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ABSTRACT
Introduction: Many evidence indicates that Carcinoembryonic antigen (CEA) and Carbohy-
drate antigen 19-9 (CA 19-9) have strong reactivity with tumor cells and may serve as a useful 
marker in identifying patients with colorectal cancer (CRC). Objectives: The goal of this study 
was to evaluate the relationship between preoperative concentration of serum levels of CEA 
and CA 19-9 and progression of colorectal cancer. Methods: The retrospective study included 
80 patients operated for colorectal cancer at the Clinic for General and Abdominal Surgery, 
Clinical Center of University of Sarajevo, from 2013 to 2018. The following clinical and labo-
ratory parameters were observed: age, sex, preoperatively measured concentrations of CEA 
and CA 19-9 antigens, CRC localization, postoperative histopathological findings and CRC 
stage (TNM classification). All of the data above were processed by relevant statistical meth-
ods, with an accepted level of statistical significance of p <0.05. Results: The highest serum 
levels of CEA and CA 19-9 were observed in stage IV of CRC. Average CEA and CA 19-9 values 
did not differ significantly between tumor stages (p>0.05). Preoperatively measured serum 
concentrations of CEA and CA 19-9 in patients with CRC were significantly correlated (rho = 
0.328, p = 0.001). An increase in the depth of tumor invasion of the intestinal wall tumor (pT) 
is followed by an increase in the serum value of the CEA marker, but this ratio was not statis-
tically significant (rho=0.194, p=0.080), while the relationship between depth of intestinal 
wall invasion and serum level of CA 19-9 was significantly positive correlation (rho = 0.252, p 
= 0.024). However, the linear regression analysis model showed that serum levels of CEA and 
CA 19-9 could not be predictors of CRC stage and depth of tumor invasion of the intestinal 
wall (p> 0.05). Conclusion: Preoperatively measured serum values of CEA and CA 19-9 can-
not indicate the specific stage and histopathological size of the CRC.
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1. INTRODUCTION
Colon cancer is globally the third most commonly diagnosed cancer in 

both men and women (1). About 1.65 million new cases and nearly 855,000 
deaths were reported in 2015 (2). Colorectal cancer (CRC) is expected to in-
crease globally by 60% by 2030 to over 2.2 million new cases and 1.1 million 
deaths (3).

The fact is that current clinical and pathological indicators cannot predict 
the outcome of the disease. Therefore, significant efforts have been made in 
recent years to find new markers for timely identification and a more selec-
tive approach to the therapy.

Carcinoembryonic antigen (CEA) is a protein normally found in embryonic 
or fetal tissue. It is almost absent in the serum after birth, but small amounts 
may be present in the colon. In adults, CEA may be elevated in malignant 
disorders which produce proteins, especially mucinous cancers associated 
with the gastrointestinal tract or ovaries. A meta-analysis found that the CEA 
sensitivity for the diagnosis of CRC was only 46%, while the specificity was 
also limited (4). Carbohydrate antigen 19-9 (CA 19-9) or cancer antigen 19-9 
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is an oncofetal tumor marker which was isolated and re-
ported by Koprowski et al. for the first time in 1979 (5). 
It is elevated in 20-40% patients with gastric cancer (6), 
20-40% patients with CRC (7) and 70-93% patients with 
pancreatic tumor (8, 9).

Serum levels of CA 19-9 and CEA are well known tu-
mor markers that are used in the diagnosis of CRC and 
are also reported to correlate with tumor progression, 
the degree of metastasis, and as well as the overall prog-
nosis for colon cancer (4). However, they cannot be used 
in the diagnosis of non-metastatic colon cancer because 
of their non-specificity for early detection of colon can-
cer. The results of a study conducted by Japanese authors 
indicate that elevated preoperative serum levels of CA 
19-9 may serve as a useful marker in identifying patients 
with lymph node-negative colorectal cancers at high risk 
for recurrence after surgery (10).

An expert panel on breast and colon cancer markers 
established by the American Society of Clinical Oncolo-
gy (ASCO) recommended that neither serum CEA nor 
any other marker, including CA 19-9, should be used 
as screening or diagnostic test for CRC (11). Some re-
searchers conclude that preoperative serum CEA and 
CA 19-9 values should be associated with mandatory 
procedures for determining the stage of CRC patients, 
while the values of other tumor markers is yet to be eval-
uated in future studies (12).

2. AIM
The aim of this study was to analyze the relationship 

between preoperative concentration of CA 19-9 and 
CEA in the serum of patients with colorectal cancer and 
to determine whether the monitored biomarkers have 
predictive significance in assessing the stage of colorec-
tal cancer and the depth of bowel wall invasion (pT).

