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ABSTRACT: Introduction: This study investigates the prognostic significance of carcinoembryonic antigen (CEA) 
levels in predicting early postoperative mortality in patients who have undergone colorectal cancer surgery. Methods: 
Between 2017 and 2022, total of 325 patients were enrolled in the study, and their preoperative serum CEA levels were 
measured. Relevant clinical and operative data were extracted and correlations between CEA levels and postoperative 
mortality was analysed. Results: Among the surgical cases, 180 patients (55.3%) exhibited elevated CEA levels. Within 
the early postoperative period of 30 days, 14 patients (4.3%) succumbed, comprising 8 cases (2.4%) of colon cancer 
and 6 cases (1.8%) of rectal cancer. Notably, only 3 cases (0.9%), consisting of 1 (0.3%) colon cancer and 2 (0.6%) 
rectal cancer cases, were associated with an elevated CEA level. However, no statistically significant correlations were 
observed between CEA levels and early postoperative mortality. Conclusions: Our findings indicate that increased CEA 
levels may not serve as a reliable non-invasive marker for identifying patients at high risk of early mortality in the context 
of colo-rectal cancer surgery. 
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Introduction 
According to official data, colorectal cancer 

(CRC) has emerged as a predominant form of 
neoplasia over the past decade, ranking as the 
third most common neoplastic condition in men, 
following lung and prostate cancer, and the 
second most common in women, after breast 
cancer [1]. 

Surgical intervention represents the sole 
curative approach for CRC, yet postoperative 
mortality persists despite advancements in 
diagnostic and therapeutic modalities. 

Carcinoembryonic antigen (CEA), a 
glycoprotein initially identified in colon cancer 
cells by Freedman and Gold [2,3], has been 
linked to various malignancies, with colorectal 
cancer expressing CEA in approximately 90% of 
adenocarcinoma cases [3]. 

Moreover, CEA elevation is observed in non-
malignant conditions such as pulmonary 
emphysema, liver cirrhosis, cholecystitis, 
pancreatitis, peptic ulcer, and colitis, thereby 
limiting its specificity as a marker for a particular 
cancer type [4,5]. 

Additionally, smokers typically exhibit raised 
serum CEA levels beyond 5µg/L [6]. 

Given its lack of specificity, CEA 
determination is not recommended for definitive 
diagnosis or routine screening. 

Nevertheless, it holds prognostic value and 
aids in post-treatment monitoring [7-9]. 

A normal serum CEA level is considered to be 
below or equal to 3.0µg/L. 

Levels exceeding 5µg/L but below 10µg/L 
indicate localized disease with a low probability 
of recurrence, whereas values surpassing 10µg/L 
suggest advanced disease with a higher likelihood 
of recurrence. 

Serum levels exceeding 20µg/L are typically 
associated with metastatic disease [10]. 

Persistent elevation of CEA during or after 
chemotherapy indicates inadequate response to 
current treatment, necessitating re-evaluation of 
therapeutic strategies and portending an 
unfavorable disease prognosis. 

Furthermore, elevated CEA levels following 
surgery may signify the presence of residual 
disease or distant metastasis. 
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The primary objective of this investigation is 
to evaluate the utility of CEA as a prognostic 
indicator in relation to immediate postoperative 
mortality. 

Material and Methods 
Patient selection 

Our study included all patients admitted 
between January 1st 2017 and December 31st 
2022 in the Surgery and Oncology Departments 
of the Emergency County Hospital of Craiova, 
Romania. 

All patients underwent comprehensive clinical 
and paraclinical investigations, including 
preoperative abdominal ultrasonography, 
computed tomography, magnetic resonance 
imaging (in case of rectal cancer), and extended 
panel blood test including tumoral markers (CEA, 
CA19-9). 

Patients were operated in different centres, 
and only patients with scheduled operations were 
included in the study. 

