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Abstract

Background: There are very few studies on the comparative diagnostic value of CEA and Cal9.9 in esophageal
squamous cell carcinoma (ESCC). Aims and objectives: The aim of the present study was to access the clinical
relevance of CEA and CA19.9 in ESCC and to determine whether combined use of these marker could improve
diagnostic sensitivity and specificity. Material and Method: Venous blood Samples were collected from
total 68 individuals, divided into two categories, group 1 includes 18 healthy individuals and group 2 includes
50 patients with already diagnosed cases of ESCC prior to any treatment. Tests were performed to estimate
the value of CEA and Cal9.9. Different statistical analysis has been performed to derive a clinically meaningful
value. Results: The mean serum CEA and CA 19.9 levels and also the ratio of CEA/Cal9.9 were higher in
patients with ESCC than healthy subjects. In ESCC, the optimal combination of sensitivity and specificity for
CEA were determined as 48% and 94% and for CA19.9 were determined as 76% and 72% respectively, whereas
combined analysis of CEA/CA19.9 were lower than individual value in patients. Over all accuracy rate was
better with CA19. The diagnostic power of CEA and CA19-9 as a screening test for ESCC were assessed by
ROC curve analysis. The cut-off value for CEA and CA19-9 in ESCC were found to be 2.9 2 ng/ml and 7.4 ng/ml
and were found to be above the cut-off value in 25 (50%) and 42 (84%) of the patients with ESCC respectively.
Conclusion: The results of our study indicated that serum CA19.9 has a higher positivity than serum CEA in
esophageal cancer. The combined use of CA19-9 and CEA (ratio) could not increase the diagnostic sensitivity
in esophageal cancers in our study.
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Introduction

Esophageal cancer (EC) is the eighth-most common
cancer and the sixth-most common deadliest cancer
worldwide [1]. In India, it is the fourth most common
cause of cancer-related deaths [2], whereas in North-east
Indian population esophageal cancers are the most
common malignancy in male, second most common
cancer in female and second most in overall population
as per kamrup urban registry [3]. Much regional variation
exists in the incidence and pathology of esophageal cancer.
Although majority of cancer are squamous cell carcinoma
(SCC), it has been reported that in countries with higher

human development index (HDI), there is a higher
incidence of adenocarcinoma (AC) of the esophagus
[4]. Currently, in Indian subcontinent, the most common
type of EC is SCC the and the most common location
is the distal third of the esophagus [5]. Approximately,
47,000 new cases are reported each year and the reported
deaths reach up to 42,000 each year in India [6].

Major risk factors for SCC are predicted to be poor
nutritional status, low intake of fruits and vegetables,
drinking beverages at high temperatures excess tobacco and
alcohol consumption, and possibly human papillomavirus
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infection., whereas the established risk factors for AC
esophagus include smoking, alcohol, obesity, chronic
gastroesophageal reflux disease, and the presence of
Barrett’s esophagus.

Here, it is worth mentioning that published data
from different regions in India have indicated their
observations on the local risk factors. For example, the
northern state of Kashmir, smoking (hookahs), snuff,
sundried spices and vegetables, hot salted tea with baking
soda, and red chilies have been implicated as risk factors
[2-7], whereas in North-east India Betel quid chewing
with or without tobacco consumption is associated with
the development of EC specially in Assam [8]. Kalakhar,
a unique and locally made food item, has emerged as
a significant risk factor (odds ratio [OR] =8.0, 95%
confidence interval [CI] =5.1-11.5, P<0.001) associated
with esophageal cancer [9].

Another publication from Ludhiana, Punjab, found
that poor nourishment and consumption of hot beverages
linked to SCC when they studied esophageal SCC in
women who generally neither smoke nor consume alcohol
[10].

The cause of deadliness of these tumour are due to late
stage presentation, when advanced SCC form mass and
invades lymph nodes and also due to subtle early lesions
easily missed on endoscopy in asymptomatic patients.
The another attributable cause may be lack of dedicated
tumour marker for EC screening. In other gastrointestinal
(GI) cancers, routinely used markers like serum CEA and
CA 19.9 are confined to more of prognostic and treatment
response parameter than diagnostic or screening tool. As
the individual value of these marker are influenced by
benign and inflammatory processes, the combination of
these serum markers might be of useful in diagnostic
assessment.

