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Abstract
Aims: Studies have shown that serum levels of tumor
markers are influenced by several factors. The present
study has assessed the effect of smoking, age, sex and on
elevated levels of carcinoembryonic antigen (CEA) among
the healthy individuals, and has compared it in patients
with newly diagnosed colorectal cancer.
Methods: Our experimental study was conducted on 800
cases in Iran. We had two parallel groups including 675
normal cases and 125 patients with colorectal cancer. The
quantitative measurement of CEA for the recruited
individuals was carried out by RIA method.
Results: We observed the distribution of CEA values was
significantly higher in colorectal cases than apparently
healthy cases (P<0.001). Also the distribution of CEA
values was found to be significantly higher in the healthy
smokers group when compared to the healthy nonsmokers (P<0.05). Comparison among mean of CEA levels
in three age groups including individuals with mean age
under 30 years, between 30 and 60 years and upper 60
years old respectively as groups 1, 2 and 3 showed
significantly elevated CEA levels in over 60 years
individuals (P<0.05).
Conclusions: This study indicated that among all
disagreements about CEA validity as a beneficial tool for
clinicians, they should be aware of the usefulness of the
CEA level in serum but even a very high CEA level should
not be considered by itself as evidence of cancer.
Keywords: Carcinoembryonic antigen, Tumor marker,
Colorectal cancer
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Introduction
Tumor markers are usually proteins or glycoproteins
produced by the body in response to cancerous growth or by
the cancer tissue that are possible to detect in serum, urine, or
tissue samples. This group of protein is also observed in many
healthy individuals, so it is not their presence in serum but
their quantity that makes tumor markers useful (Park 2013)
[1]. Carcinoembryonic antigen is a 200kDa glycoprotein
produced during human embryo-fetal development, but the
production of CEA after birth is considered as an abnormal
sign that implicates malignancies especially colorectal cancer
(CRC). The word "carcinoembryonic" or "oncofetal" antigen
reflects the fact that CEA is produced by developing fetus and
by some cancers (Beauchemin 2013, Kin 2013) [2,3]. Also CEA
values can be elevated in benign conditions such GI infection,
peptic ulcer, inflammatory bowel disease, pancreatitis,
hypothyroidism, cirrhosis, biliary obstruction as well as in
associated malignancies such as lung, gastric, medullary,
thyroid, head and neck, cervical, and hepatic cancers,
lymphomas and melanoma [4-7]. On the other hand, some
studies have shown that in some cancers the incidence of CEA
can predict the onset of the disease ahead of the clinical
symptoms of the disease itself, and this observation is
considered unique among some other laboratory tests [8]. In
contrast, some studies have indicated that the measurement
of serum CEA levels is not valuable in screening for any
malignancy including colorectal cancer or in the diagnostic
evaluation of an indeterminate disease [9]. CEA assay is an
inexpensive and easy to perform test; however, repeated
measurements to monitor disease, follow up and the response
to therapy contribute to higher costs and increase laboratory
workload. The aim of this study is to investigate the status of
serum CEA values and evaluation of cigarette smoking, age
and sex effects on elevated carcinoembryonic antigen levels
among the apparently healthy individuals and patients with
newly diagnosed colorectal cancer.
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Material and Methods
Patients and samples
The data for this prospective study were collected during a
period of three years between May 2011 and 2014 among
cases in Tehran. Participants were selected from Tehran
because the composition of its population represents a proper
example for studies about the general Iranian public. Written
consent was obtained from each participant, and the study
was approved by the medical ethics committee of Tehran
University of Medical Sciences. Inclusion criteria for healthy
subjects included absence of infection and signing the
approval form. In addition, the patients with early stage of
colorectal cancer should provide complete medical history
including laboratory tests and clinical examination documents
signed by a physician with expertise in oncologic conditions.
Exclusion criteria were as follows: incomplete blood draw or
hemolyzed samples, subjects with a prior or current neoplastic
disease or the presence of a serious disease of any other
etiology apart from CRC. In our study, the specimens of 675
subjects including 414 females and 261 males referred to the
above laboratory were obtained, and were subject to CEA
serum level assay. In addition, 125 patients with colorectal
cancer formed the other group. All the patients were in an
early stage of CRC before and during the same drug regimen
therapy.

