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Abstract. The aim of this study was to determine clinical value of alone and combined use of serum cytokeratin
(CK)-18, carcinoembryonic antigen (CEA) and CA 19-9 in esophageal squamous cell carcinoma and gastric
adenocarcinoma. Serum tumor markers were measured in 60 patients who had esophageal squamous cell carcinoma
or gastric adenocarcinoma. Thirty healthy subjects served as controls. In patients with gastric adecarcinoma serum
CK-18 levels were significantly increased compared to both esophageal squamus cell carcinoma and control groups
(p<0.01, p<0,05 respectively). But there was no significant difference in CK-18 levels between esophageal
squamous cell carcinoma patients and healthy subjects (p>0.05). On the other hand, serum CEA and CA 19-9
levels did not differ between groups (p>0.05). The sensitivity of serum CK-18, CEA and CA19- 9 in esophageal
squamous cell carcinoma were 53%, 70% and 66%, respectively. For gastric adenocarcinoma, the sensitivity of
each tumor marker was similar 70%, 70% and 70%, respectively. CK-18/CA19-9 combination in the esophageal
(83%) and gastric carcinomas (93%) were found to be more sensitive than other tumor markers when these markers
were evaluated in combination.
CEA exhibited the highest sensitivity for esophageal squamous cell carcinoma compared to CK-18, and CA19-9.
However, the sensitivity of all tumor markers in gastric adenocarcinoma were similar. The combination of CK-18
and CA19-9 could increase the diagnostic sensitivity in esophageal and gastric carcinomas.
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1. Introduction
Gastrointestinal system (GIS) cancers are one
of the major causes of malignancy-related deaths
(1). Despite the decreasing incidence of gastric
cancer in last decades mortality burden remains
high. 5-year survival rate of patients with gastric
cancer has not changed in the last 30 years, and
many patients are still diagnosed at an advanced
stage (2,3). Esophageal cancer is the ninth most
common malignancy in the world with the
highest incidence seen in developing countries.
Its unique epidemiologic characteristics, high
mortality, and increasing incidence have
triggered significant research in many areas (4).
The diagnosis of most of upper GIS cancers is
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made in the later stages of the disease when
curative treatment is not possible. A diagnosis to
be made in the earlier stage would be useful on
the part of the patients in terms of reducing
mortality and morbidity (2) Tumor markers are
potentially useful in screening for cancer,
monitoring the course of the disease, and
detecting the relaps or recurrence after the
treatment (5). Unfortunately, no tumor marker
with high specificity and sensitivity could
become a routine diagnostic or screening tool for
upper gastrointestinal malignancies (6, 7). The
advantage of combined use of multiple tumor
markers is under debate for patients with
gastrointestinal tumors. In clinical practice tumor
markers such as CEA, CA19-9, CA 242 and CA
72-4 are commonly used for screening of
gastrointestinal malignancies (8). The CEA, the
wellacknowledged tumor-associated antigen of
colon cancer was also described as a prognostic
marker in patients with advanced gastric cancers
(9). Serum CA19-9 was found to be better than
CEA as a prognostic marker in patients with
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Table 1
Characteristics and Mean Serum CK-18, CEA, CA 19-9 Levels of The Groups.
n

F/M

Age
(X±SD)

CK-18*
(X±SD)

CEA*
(X±SD)

CA 19-9*
(X±SD)

Esophageal squamous cell
carcinoma

30

18/12

57,5±11

5,78±6,9

9,9±18

35,9±56

Gastric adenocarcinoma

30

19/11

56,9±8

11,50±13 ab

11,1±25

34,9±31

Healthy subjects

30

17/13

55,6±3

3,6±2

2,9±1

16,3±7

*Cut-off values of tumors markers; CK-18= 3,1 ng/mL, CEA= 2,62 ng/mL, CA 19-9= 16,5 U/mL ap< 0.05 group II vs group I,
bp< 0.01 group II vs group III

gastric cancer (10). Cytokeratins, proteins of the
intermediate filaments of epithelial cells, have
been used as specific markers for tumor cells of
epithelial origin (11). CK-18 is an intermediatesized keratin-like filament characteristic for
epithelial cells. Expression of the human CK-18
polypeptide was detected at the protein level in a
large number of tumors (12). Cytokeratin–18 and
two conventional biochemical markers, CEA and
CA 19-9 were analysed in 90 patients with
esophageal squamous cell carcinoma, gastric
adenocarcinoma and healthy subjects. The aim of
our study was to assess the clinical relevance of
these three markers and to determine whether
combined use of these markers could improve
diagnostic sensitivity and specificity.