All patients benefited from neoadjuvant 
treatment, consisting in chemo-and radiation 
therapy. Serum CEA was determined 2-3 days 
prior to the surgical procedure. 

We included in the study only those values 
determined preoperatively, since we did not have 
access to CEA values before the initiation of 
neoadjuvant therapy. 

The patients were followed from the moment 
of diagnosis until 30 days after the surgical 
procedure. Two clinical assessments were 
conducted subsequent to the discharge of 
patients, with a 7-day interval separating the 
evaluations.  

The inclusion criteria consisted of (i) 
histologically-confirmed colonic or rectal 
carcinoma, (ii) previous preoperative adjuvant 
treatment, and (iii) preoperative serum CEA 
determination.  

Study design and data selection 
The study group was stratified into two 

distinct cohorts based on their serum 
carcinoembryonic antigen (CEA) levels: a 
negative cohort with concentrations below 
5.0ng/ml, and a positive cohort with 
concentrations equal to or exceeding 5.0ng/ml. 

CEA values of 5ng/dl were considered as cut-
off value instead of lesser values due to its 
superior predictive value in certain categories, 
such as smokers, patients with benign liver 
disease, peptic ulcer, etc [11,12]. 

Immediate mortality, in the context of this 
study, referred to mortality occurring within the 
initial 30 days following surgical intervention. 

The relevant data was obtained from the 
medical files and from the institution’s electronic 
database, and was stored as Microsoft Excel 
documents. 

All participants were included in this research 
after providing informed consent. 

The study adhered to the principles outlined in 
the Declaration of Helsinki and received ethical 
approval from the Ethics Committee of the 
University of Medicine and Pharmacy of Craiova 
(protocol no 71/28.04.2022). 

Statistical analysis 
Statistical comparisons between the groups 

were conducted using the Fisher exact test for 
categorical variables and the Student's t-test for 
assessing normal distribution and homogeneity of 
variances in continuous variables. 

Positive and negative predictive values, along 
with means and standard deviations, were 
computed for each parameter. 

For nonparametric data, descriptive statistics 
such as median and range (minimum and 
maximum) were employed, while parametric data 
were summarized using the mean and standard 
deviation. 

Statistical significance was determined at a 
significance level of p<0.05. 

Correlations between different subgroups 
were assessed using Pearson correlation 
coefficient (r), with values ranging from-1 to 1. 

An r-value of 1 indicated a perfect positive 
linear relationship, while an r-value of-1 
indicated a perfect negative linear relationship. 

An r-value of 0 was representative for a lack 
of linear relationship between the variables. 

Results 
A total of 325 patients with colorectal cancers 

were included in the study, of which 179 with 
colon cancer (CC) (55.07%) and 146 with rectal 
cancer (RC) (44.92%). 

Notably, the study incorporated 107 patients 
with rectal cancer (32.92%), in addition to 39 
patients diagnosed with cancer at the junction of 
the rectum and sigmoid colon (12%). 

A subset of 14 patients experienced mortality 
within the initial 30-day postoperative period. 

The gender analysis of the 325 patients 
showed an almost 2:1 ratio in favour of men: 124 
(38.15%) were women and 201 (61.84%) men. 
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The distribution of gender within the subset of 
colon cancer (CC) cases exhibited a relatively 
equitable pattern. 

Thus, of the 179 cases of CC 80 (24.6%) were 
female and 99 (30.4%) were male. 

In contrast, for rectal cancer (CR) cases, there 
was a distinct male predominance. 

Specifically, 44 cases (13.5%) were 
associated with female patients, while 102 cases 
(31.3%) were associated with male patients. 

Of the 325 cases 180 (55.38%) had positive 
CEA values before surgery. 

The distribution of CEA status by tumor 
location was as follows: 94 out of 179 patients 
(28.9%) with colon cancer (CC) and 86 out of 146 
patients (26.4%) with rectal cancer (RC) had 
positive CEA status. 

The distribution according to location, CEA 
and sex groups is represented in Table 1. 