Measuring CEA serum levels
Blood was obtained from the patients by venipuncture
technique without any anticoagulant for serum, and the tubes
were code-named to observe the anonymity of patients, and
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the serum was immediately prepared by high-speed
centrifugation (2500 × g). After exclusion of two samples due
to hemolysis, the quantitative measurement of serum CEA was
performed on fresh serum samples by Radio Immuno Assay
(Beckman Coulter/Immunotech), a highly sensitive and specific
immunologic method of quantifying the concentration of an
antigen in a solution that relies on a radioactively labeled
antibody specific for the antigen. According to the
manufacture guidelines, the upper limit of 5 ng/ml CEA
concentration was accepted as normal, and the upper limit of
7 ng/ml was accepted for smokers.

Statistical analysis
Results were reported as mean ± standard deviation (SD) for
quantitative variables and percentages for categorical
variables. Obtained data of the study was analyzed by
Statistical Package for Social Science (SPSS) software.
Statistical independent t test was used to evaluate the
significance of differences between groups in mean of
continuous variables. P<0.05 was considered statistically
significant. The upper reference values were defined as the 95
percentile of the normal values in each group.

Results
For inclusion in the study, a group of 800 cases (mean age
55 years, range 1-91) without any neoplastic disease other
than CRC were potentially eligible.
Table 1 shows the distribution of CEA values was
significantly higher in colorectal cases than apparently healthy
cases (P<0.001).

Table 1 Comparison of CEA serum levels between patients, healthy individuals, smoker patients and smoker healthy individuals.
(Significant difference is compared to patients groups).
Groups

Total No

No: With

No: With

No: With

<5 ng/ml

5-7 ng/ml

>7 ng/ml

Average
level*

CEA

cases
At Risk

Significant
difference#

Patients

125

0

0

125 (100%)

47 (ng/ml)

125 (100%)

-

Healthy
individuals

675

550 (81.48%)

31 (4.58%)

94 (13.92%)

6.3 (ng/ml)

125 (18.51%)

Yes (P<0.001)

Smoker patients

4

0

0

4 (100%)

24 (ng/ml)

4 (100%)

Yes (P<0.01)

Effects of smoking on the results of CEA are shown in Table
2. Statistical analysis shows that the level of CEA in smokers
has increased significantly, compared to nonsmokers (P<0.05).
Comparison among mean of CEA levels in three age groups
including individuals with mean age under 30 years, between
30 and 60 years and upper 60 years old respectively as groups
1, 2 and 3 showed significantly elevated CEA levels in over 60
years individuals (P<0.05) (Table 3 and Figure 1).
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respectively, 59 (59.22%) and 66 patients (24.15%) are in the
danger zone.

Figure 1 Comparison of CEA serum levels between less than
30 years, between 30 and 60 years and upper 60 years old
individuals.
Table 2 Effect of smocking on CEA serum level in male healthy
individual
Non smoker

Smoker

Significant

No.

207

54

Yes (P<0.05)

CEA level average

5.42 ng/ml

11.32 ng/ml

Table 3 Comparison of CEA serum levels between less than 30
years, between 30 and 60 years and upper 60 years old
individuals.
Total

Lower
than
years

30

Between
30 to 60
years

More than
60 years

No.

675

48

352

275

Male/Female

261/414

19/29

129/223

113/162

Average
level

6.3
ng/ml

4.8 ng/ml

5.1 ng/ml

8.1 ng/ml

CEA

Figure 2 Comparison of CEA serum levels between male and
female.
Figure 3 discusses the comparison of serum CEA levels
between groups of healthy subjects over 60 years, healthy
people who smoke, smokers with colorectal cancer and
patients with colorectal cancer. The results show that serum
levels in patients with colorectal cancer was significantly
increased compared to the other three groups. It also shows
that CEA in patients with colorectal smokers compared to
healthy smokers and healthy people over the age of 60 is
significantly higher. Statistically there is no also a significant
difference between healthy smokers and healthy people over
the age of 60 who smoke.

As shown in Table 4 and Figure 2, from a group of 261
healthy male subjects, 202 (39.77%) have CEA levels lower
than 5 ng, 13 individuals (98.4%) have CEA levels between 5-7
ng and 46 (61.17%) have CEA levels more than 7 ng.
Table 4 Effect of gender on CEA serum level in healthy
individual.
Gende
r

Tot
al
No

No:
With

No: With

No: With

No. of cases

5-7 ng/ml

>7 ng/ml

At Risk

Male

261

202

13

46

59 (22.59%)

Femal
e

414

348

18

48

66 (15.24%)

Total

675

550

31

94

125 (18.51%)

<5
ng/ml

Also from a group of 414 female subjects, 348 (76.84%)
have CEA levels lower than 5 ng, 18 (34.4%) have CEA levels
between 5-7 and 48 (90.10%) have CEA levels more than 7 ng.
Generally there is no difference between the CEA serum level
in male and female subjects. In males and females,
© Copyright iMedPub

Figure 3 Comparison of CEA serum levels between under 30
years, Smokers, Smoker patients and Patients.