2. Material and method
A total of 60 patients, who had the diagnosis of
esophageal squamous cell carcinoma and gastric
adenocarcinoma through endoscopical and
histopathological examination, were enrolled into
the study. The patients were divided into two
groups according to types of cancer: Group I was
composed of 30 patients with squamous cell
carcinoma (18 women, 12 men; mean age:
57.5±11); group II included 30 patients with
gastric adenocarcinoma (8 men, 14 women; mean
age: 56,9±8,8). The third group was composed of
30 healthy subjects (12 men, 8 women; mean age:
55,6±13,2) matched for age, sex and smoking
habitus who were free of any gastric symptom or
disease. The diagnosis of all the patients with
cancer was confirmed by clinical, endoscopical
and pathologic examination. Esophageal cancers
were located in proximal (n=3), medial (n=8) or
distal (n=19) thirds of esophagus. As for the
gastric cancers 13 of them were localized in
antrum, 11 in corpus and 6 in cardia. The
histopathological examination revealed intestinal
morphology in 27 patients and diffused-type

adenocarcinoma in 3 patients according to
Laurens’ classification. Abdominal computed
tomography (CT) scan was performed in all
cases with esophageal and gastric carcinomas. In
patients with esophageal cancer distant
metastases were detected in liver in 3 patients and
in lung in two at the time of diagnosis. In patients
with gastric cancer, liver metastasis was found in
6 and peritoneal metastasis in 3, pancreatic
metastasis in 2 and bilateral ovarian metastasis in
1 patient. Venous blood samples were drawn from
each subject at the time of endoscopy. Blood was then
centrifuged at 2000 rpm for 10 min in a refrigerated

centrifuge to separate serum samples from the
cells. All serum samples were stored at -70°C in
plastic tubes until the analysis. Serum CK-18,
CEA, CA19-9 levels were measured using the
commercial IMMULITE Cytokeratin-18, CEA
and CA19-9 kits, which were a solid-phase, twosite chemiluminescent immunometric assay.
All results were given as (mean±SD). The
difference of serum levels of CK-18, CEA and
CA19-9 among patients with esophageal
squamous
cell
carcinoma
and
gastric
adenocarcinoma were compared by one wayANOVA model using Scheffe test. The difference
was considered statistically significant if the P
value was less than 0.05. The sensitivity of assay
was defined as the number of true-positive assays
divided by the total number of patients with
cancer. Combined sensitivity of two tumor
markers is defined as the percentage of patients in
which the levels of at least one marker was higher
than its cut-off value. The specificity of assay
was defined as the number of true-negative
assays divided by the total number of patients
without
cancer.
A
receiver
operating
characteristic (ROC) curve was constructed to
decide the cut-off point and to assess the
diagnostic
accuracy
of
each
tumor
marker
value
for the
diagnosis of
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Table 2
Sensitivity, Specifities, Positive Predictive Value and Negative Predictive Value of CK-18, CEA, CA19-9 Used Alone
and in Combination in Esophageal and Gastric Carcinomas

ParameterΦ

Esophageal squamous cell carcinoma
Positive

Negative

Sensitivity

Specificity

PPV*

NPV¶

F/ M

F/ M

(%)

(%)

(%)

(%)

9/7

9/5

53

57

55

54

CEA

11/10

7/2

70

60

63

67

CA 19-9

12/8

6/4

66

60

62

64

CK-18/ CEA

13/11

5/1

80

33

54

62

CK-18/ CA19-9

15/10

3/2

83

50

62

75

CEA/ CA19-9

13/11

5/1

80

33

54

62

CK-18/CEA/ CA19-9

15/11

3/1

86

30

55

69

CK-18

Gastric adenocarcinoma
CK-18

14/7

5/4

70

57

62

65

CEA

12/9

7/2

70

60

63

67

CA 19-9

14/7

5/4

70

60

63

66

CK-18/ CEA

17/10

2/1

90

33

57

76

CK-18/ CA19-9

18/10

1/1

93

50

65

88

CEA/ CA19-9

17/10

2/1

90

30

56

75

Φ Cut-off values of tumors markers; CK-18= 3,1 ng/mL, CEA= 2,52 ng/mL, CA19-9= 16,5 U/mL
* Positive predictive value
¶ Negative predictive value