There are very few studies on the comparative
diagnostic value of CEA and Cal9.9 in esophageal
squamous cell carcinoma (ESCC). From India, Bagaria
et al has studied comparative diagnostic value of CEA
and Cal9.9 in esophageal , gastric and colon cancer [11].

The aim of the present study was to access the clinical
relevance of CEA and CA19.9 in ESCC and to determine
whether combined use of these marker could improve
diagnostic sensitivity and specificity by analysing ROC
curve.

Materials and Methods

After analysing the availability of all the inclusion
data and exclusion criteria, the study subjects include 68
individuals, divided into two categories, group 1 includes
18 healthy individuals and group 2 includes 50 patients
with already diagnosed cases of esophageal squamous
cell carcinoma prior to any treatment. Exclusion criteria
used for healthy group were use of tobacco any form,
any Gl illness or recent hospitalization, considering these
factors might influence the serum tumour markers levels.
Cancer patients with history of any form of treatment were
excluded from the study.

Venous blood Samples were collected from each

subject in clot vials. Blood was then centrifuged at 2000
rpm for 10 min in a refrigerated centrifuge to separate
serum samples from the cells. CEA, CA19-9 levels
were measured using the commercial IMMULITE CEA
and CA19-9 kits, which were a solid-phase, two site
chemiluminescent immunometric assay.

Statistical analysis

All results were given as (mean+SD). The difference of
serum levels of CEA and CA19-9 between group | and
group 2 were compared by one way- ANOVA model using
Scheffe test. The difference was considered statistically
significant if the value was less than 0.05.

Sensitivity, specificity, positive and negative predictive
value, positive and negative likelihood ratio, accuracy rate
were calculated by using the standard methods.

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
individually as well as ratio for the diagnosis of ESCC.

Results

Data were analyzed using SPSS version 10.0.
The mean age of the patients were 50 year with age
range from 26-70 year and male to female ratio of 3:1.
No significant difference in age and gender were found
between the healthy and patient group.

The mean serum levels of the individual tumor markers
were shown in Table 1.

The mean serum CEA and CA 19.9 levels in patients
with ESCC were higher than healthy subjects. But there
were no significant differences in serum CEA and CA 19.
9 levels between the two groups (p>0.05).

The mean of ratio CEA/CA19.9 is more in group 2
than that of group 1, however statistical significance is
not seen Table 2.

The sensitivity, specificity, negative and positive
predictive value and likelihood ratio of CEA and CA19.9
are mentioned in the Table 3,4 and 5. In ESCC, the optimal
combination of sensitivity and specificity for CEA were
determined as 48% and 94% respectively, and for CA19-9
sensitivity and specificity were determined as 76% and
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Figure 1. ROC Curve of CEA and CA19.9
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Table 1. Mean Value of CEA & CA19.9

Descriptives
N Mean Std. Deviation p value
cea Group1 (Control) 18 1.858 0.744
Group 2 (Esophageal Cancer) 50 11.261 56.148 0.482
cal9.9 Groupl (Control) 18 8.8 8.164
Group 2 (Esophageal Cancer) 50 44316 143.072 0.299
Table 2. Mean Value of Ratio CEA/CA19.9
Ratio Study group N Mean Std deviation pvalue
CEA/Ca 19.9 Group 1 18 0.439 0.489 0.958
Group 2 50 0.449 0.756
72% respectively in our area and since there is no ideal serum markers for

Combined analysis of CEA/CA19.9 showed that
sensitivity and specificity were lower than individual
value in patients with esophageal cancer. Over all
accuracy rate was better with CA19.9.

The diagnostic power of serum CEA and CA19-9 as
a screening test for esophageal squamous cell carcinoma
were assessed by ROC curve analysis.

