies demonstrated that elevated pre-oper-
ative CEA levels are associated with advanced-stage 
cancer, higher recurrence rates, and worse survival out-
comes. Furthermore, high post-operative CEA levels are 
strongly associated with residual disease and/or distant 
metastases [16, 17].

,Iit is important to determine the prognoses and risk 
of recurrence of all CC patients, so there is an urgent 
need to identify biomarkers for this purpose [14, 17, 18]. 
Measuring serum CEA is simple, fast, inexpensive, and 
reliable, so it is a widely used biomarker in cases of CC 
[18]. Our study confirms that variability in CEA levels 
pre-operative and post-surgery has clinical and prognos-
tic implications that allow us to appropriately identify 
patients with a higher risk of recurrence who may benefit 
from aggressive adjuvant treatment.

Our study has some limitations: first, its retrospective 
nature is an intrinsic limitation; second, it was a single-
center project; and, third, we did not aim to establish a 
definitive cut-off value for elevated CEA, but only used a 
predetermined value of 5 ng/mL. Despite these features, our 
study had the strength of using propensity score matching 
to evaluate the prognostic value of CEA levels and overcome 
the confounding bias among the 3 study groups. Finally, we 
evaluated CEA levels pre-operative and post-surgery to 
assess the direction of variability in these patients.

Conclusion
When assessed in conjunction, pre-operative- and post-
operative CEA values are useful biomarkers for pre-
dicting survival outcomes in patients with resected CC. 
Prognoses are worse for patients with elevated pre-
operative and post-surgical CEA values, but similar in 
patients with normal post-surgical values, regardless of 
their pre-operative -surgery levels.
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