esophageal and gastric carcinoma. The predictive
value of a positive assay was defined as the
number of true-positive assays divided by the
total number of positive assays. The predictive
value of a negative assay was defined percentage
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of true-negative assays among all negative
assays. The diagnostic efficiency was defined as
the number of true-positive plus true-negative
assays divided by the total number of patients
with and without cancer.
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3. Results
The difference in terms of age and gender
distribution between the groups of cancer and
healthy subjects were not found to be statistically
significant (p>0.05). The mean serum levels of tumor
markers were shown in Table 1. Using ROC curve
(Figure 1), the cut-off value for serum CK-18,

CEA and CA19-9 in esophageal squamous cell
carcinoma and gastric adenocarcinoma were
determined to be 3.1 ng/mL, 2.52 ng/mL and 16.5
U/mL, respectively. The cut-off values for tumor
markers were same in esophageal and gastric
cancer. Serum CK-18 values were found to be
above the cutoff value of 3.1 ng/mL in 16 (53 %)
of the patients with esophageal squamous cell
carcinoma, 21 (70%) of the patients with gastric
adenocarcinoma, and 13 (43%) of the controls.
Serum CEA values were found to be above the
cut-off value of 2.52 ng/mL in 21 (70%) of the
patients with esophageal squamous cell
carcinoma, 21 (70%) of the patients with gastric
adenocarcinoma and 11 (36%) of the controls.
Serum CA 19-9 values were found to be above
the cut-off value of 16.5 U/mL, in 20 (66%) of
the patients with esophageal squamous cell
carcinoma, 21 (70%) of the patients with gastric
adenocarcinoma, and 12 (40 %) of healthy
subjects. The mean serum CK-18 levels in
patients with esophageal and gastric carcinoma
were higher than healthy subjects. The
differences in serum CK-18 levels between
gastric adenocarcinoma and healthy subjects
(p<0.01) and between esophageal squamous cell
carcinoma and gastric adenocarcinoma (p<0.05)
were statistically significant. But there was no
significant difference in CK-18 levels between
esophageal squamous cell carcinoma and healthy
subjects (p>0.05 ). The mean serum CEA and CA
19-9 levels in patients with esophageal squamous
cell carcinoma and gastric adenocarcinoma were
higher than healthy subjects. But there were no
significant differences in serum CEA and CA 199 levels between the groups (p>0.05) (Table 1).
The diagnostic power of serum CK-18, CEA and
CA19-9 as a screening test for esophageal
squamous
cell
carcinoma
and
gastric
adenocarcinoma were assessed by ROC curve
analysis. The ROC curve is drawn through points
that represent different decision cut-off levels.
The optimal combination of sensitivity and
specificity for CK-18 were determined as 53%
and 57% respectively in esophageal squamous
cell adenocarcinoma, and 70% and 57% in gastric
adenocarcinoma with a cut-off value of 3.1
ng/mL, respectively. In esophageal squamous cell

carcinoma, the optimal combination of sensitivity
and specificity for CEA were determined as 70%
and 60% respectively, while for gastric
adenocarcinoma 70% and 60%, for a cut-off
value of 2.52 ng/mL. In esophageal squamous
cell carcinoma, the optimal combination of
sensitivity and specificity for CA19-9 were
determined as 67% and 60% respectively, while
for gastric adenocarcinoma 70% and 60%, for a
cut-off value of 16.5 U/mL. CEA was more
sensitive (70%) and specific (63%) than the other
two markers in esophageal squamous cell
carcinoma. However, among three markers no
difference was found in terms of the sensitivity and
specificity

in gastric adenocarcinoma (Table
2)(Figure 1). Based on the results of the ROC curve,

combined evaluation of two tumor markers
increased the sensitivity. For example, the
sensitivity of the combination of CK-18/CA19-9
was 83% in the esophageal squamous cell
carcinoma
and
93%
in
the
gastric
adenocarcinoma. Table 2 demonstrates the
sensitivity and specificity values of such
combinations.

