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INTRODUCTION

Esophageal cancers are typically carcinomas which arise 
from the epithelium or surface lining, of the esophagus. 
Most esophageal cancers fall into one of the two classes: 
Squamous cell carcinoma (approximately 90–95% of all 
esophageal cancer worldwide) and adenocarcinoma 

Diagnostic sensitivity of serum carcinoembryonic 
antigen, carbohydrate antigen 19‑9, 
alpha‑fetoprotein, and beta‑human chorionic 
gonadotropin in esophageal carcinoma 
(receiver operating characteristic curve analysis)

(approximately 50–80% of all esophageal cancer in the 
United States). In Indian scenario, Esophageal Cancer is the 
second and fifth most common cancer in males and females, 
respectively.[1] Prevalence of squamous cell carcinoma is 
much higher (92.51%) than adenocarcinoma (7.35%).[2] As 
compared to USA high incidence of esophageal cancer were 
observed in Indian population. It was seen that incidence 
rates of 7.6 and 5.1 of esophageal cancer (in a population 
of 100,000 persons) of males and females were observed 
in India as compared to USA (4.9 and 1.4) for males and 
females, respectively. This can be attributed to the extensive 
use of tobacco by Indians in the form of Pan, Masala, Gutka, 
Zarda, etc.[3]

Squamous cell cancer arises from the cells that line the 
upper part of the esophagus they are similar to head 
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and neck cancer in their appearance and associated with 
tobacco and alcohol consumption. Adenocarcinoma arises 
from glandular cells that are present at the junction of the 
esophagus and stomach they are often associated with a 
history of gastroesophageal reflux disease and Barrett’s 
esophagus.[4] Most of the people diagnosed with esophageal 
cancer have late‑stage disease, because people usually do 
not have significant symptoms until half of the inside of the 
esophagus, called the lumen, is obstructed, by which point 
the tumor is fairly large. If the disease has spread elsewhere, 
this may lead to liver and lung metastasis. Advanced age, 
abnormal lung function, and poor performance status 
are reported to contribute to postoperative pulmonary 
complications.[5]

In general, the prognosis of esophageal cancer is quite poor 
because most patients are present with advanced disease. 
The underlying reasons for this disappointingly low 
survival rate are multifold: (a) Ineffective screening tools and 
guidelines (b) cancer detection at an advanced stage, with 
over 50% of patients with unresectable disease or distant 
metastasis at presentation (c) high risk for recurrent disease 
after esophagectomy or definitive chemoradiotherapy 
(d) unreliable noninvasive tools to measure complete 
response to chemoradiotherapy and (e) limited survival 
achieved with palliative chemotherapy alone for patients 
with metastatic or unresectable disease. Clearly, additional 
strategies are needed to detect esophageal cancer earlier and 
to improve our systemic treatment options.[6] In our study 
however, used as a research tool, it allowed us to evaluate 
the role of carcinoembryonic antigen (CEA), carbohydrate 
antigen 19‑9 (CA19‑9), alpha‑fetoprotein (AFP), beta‑human 
chorionic gonadotropin (β‑HCG) values in the detection of 
esophagus cancer.

A clear correlation was seen between the degree of tumor 
differentiation and CEA expression for carcinomas of the 
esophagus, stomach and colon, the potential usefulness 
of CEA for monitoring the recurrence of gastric or 
esophageal tumors was established. CEA is primarily 
used to monitor cancer treatment, including response to 
therapy and recurrence, as an indicator of the amount of 
cancer or size of tumor present (tumor burden) and to 
assist in determining prognosis, it is used occasionally 
when cancer is suspected but not confirmed to aid in 
its detection.[7] The immunohistological distribution 
of CA19‑9 in tissues is consistent with the quantitative 
determination of higher CA19‑9 concentrations in cancer 
than in normal or inflamed tissues. Research studies 
demonstrate that serum CA19‑9 values may have utility 
in monitoring subjects with gastrointestinal malignancies. 
The presence of CA19‑9 in tumors was reported to be 
related to tumor cell adhesion and tumor cell‑induced 
platelet aggregation.[8]