3. MATERIAL AND METHODS
The study was designed as a retrospective, observa-

tional study. It was performed at the Clinic for General 
and Abdominal Surgery, Clinical Center University of 
Sarajevo (CCUS). The study involved 80 patients under-
going colorectal cancer surgery from 2014 to 2018. The 
study included: patients of both genders, older than 18 
years, with clinically and histopathologically confirmed 
colorectal cancer, patients with histopathologic findings 
of resected tumor tissue, patients which have under-
gone tumor staging, and patients with colorectal cancer 
which had preoperatively measured serum concentra-
tions of CA 19-9 and CEA antigen. Patients with proven 
neoplasm of another organ not related to colorectal can-
cer were not included in the study.

Analysis of serum concentrations of CEA and CA 19-9 
antigen were performed at the Department of Clinical 
Chemistry CCUS. Reference values used for CEA in se-
rum were 0-5 mcg/L, and for CA 19-9 0-35 U/mL.

Histopathologic examination of tissue samples was 
performed at the Department of Clinical Pathology 
CCUS. CRC staging was determined according to the 
TNM classification by the American Association of 
Cancer (AJCC) from 2010 (13).

4. RESULTS
A total of 80 subjects diagnosed with colorectal cancer 

(CRC) were enrolled in the study. The ratio of male and 
female respondents is 36 to 44 (45% : 55%). The age dif-
ference shown was not statistically significant, p = 0.324 
(Graph 1). Most men and women are between 60 and 80 
years old.

Preoperatively measured concentrations of carci-
noembryonic antigen (CEA) and carbohydrate antigen 
(CA 19-9) in the serum of patients with colorectal can-
cer were correlated with each other (rho = 0.328, p = 
0.001) (Graph 2).

Serum concentrations of CEA and CA 19-9 from sub-
jects with different stages of CRC are shown in Table 1. 
The most extreme serum CEA values were found in five 
subjects with stage IV CRC, but the mean values (medi-

Graph 1. Age structure of respondents in relation to gender

Graph 2. Ratio of serum CEA and CA 19-9 in subjects with colorectal 
cancer

Stage of CRC

Variabe I
(n=2)

II
(n=27)

III
(n=46)

IV
(n=5)

CEA 
(mcg/L)

0.77
(0.37-0.78)

3.60
(2.42-13.90)

4.34
(1.77-20.44)

29.3
(2.05-606.5)

CA 19-9 
(U/mL)

5.03
(2.74-4.80)

10.33
(6.54-26.34)

8.21
(3.67-20.14)

343,00*ǂ
(35.9-1675.4)

Table 1. Serum concentration of CEA and CA 19-9 in colorectal cancer 
patients in relation to cancer stage. Data are presented as median and 
interquartile range q1-q3. *p<0.05 between stage II and IV; ǂp<0.05 
between stage III and IV
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an) of this marker did not statistically significantly differ 
between different tumor stages (p> 0.05).

Extremely elevated CA 19-9 concentrations were 
found in stage IV of CRC (343.0 (35.98–1675.43) U/
mL). Mean values (median) of this marker were not sig-
nificantly different between the first, second and third 
stages of colorectal cancer (p>0.05), while the differenc-
es between stages II and IV, as well as between stages III 
and IV, were statistically significant (p<0.05) (Graph 3).

The histopathological size of colon tumors is accom-
panied by an increase in serum CEA, but this ratio is not 
statistically significant (rho = 0.194, p = 0.08). In con-
trast, the histopathological size of the colorectal tumor, 
that is the depth of tumor invasion of the intestinal wall 
(pT), was accompanied by a statistically significant in-
crease in the serum value of the CA 19-9 marker (rho = 
0.252, p = 0.024).

A linear regression analysis model was used to inves-
tigate the mode of independent association of the mon-
itored variables with the stage of CRC and the depth of 
tumor invasion of the bowel wall. In this model, serum 
values of CEA and CA 19-9 showed no statistically sig-
nificant effect on the histopathological size of CRC (p> 
0.05) (Table 2).

5. DISCUSSION
Colorectal cancer is one of the major health problems 

in most countries of the world. More than one million 
people suffer from this disease every year (14). The pri-
mary goal of all health systems is the early detection of 

this cancer, because then surgical and oncological treat-
ment will allow longer survival and better quality of life 
for the patient.

Some studies have shown that CEA and CA 19-9 
markers are not specific for early detection of colorec-
tal cancer (15, 16). However, the determination of these 
antigens in colorectal tissue is an important prognostic 
marker, and some researchers conclude that preopera-
tive serum levels of CEA and CA 19-9 should be asso-
ciated with mandatory procedures in determining the 
stage of CRC (16, 17) .