 

Table 1: Groups distribution according to tumor topography, gender, and CEA level. 

Colon Cancer Rectal cancer 
Women (80 pts) Men (99 pts) Women Men 

Total CEA(+) Total CEA(+) Total CEA(+) Total CEA(+) 
80 (24.6%) 36 (11.0%) 99 (30.4%) 58 (17.8%) 44 (13.5%) 32 (9.8%) 102 (31.3%) 54 (16.6%) 

Total cases: 179 (55.07%) Total cases: 146 (44.9%) 
Total CEA(+) cases: 94 (28.9%) Total CEA(+) cases: 86 (26.4%) 

Total cases: 325 (100%) 
Total CEA(+) cases: 180 (55.38%) 

 

No statistical differences were observed 
between CEA (-) and CEA (+) groups in term of 
tumor grading, size, age, and haemoglobin (Hb) 
level. 

No correlations were found between the 
above-mentioned variables and CEA level 
(Table 2). 

 

Table 2. CEA status in relation to tumor size, grading, age, and haemoglobin level in colorectal cancer 
patients. 

Variable Mean (±Std Dev) CEA (-) CEA (+) r (Pearson) p (t-test) 
Mean tumor size (cm) 5.61 (±2.90) 5.37 (±2.46) 0.04 0.04 
Tumor grading 2.18 (±0.48) 2.13 (±0.50) 0.04 0.42 
Age (y) 67.90 (±12.46) 67.64 (±9.87) 0.01 0.83 
Haemoglobin (g/dl) 11.52 (±2.18) 11.67 (±2.23) 0.06 0.55 

 

Among the cohort of 325 cases subjected to a 
surgical intervention, a total of 14 cases (4.3% of 
the sample), experienced mortality within the 
initial postoperative month. 

Of these fatalities, 8 patients (2.4%) presented 
with colonic carcinoma, while the remaining 

6 cases exhibited rectal carcinoma, amounting to 
1.8% of the overall population. 

Notably, only 3 cases (0.9%) of the 8 colon 
cancer cases, exhibited elevated preoperative 
carcinoembryonic antigen (CEA) levels. 

The distribution according to location, CEA 
and sex is presented in Table 3. 

 

Table 3. Distribution of mortality according to tumor location, gender, and CEA level. 

Colon cancer Rectal cancer 
Women Men Women Men 

Total CEA+ total CEA+ Total CEA+ Total CEA+ 
3 (0.9%) 0 5 (1.5%) 1 (0.3%) 0 0 6 (1.8%) 2 (0.6%) 

Total cases: 8 (2.4%) Total cases: 6 (1.8%) 
Total CEA+ cases: 1 (0.3%) Total CEA+ cases: 2 (0.6%) 

Total cases: 14 (4.3%) 
Total CEA+: 3 (0.9%) 

 

In all 14 (100%) cases adenocarcinoma was 
identified as the pathological form. 

Of the 14 cases, 9 (64.2%) presented a form of 
anemia, with mean Hb level of 10.6g/dl in 
patients with colon cancer and 9.9g/dl in rectal 
cancer patients. 

Only 3 cases with anemia had increased CEA 
level (one patient with colon cancer and 2 with 
rectal cancer). 

Concerning the TNM staging, it was observed 
that all cases with mortality in the first month 
were stage IIIB and IV, as noted in Table 4. 
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Table no 4. Distribution of cases based on mortality and TNM stage. 

Total cases Colon cancer (8 cases; 2.4%) Rectal cancer (6; 1.8%)  
14 (100%) Std III B Std IV Std III B Std IV 

CEA + 0 1 (0,3%) 0 2 (0,6%) 
 

The examination of the surgical procedures 
revealed a consistent pattern in all patients 
diagnosed with colon cancer, wherein tumor 
resection was carried out as the initial stage 
procedure, irrespective of the TNM staging. 