Alpha‑fetoprotein is considered as one of the several tumor 
markers, elevated levels in adults of which can be indicative 
of metastatic cancers of the liver. HCG is a glycoprotein 
synthesized by normal placenta and released by the 
trophoblastic cells and different neoplastic cells. HCG is 
associated with esophagus squamous cell carcinoma as well as 
the esophagus adenocarcinoma and to preneoplastic lesions. 
The characteristics of this tumor marker permit the monitoring 
and evaluation of the treatments observed.[9] Tumor cells 
that expressed β‑HCG often showed immunoreactivity for 
vascular endothelial growth factor (VEGF), and the two 
markers were often co‑localized in the same tumors, a positive 
link between β‑HCG and VEGF expression in Barrett’s 
adenocarcinoma of esophagus, were observed.[10]

We therefore aimed to evaluate the diagnostic sensitivity of 
serum CEA, CA19‑9, AFP, and β‑HCG in patients suffering 
from esophageal cancer and to find out which marker has 
the best diagnostic sensitivity in the initial diagnosis.

MATERIALS AND METHODS

Study subjects
This study was conducted in the Department of Biochemistry, 
in association with the Department of Radiotherapy and 
Oncology, SMS Medical College and attached Hospitals, 
Jaipur, India from July 1, 2011 to June 30, 2012 after obtaining 
approval from the Institutional Research Committee and 
written informed consent from the patients. The procedures 
followed were in accordance with the ethical standards 
of the responsible committee on human experimentation.

Totally, 50 clinically diagnosed patients with esophagus 
cancer participated in the study. 50 healthy accompanying 
subjects without a history of gastrointestinal disorders or 
endocrine illness, matched with the study group were used 
as controls. Patients and healthy subjects were screened 
with a specially designed screening proforma which 
encompassed the entire inclusion and exclusion criteria.

The diagnosis of cancer was done by the clinician viewing 
reports of biopsy, upper gastrointestinal radiography, fiber 
optic esophagoscopy, computed tomography, chest X‑ray, 
and ultrasonography.

Selection criteria
Experimental group
Inclusion criteria
Patients of both genders with biopsy‑proven esophagus 
cancer not received any therapy yet.

Exclusion criteria
Patients diagnosed long time back and previously treated 
with surgery, chemotherapy or radiotherapy, subjects 
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having history of any gastrointestinal, hepatic disorders, 
patients with significant physical illness, history of 
smoking, alcohol or any other substance abuse within 
the past 6 months, treatment with anti‑inflammatory or 
immunosuppressive medication, pregnancy or lactating 
females.

Control group
Healthy subjects those willing to participate in the study 
and able to understand the nature of the study.

Collection and analysis of blood samples
In a calm and comforting environment, the subjects were 
explained about the various aspect of the study helping 
them to understand the purpose of the study and the nature 
of the forthcoming procedures. Blood was collected in 
plain vial. Serum was separated from the clotted specimen 
by centrifugation and subjected for following estimations:

Tumor markers
• CEA
• CA19‑9
• AFP
• β‑HCG

Statistics
Data analysis
The data were analyzed using SPSS software version 10.0 
(SPSS Inc. USA) and MedCalc to estimate mean ± standard 
deviation (SD), the significance of the observed differences 
(P value), for calculating sensitivity and negative predictive 
value (NPV) at 100% specificity levels, and for plotting 
receiver operating characteristic (ROC) curves.

The diagnostic performance of a test or the accuracy of 
a test to discriminate diseased cases from normal cases 
was evaluated using ROC curve analysis. In ROC curve, 
the true positive rate (sensitivity) is plotted in function of 
the false positive rate (100‑specificity) for different cut‑off 
points. A test with perfect discrimination (no overlap in 
the two distributions) has a ROC curve that passes through 
the upper left corner (100% sensitivity, 100% specificity). 

Therefore the closer the ROC curve is to the upper left 
corner, the higher the overall accuracy of the test.[11] To 
demonstrate the accuracy, area under curve (AUC) were 
calculated. ROC analysis was done on 100% specificity 
level comparing the performance of single tumor markers 
in control subjects and patients of esophagus cancer. NPV 
was defined as a percentage of true‑negative assays among 
all negative assays.