In areceiver operating characteristic (ROC) curve, the
true positive rate (sensitivity) is plotted as a function of
the false positive rate (100% specificity) for different
threshold values. Each point on the ROC curve represents
a sensitivity/specificity pair corresponding to a particular
decision threshold. A test with perfect discrimination
(no overlap in the two distributions) has a ROC curve
passing through the upper left corner (100% sensitivity,
100% specificity). Therefore, a ROC curve that is closer to
the upper left corner indicates a higher overall accuracy of
the test.

Using ROC curve (Figure 1), the cut-off value for
serum CEA and CA19-9 in esophageal squamous cell
Carcinoma were found to be 2.9 2 ng/ml and 7.4 ng/ml

Serum CEA values were found to be above the cut-off
value of 2.92 ng/mL in 25 (50%) of the patients with
esophageal squamous cell carcinoma, whereas Serum CA
19-9 values were found to be above the cut-off value of
16.5 U/mL, in 42 (84%) of the patients with esophageal
squamous cell carcinoma.

Discussion

Esophageal cancer is one of the commonest malignancy

gastrointestinal malignancy other than CEA and CA19.9,
we attempted to find a meaningful correlation with these
serum markers in esophageal cancers mainly squamous
cell carcinoma. There are very limited number of studies of
serum markers in ESCC in the literature. There is one
study by Bagaria et al [11]., found that combination of
CEA and CA19-9 exhibits higher diagnostic efficiency
than individual tumor marker in esophageal and gastric
cancer.

The present study was done to determine clinical
value of individual and combined use of serum CEA and
CA 19.9 in esophageal squamous cell carcinoma.

CEA is a glycosylphosphatidylinositol-cell surface
anchored glycoprotein is currently classified under
the immunoglobulin super family and functions as an
intracellular adhesion molecule. Originally described
by Gold and Freedman in 1965, CEA has specialized
sialofucosylated glycoforms which act as functional colon
carcinoma L-selectin and E-selectin ligands, thereby
significantly affecting the metastatic dissemination of
colon carcinoma [12-13].

The CA19.9 antigen was first isolated by Koprowski et
al. in 1979 is a type of glycosphingolipid that is a specific
sialyzed derivative of the Lea blood group and shown as
Lexa [14].

The significance of serum CEA levels is well
established in colon cancer detection, determination of
stage and recurrence, and evaluation of cancer therapy
[15]. But the role of CEA in patients with esophageal
cancer and gastric cancer is still controversial [16].
A few studies have mentioned the beneficial role of CEA

Table 3. Sensitivity, Specificity, Negative and Positive Predictive Value and Likelihood Ratio of CEA

Statistic Value 95% Cl
Sensitivity 48.00% 33.66% to 62.58%
Specificity 94.44% 72.71% to 99.86%
Positive Likelihood Ratio 8.64 1.26 to 59.32
Negative Likelihood Ratio 0.55 0.41t0 0.74
Disease Prevalence (*) 73.53% 61.43% to 83.50%
Positive Predictive Value (*) 96.00% 77.76% to 99.40%
Negative Predictive Value (¥) 39.53% 32.88% t0 46.61%
Accuracy (*) 60.29% 47.70% to 71.97%
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Table 4. Sensitivity, Specificity, Negative and Positive Predictive Value and Likelihood Ratio of Ca19.9

Statistic Value 95% Cl1
Sensitivity 76.00% 61.83% to 86.94%
Specificity 72.22% 46.52% 10 90.31%
Positive Likelihood Ratio 2.74 1.28 t0 5.86
Negative Likelihood Ratio 0.33 0.19t0 0.59
Disease Prevalence (*) 73.53% 61.43% to 83.50%
Positive Predictive Value (*) 88.37% 78.02% to 94.21%
Negative Predictive Value (*) 52.00% 37.98% to 65.71%
Accuracy (*) 75.00% 63.02% to 84.71%

Table 5. Sensitivity, Specificity, Negative and Positive Predictive Value and Likelihood of Ratio CEA/CA19.9