Discussion
Tumor markers are useful alarming tools when disease
cannot be assessed, determined and firmly diagnosed by
standard criteria. CEA is a tumor marker especially
overexpressed in colorectal cancer, and there are many
contradictory findings about sensitivity and usefulness of this
tumor marker. It must be consider that assessment of CEA
levels in serum has a major role in following and monitoring of
patients for relapse after intended therapeutic program of CRC
[8,10]. But there are several reports about unspecific elevated
levels of CEA in apparently healthy smokers and elderly
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individuals or in some benign conditions such as liver and
gastrointestinal system inflammations of any cause.
Furthermore it is demonstrated that CEA serum levels increase
in head and neck cancer, lung cancer, melanoma, lymphoma
and many other malignancies [11-15]. Hence, there are
contradictory findings and postulations about sensitivity,
usefulness, diagnostic specificity and predictive value of CEA as
a tumor marker.
In this study, we examined serum levels of CEA in patients
with colorectal cancer and the results were compared with
healthy subjects. For this experience, 125 patients who were
newly diagnosed with colorectal cancer were examined and
the results of the CEA levels were over 7 ng/ml. The average
level of CEA in serum was reported to be 47 ng/ml in patients.
This is while the 675 healthy subjects had a mean of 6.3 ng/ml
and the average level of CEA in serum was normal and only
13.9% individuals from this group showed CEA levels of more
than 7 ng/ml. In other words, these results suggest increased
levels of CEA in the first stages of the disease and it can be
used as an effective and rapid diagnostic tool, especially in the
early stages. But the interesting thing is that the average CEA
level in the serum of 13.9% health individuals were higher
than 7 ng/ml, and 18.5% of individuals are in the danger zone.
These results support the findings of several other studies
reporting different factors causing high levels of CEA. So
healthy subjects were divided in different groups of sex, age
and smoking or non-smokers and then the level of CEA were
examined. The result showed that, as in other studies, smoking
increases the serum CEA levels in healthy individuals. We
observed that the levels of CEA were higher in smokers group
in comparison with nonsmokers in male. The results depicted
that the level of CEA in smokers was 11.32 ng/ml, and that the
CEA level in all smokers are in the danger zone, while in nonsmokers it is 5.42 ng/ml. But comparing the CEA levels in
smokers with people who have the disease, shows that there is
difference in the CEA levels between the two groups.
Also, in this study, healthy subjects were divided into three
groups aging below 30 years, between 30 and 60 years and
above 60 years and we observed that the average level of CEA
in patients under 60 years were normal and equal to 5.1
ng/ml. However, the serum levels of CEA in patients above 60
years of age were higher than other people and increased to
8.1 ng/ml. Increased levels of CEA in these patients seems to
be related to non-specific damage to various organs of the
body due to aging [12]. The study also showed that gender has
no effect on the level of CEA and that CEA levels in 77% and
84% of females and males, respectively, are in the normal
range. Only 13% and 16% of females and males, respectively
are in risk zone, which could be due to either age or because
of smoking. Yet the latter cause in female population does not
seem to be a major factor, as in the Iranian community,
women rarely smoke. These results clearly show that when
CEA is considered as a tumor marker, the patient's history
related to smoking and age should be considered as well and
when smokers or people aged higher than 60 are tested for
levels of CEA, the threshold should be considered higher than
normal. For both groups, the average level of CEA is higher
than 7 ng/ml.

4

2016
Vol.4 No.2:98

Conclusion
In general, this study showed that CEA serum level in
addition to the colorectal cancer patients in elderly and
cigarettes people also increases. It was also found that in
smokers, especially smoking patients measuring CEA is not
valuable. Amongst many contradictory results, the
measurement of CEA is a useful method for screening,
diagnosis; follow-up and treatment of CRC but Physiological
influences that need to be considered in interpreting the
results include effects of aging and smoking. Also other
diagnostic tools, should be considered for patients with
elevated levels of CEA, such as colonoscopy, chest, abdominal
and pelvic CT scans and physical examination before
treatment, because our findings indicate that many benign and
malignancy conditions are associated with elevated CEA
values, which may lead to misunderstanding of the CEA levels.
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