Our study involved examining the relationship be-
tween preoperative serum concentration of CA 19-9 
and CEA in patients with CRC, and histopathological 
tumor size. Serum CA 19-9 concentration is markedly 
increased in stage IV CRC and is statistically signifi-
cantly different from the concentration of this biomark-
er in the second and third stages of this tumor disease. 
Serum CEA values do not differ significantly between 
CRC stages although the highest values are in stage IV 
disease. The results of the study showed that preopera-
tively measured concentrations of CEA and CA 19-9 in 
the serum of patients with CRC were correlated where-
by higher serum CEA markers were observed in subjects 
with higher serum CA 19-9 levels. The depth of tumor 
invasion of the colon wall is accompanied by an increase 
in the serum value of the CEA marker, but this ratio is 
not statistically significant, whereas the serum CA 19-9 
value is statistically significant in relation to the histo-
pathological size of the tumor.

The CEA marker values in our study are similar to 
those reported by Al-Shuneigat et al, where the average 
CEA value was 3.56 mcg/L, while the average CA 19-9 
value was slightly higher than our study and was 28 U/
mL (17). Similar results were obtained by Zhang SY et al. 
in a study of 138 patients, where the average CEA value 
was 5.60 mcg/L, or in the range 2.08-11.25, while the av-
erage CA 19-9 value was 21.60 U/mL, i.e. in the range of 
11.45–46.00 U/mL (18).

The highest average values of CEA markers (29.30 
mcg/L) in our study were observed in stage IV of the 
tumor, followed by stage III 4.34 mcg/L, and stage II 3.60 
mcg/L, while the lowest values were on average in stage 
I 0.77 mcg/L. Our results are partly in line with those 
of Tomasevic SR. and their study of 183 subjects, where 
the mean CEA values in the first and second stages were 
4.12 mcg/L, values in the third stage were 5.19 mcg/L, 
and the average marker values in the fourth stage were 
37.22 mcg/L, while CEA values were significantly elevat-
ed in stage IV, whereas in other stages the values of this 
biomarker were approximately the same. Similar results 
were obtained for the tumor marker CA 19-9, where in 
the first and second stages CA 19-9 values were 13.66 U/
mL, values in the third stage were 17.35 U/mL, while in 
the fourth stage they found significantly elevated values 
of this marker 77.72 U/mL (19).

In our study, the serum values of CA 19-9 markers 
were significantly increased in stage IV of CRC com-
pared to serum values of markers in other CRC stages. A 
statistically significant difference in the CA 19-9 tumor 

Graph 3. Serum values of CA 19-9 markers relative to tumor stage

Unstandardized Coef-
ficients

Standardized Coef-
ficients

B Std. Error Beta t p

(Constant) 2.193 0.374  5.859 0.0001

CEA 0.000 0.000 0.091 1.062 0-292
CA 19-9 -0.001 0.000 -0.117 -1.317 0.192
Stage of CRC
(Constant) 4.128 0.725  5.691 0.0001
CEA 0.000 0.001 -0.033 -0.232 0.817
CA-19-9 0.002 0.001 0.252 1.725 0.089
Depth of bowel wall infiltration (pT)

Table 2. Independent predictors of colorectal cancer stage and bowel 
wall infiltration
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marker values between II and IV stages was found, as 
well as between III and IV stages (p <0.05).

The increase of CA 19-9 has demonstrated a signifi-
cantly higher frequency of metastasis and distinctly low-
er survival rate, making it an adverse prognostic factor 
for CRC patients (20). The results of retrospective-pro-
spective study by Vukobrat-Bijedic et al. further con-
firms the important role of significantly elevated levels 
of CA 19-9 and CEA as later markers in metastatic colon 
cancer (21).

The results of Polat et al. indicate that serum CEA 
and CA 19-9 values do not correlate with pT magnitude 
of intestinal tumor invasion (p> 0.05), which is partial-
ly consistent with our results (22). Specifically, in our 
study, the histopathological size of colon tumors was ac-
companied by an increase in the serum value of the CEA 
marker, but this ratio was not statistically significant (p = 
0.080). In contrast to CEA, the ratio of CA 19-9 markers 
to histopathological tumor size was statistically signifi-
cant (p = 0.024). However, the linear regression model 
did not indicate the predictive importance of either of 
these two biomarkers in predicting the stage or depth of 
tumor invasion of the bowel wall.

6. CONCLUSION
A combination of CA 19-9 and CEA can be utilized as 

diagnostic markers for advanced stages of CRC. How-
ever, the results obtained do not give predictive signifi-
cance to either of the two biomarkers in distinguishing 
different CRC stages and depth of tumor invasion in the 
bowel wall.
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