Statistic Value 95% Cl
Sensitivity 52.00% 37.42% to 66.34%
Specificity 50.00% 26.02% t073.98%
Positive Likelihood Ratio 1.04 0.61 to 1.77
Negative Likelihood Ratio 0.96 0.56 to 1.66
Disease Prevalence (*) 73.53% 61.43% to 83.50%
Positive Predictive Value (*) 74.29% 62.89% to 83.12%
Negative Predictive Value (*) 27.27% 17.87% to 39.27%
Accuracy (*) 51.47% 39.03% to 63.78%

in determining the relapses and the follow up of the
responses to the treatment of the patients with gastric and
esophageal cancers [17].

Other than gastrointestinal malignancies, CA 19.9 is
found to be elevated in hepatico- pancreatic carcinoma,
ovarian mucinous carcinoma [18] and CEA is found
elevated in lung carcinoma, and breast carcinoma, as well
as those with medullary thyroid carcinoma [19].

The advantage of combined use of multiple tumor
markers is under debate for patients with gastrointestinal
tumors in the literature.

Our study also revealed that the mean serum CEA
and CA19.9 levels in patients with esophageal cancer
were higher than healthy subjects, however no statistical
significance was found between the two groups like in
most of the studies.

A receiver operating characteristic (ROC) curve was
analyzed to decide the cut-off point and to assess the
diagnostic accuracy of each tumor marker value for the
diagnosis of esophageal SCC.

In our study, using ROC curve (Figure 1), the cut-off
value for serum CEA and CA19-9 in esophageal squamous
cell Carcinoma were found to be 2.9 2 ng/ml and 7.4 ng/
ml. Our findings correlates with Tuncer et al. and Bargaria
et al for CEA but contradictary to CA19.9 levels.

We have found Serum CEA values above the cut-off
value of 2.92 ng/mL in 25 (50%) of the patients with
esophageal squamous cell carcinoma, whereas Serum CA
19-9 values were found to be above the cut-off value of
16.5 U/mL, in 42 (84%) of the patients with esophageal
squamous cell carcinoma. This corresponds to Tuncer et
al [20] findings, whereas Bargaria et al [11] found CEA
elevation in 38% and CA 19.9 in 18 % of esophageal SCC.

Gion et al [21] found that CA19-9 was positive in 13% of
esophageal cancers and CEA was positive in 27% of the
patients with esophageal cancers.

We have found CA19.9 has highest diagnostic
accuracy than CEA and CEA/CA19.9 ratio in contrast to
Bargeria et al [11] as they concluded combination serum
markers exhibits higher diagnostic efficiency than
individual tumor marker in esophageal SCC.

Tuncer et al [20] present study showed that CEA has
a higher positivity rate for esophageal squamous cell
carcinoma than CK-18 and CA19-9. The variation in the
finding is not yet explainable, may be requiring more
studies at genetic or epigenetic levels.

Our study revealed similar results as Patai et al [22]
reported that the combined use of CA19-9 and CEA
(ratio) could not increase the diagnostic sensitivity in
gastrointestinal cancers.

The varying results of different studies offer no
conclusions regarding diagnostic efficacy of routinely
used serum markers. But the clinical use of tumor markers
is much more beneficial in determination of prognosis,
assessing response to treatment and detection of early
recurrences [23].

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 [24].

Tokunaga et all7 found from their study that
preoperative serum CA19-9 is a useful prognostic
marker in patients with cardio-esophageal junction
adenocarcinoma and also mentioned that serum CEA and
CA 19.9 levels in all subjects with esophageal cancer is
important for detection of possible liver metastasis and
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pancreatic invasion. According to Munck-Wikland et al
[25], the appearance of distant metastases is associated
with increased CEA levels in esophageal cancer.

In conclusion, the results of our study indicated that
serum CA19.9 has a higher positivity than serum CEA
in esophageal cancer. The combined use of CA19-9
and CEA (ratio) could not increase the diagnostic
sensitivity in esophageal cancers in our study. Studies on
the utilization of these markers as predicting prognosis
rather than in early diagnosis should be considered.
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