Conversely, in patients with rectal cancer, 
resection was solely conducted in those with 
stage IIIB, while in stage IV a consistent 
approach of supratumoral anus was maintained in 
all cases. 

Discussions 
Colorectal cancer ranks among the most 

prevalent malignancies worldwide, necessitating 
the continuous exploration of reliable markers for 
early detection, treatment response assessment, 
and patient prognosis. 

CEA, a glycoprotein expressed in a variety of 
cancers, is notably upregulated in approximately 
90% of colorectal adenocarcinomas. 

Given its widespread occurrence, CEA has 
emerged as an attractive candidate for clinical 
application in CRC management. 

On the other hand, mortality in the first 
postoperative month following colorectal cancer 
surgery remains high, although in recent years, 
with advances in diagnostic and treatment 
methods, a certain decrease has been noted. 
International studies report a mortality rate 
between 0 and 8%, therefore the mortality 
identified in our study is within the international 
average [13-15]. 

The utility of CEA as a perioperative marker 
of prognosis and oncologic monitoring in 
colorectal cancer is well established since its first 
description in 1965 by Gold and Freedman, 
which first extracted it from colon cancer and 
embryonic tissues. 

Subsequently, extensive efforts have been 
undertaken to identify additional functions for 
this biomarker, beyond its conventional roles in 
diagnosis, prognosis assessment, recurrence 
detection, metastasis monitoring, and the 
evaluation of chemotherapy efficacy. [16-18]. 

Despite a multitude of published studies 
illustrating the prognostic significance of 
carcinoembryonic antigen (CEA) in colorectal 
cancer (CRC) patients, a consensus on the 
specific cutoff values has yet to be reached. 

While the serum level of carcinoembryonic 
antigen (CEA) is frequently elevated in cancer 
patients, it can also be raised in various benign 
conditions, including cirrhosis, inflammatory 
bowel disease, pancreatitis, and among heavy 
smokers. 

In an effort to enhance the specificity and 
sensitivity of CEA as a diagnostic marker for 
malignancies, the decision was made to raise its 
threshold value. 

Taking into account these considerations and 
recognizing the heterogeneity of the study 
population, a higher CEA threshold of 5ng/dl was 
adopted for this research. 

Our study indicated no correlations between 
increased CEA levels and certain clinical and 
biological variables, such as tumor grading and 
size, age, or haemoglobin level. 

These findings seem to at least partially 
contradict previous research indicating a direct 
connection between CEA level and these 
variables [19]. 

Recently, the role of CEA as a marker for 
mortality risk assessment was analysed, with 
encouraging results. 

A multicentric longitudinal cohort study of Li 
et al indicated that the dynamic measurements of 
CEA, alongside CA 19-9 and CA 125, were 
recommended to monitor the prognosis of 
colorectal cancer patients [17]. 

Another study of Zhang et al showed that 
postoperative CEA levels seem to predict 
outcomes after resection of colorectal cancer in 
patients with normal preoperative CEA levels 
[20]. 

However, to our knowledge, no study 
specifically identifying a relationship between 
CEA values and early postoperative mortality in 
colorectal cancer has been published. 

While CEA has demonstrated considerable 
clinical utility, certain limitations warrant 
consideration. 

Based on our analysis, no link between 
CEA+cases and mortality have been identified. 

On the contrary, the percentage of CEA-cases 
with nefarious outcomes was higher than 
CEA+cases. 

Based on these findings, it seems safe to 
assume that its clinical and prognostic application 
must be interpreted judiciously in conjunction 
with other diagnostic tools. 
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Further research and advancements in 
biomarker discovery may hold promise for 
improving CRC patient care, ultimately 
contributing to enhanced treatment outcomes and 
overall survival. 

Conclusion 
Serum CEA should not be used as a prognostic 

marker for early mortality in colorectal cancer 
surgery. 

Integrating CEA with other emerging 
biomarkers and advanced imaging techniques 
may enhance its diagnostic and prognostic value 
in clinical practice. 
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