4. Discussion
Serum tumor markers have been used in aiding
the diagnosis of gastrointestinal cancers for a
long time. Previous studies reported that the
elevated serum values reflect the increased
secretion of tumor antigens by tumor itself (13).
However mild elevation of serum tumor marker
levels in a number of early-stage cancers has
always been difficult to justify as many benign
pathologies may frequently cause such changes.
The clinical use of tumor markers is much more
beneficial in determination of prognosis,
assessing response to treatment and detection of
early recurrences (14). In our study, various
tumor markers such as CK–18, CEA and CA19-9
have been investigated in the serum of
esophageal squamous cell carcinoma and gastric
adenocarcinoma, separately and in combination to
define diagnostic sensitivity of these markers.
Cytokeratins are polypeptides that contribute to
the formation of intermediate filaments forming
the cytoskeleton, thus maintaining the structural
integrity of the cell body cytokeratins are
distributed in epithelial cells. At present 20
distinct cytokeratins have been identified in the
cytoskeleton of epithelial tissues, and can be
subdivided in two subfamilies; cytokeratin 9 to
20, acidic proteins with molecular masses
of 40 to 65 kDa (type I), and cytokeratins 1 to 8,
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Figure 1. ROC curve of (—’—) cytokeratin–18, (—y—) CEA, (—q—) CA19-9 in esophageal squamous cell carcinoma (A) and
gastric adenocarcinoma (B). The optimum true –positve and false positive rates are demonstrated using decision thresholds
(arrows; cut-off points) of 3,1ng/mL for CK-18; 2,52 ng/mL for CEA and 16,5 U/mL for CA19-9.

neutral to basic proteins with molecular masses of
50 to 70 kDa (type II)(11,15). The differential
expression of individual cytokeratins in various
types of carcinomas makes them useful markers
for histopathological carcinoma subtyping,
providing relevant information concerning the
differention and origin of carcinomas, especially
when tumors first present as metastases (16). The
most common cytokeratins in carcinoma are
cytokeratin 7, 8, 18 and 19. They can be found
intratumorally and in blood circulating as
partially degraded complexes and can as such be
used as tumor markers clinically (17). In adults,
as it has been shown for other cytokeratins, CK8, CK-19, and CK-18 is also over expressed in
proliferating tissues such as endometriosis, liver
cirrhosis, and malignant tumors. Soluble serum
CK-18 has been proposed as a diagnostic tool in
evaluating treatment response and early detection
of relapse in a variety of human malignancies
(18). It has been noted that the diagnostic values
of CK-18 in patients with gastrointestinal
tumours were higher. Few data exist on CK-18 in
patients with gastric carcinomas (6). In our study,
average serum CK-18 levels in patients with
gastric carcinomas were found significantly
higher than esophageal squamous cell carcinoma
and healthy individuals. Regarding the cut-off
values as 3.1 ng/mL, the sensitivity and
specificity of CK-18 were determined as 53% and
57% for esophageal squamous cell carcinoma,
70% and 57% for gastric adenocarcinoma,
respectively. The expression of CK-18 was
detected in 75% of patients with esophageal
squamous cell carcinomas (19). In another study,
Kornec et al (6) reported 75 % sensitivity of CK-
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18 in patients with gastric cancer, so it has been
pointed out that CK-18 is a much more sensitive
marker than CEA and CA 19-9 in gastric cancer.
Our results were consistent with that of Kornec et
al (6). CEA is one of the most reliable tumorassociated markers used for the detection of
malignancy. Serum CEA levels are used for
cancer detection, determination of cancer stage
and recurrence, and evaluation of cancer therapy,
especially in patients with colorectal cancer (7).
There have been many studies of CEA in patients
with gastric cancer, but the role of serum CEA
determination in these patients is still
controversial (10). This may be due, in part, to
findings that serum CEA levels and positivity
rates are lower in patients with esophageal and
gastric cancers than in those with colorectal
cancer (20,21). Marked elevation of CEA was
found to be associated with signet ring or poorly
differentiated gastric carcinoma in the absence of
liver metastasis (9). CEA has been reported to be
beneficial in determining the relapses and the
follow up of the responses to the treatment of the
patients with gastric and esophageal cancers (22).
In our study, regarding the cut-off values as 2.52
ng/mL, serum CEA levels were found to be
higher in 70% cases with esophageal and gastric
carcinomas, respectively. Gion et al (23) reported
that CEA was positive in 27% of the patients with
esophageal cancers. In the same study, it has been
reported that the positivity rate of CEA was
correlated with the stage of the disease. In
another study CEA was found to be positive in
39% of cases with esophageal cancers (24).
Elevated serum levels of CEA were shown to be
positive in 14%-58% of gastric cancer patients
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(24,25). Ychou et al (25) found that the
sensitivity of CEA was 75% in 52 patients with
gastric adenocarcinoma. Victorzon et al (21)
reported that the sensitivity of CEA was 30-64%
in patients with gastric cancers and its specificity
was 67-73%. Koga et al (26) found that the
sensitivity of CEA was 20 % in 468 cases with
gastric cancer. In another study, CEA was found
to be increasing in 14- 29% of localized cases and
in 85% of cases with metastasis (27). Our results
was consistent with that of Ychou et al (25).
Besides being a marker closely associated with
pancreatic cancer, CA19- 9 is also an adhesion
molecule expressed on vascular endothelium (28).
CA19-9 can be positive in colorectal, breast and
liver cancers as well as in pancreas cancers (29).
Serum CA19-9 was raised not only by tumors
itselfs but also by infection (30). In our study,
regarding the cut-off values as 16.5 U/mL, among
the cases with esophageal and gastric carcinomas,
serum CA19-9 levels were found to be higher in
66% and 70%, respectively. Our findings were
relatively higher than those reported in literature.
Gion et al (23) found that CA19-9 was positive in
13% of esophageal cancers and in 16% of gastric
cancers. In another study the sensitivity of CA199 in gastric cancers was reported to be 30% and
the specificity 54% (31). The positiveness of
CA19-9 shows a correlation with the depth of
tumor, its magnitude, and its metastasis to
various organs and tissues (32). Although CA199 in gastric carcinoma is a better prognostic
factor than CEA, the diagnostic value of such a
tumor marker is limited (10,32). Both tumor
markers shows a peak increase in those patients
with hepatic metastasis. It is supposed that the
decrease of hepatic elimination of CEA and
CA19-9 plays a role in elevation of serum level
of tumor markers in hepatic metastasis (33). The
serum CA19-9 and CEA levels in two of our
cases with gastric cancers with liver metastasis
were found to be coherently higher, resembling
those data in the literature. In the same way,
serum CA19-9 levels were higher in two of our
gastric cancer cases with pancreas metastasis. In
order to enhance the sensitivity it is helpful to
combine two assays together (7). In our study, the
combination of CK-18 and CA19-9 could
increase the sensitivity to 70% in esophageal
carcinoma and 83% in gastric carcinoma. The
combined evaluation of the three markers (CK18, CEA, CA19-9) in serum resulted in a
significant increase in diagnostic sensitivity
compared to the combination of two tumors
markers. This finding confirms
the results
previously reported by other authors. Lopez et al
(7) reported that the combined use of CA72-4,

CEA and CA19-9 could be beneficial in the
diagnosis of esophageal and gastric cancers.
There are also literatures contradicting the above
ones. Patai et al (34) reported that the combined
use of CA19-9 and CEA could not increase the
diagnostic sensitivity in gastrointestinal cancers.
ROC plateaus provide a wide range of spectral
view of all possible sensitivity and specificity
values. The y-axis plots the true-positive rate (the
sensitivity) and the x-axis plots false-positive rate
(1-specificity). Every test can reach to a high
sensitivity in one point, but obtaining minimal
false positive results in this point is crucial.
Higher sensitivity of the markers in our study
may be attributable to selection of lower cut-off
values in ROC curve when compared to these
studies reporting low sensitivity as they used
considerably higher cut-off values. The present
study showed that CEA has a higher positivity
rate for esophageal squamous cell carcinoma than
CK-18 and CA19-9. However, CK-18, CEA and
CA19-9 showed similar sensitivity for gastric
adenocarcinoma. The combination of three
markers could increase the sensitivity in
esophageal and gastric carcinomas.
In conclusion, the results of our study indicated
that serum CK-18 is not a much more sensitive
marker than CEA and CA19-9 in esophageal and
gastric carcinomas. The combination of CK-18
and any other tumor marker would be more
predictive since the different markers may act in
a complementary fashion and provide a better
clinical picture. In general terms, although most
tumor markers are not satisfactory in the
diagnosis of malignancy so far, tumor markers of
esophageal and gastric cancer are more helpful in
prognosis or recurrence, less so in early
diagnosis. However, detailed studies are needed
to prove the combined value of various markers
in esophageal and gastric carcinoma.
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