RESULTS

Table 1a: Gives comparison of age, sex of healthy control 
subjects and esophagus cancer patients. In our study, 
maximum patients of esophagus cancer were below 
60 years. Males had higher prevalence than females.

Table 1b and c: Gives mean ± SD and P value of tumor 
markers in the control group and esophagus cancer group 
before therapy respectively. Mean serum value of CEA 
in esophagus cancer patients was significantly higher as 
compared to healthy control subjects. Mean serum value of 
CA19‑9 and AFP was “not” significantly higher as compared 
to healthy control subjects. Mean serum value of β‑HCG was 
significantly higher, as compared to healthy control subjects.

Table 2: Gives clinicopathologic characteristics (squamous 
cell carcinoma and adenocarcinoma) of Esophagus cancer 
patients.

Figures 1‑4 gives sensitivity, AUC, standard error (SE), 95% 
confidence interval (CI), and significance level P of CEA, 
CA19‑9, AFP, and β‑HCG in esophagus cancer.

Table 1a: Comparison of age, sex of healthy control 
subjects and esophagus cancer patients

Variable Control Esophagus cancer χ2 (df) P

Age
<60 41 39 0.250 (1) 0.617
≥60 9 11

Sex
Male 25 28 0.361 (1) 0.548
Female 25 22

Table 1b: Mean±SD value of tumor markers in the control group and esophagus cancer group

Group CEA CA19‑9 AFP β‑HCG

Control group 2.23±0.82 (0.96‑3.34) 17.18±8.49 (6.071‑34.85) 2.12±1.02 (0.83‑4.90) 2.35±1.48 (0.78‑5.29)
Esophagus cancer 5.57±5.98 (1.11‑28.70) 21.70±13.73 (7.17‑71.27) 2.90±2.89 (1.23‑16.85) 4.99±7.13 (1.01‑31.57)
CEA:	Carcinoembryonic	antigen,	CA19‑9:	Carbohydrate	antigen	19‑9,	AFP:	Alpha‑fetoprotein,	β‑HCG:	Beta‑human	chorionic	gonadotropin,	SD:	Standard	deviation

Table 1c: P value of tumor markers in control group versus esophagus cancer group

Group CEA CA19‑9 AFP β‑HCG

Cancer versus control t P t P t P t P

Esophagus cancer versus control 3.911 0.00 1.980 0.05 1.781 0.07 2.562 0.01
CEA:	Carcinoembryonic	antigen,	CA19‑9:	Carbohydrate	antigen	19‑9,	AFP:	Alpha	fetoprotein,	β‑HCG:	Beta‑Human	chorionic	gonadotropin
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DISCUSSION

Sensitivity of CEA detected in esophagus cancer was 38%, 
NPV = 61.72%, AUC 0.742 (SE = 0.05), 95% CI (0.64–0.82) 
and significance level P < 0.0001 [Figure 1]. CEA sensitivity 
detected in esophagus cancer in our study was higher than 

previous studies done by Mao et al., and Schneider et al., they 
reported CEA sensitivity of 29.1% and 24%, respectively.[12,13] 
Our results were inconsistent with Choudhary et al., they 
reported sensitivity of CEA 41.6% in esophagus cancer.[14] 
Kim et al., evaluated an elevated serum CEA level enabled 
early detection of relapse in the absence of clinical symptoms 
in patients with adenocarcinoma of the esophagus or the 
stomach.[15] The level of CEA was useful in monitoring the 
response to chemotherapy in patients who had a high CEA 
level before treatment.

This oncofetal antigen is a glycoprotein with a molecular 
weight of 200,000 kDa located on the luminal surface 
of the tumor cell membrane of endodermal as well as 
nonendodermal origin. In well‑differentiated cancer cells, 
CEA is expressed on the cell membrane, whereas in poorly 
differentiated cancer cells, CEA is distributed over the entire 
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Figure 1: Carcinoembryonic antigen (CEA) in esophagus cancer. Sensitivity of 
CEA detected in esophagus cancer was 38%, negative predictive value = 61.72%, 
area	 under	 curve	 0.742	 (standard	 error	 =	 0.05),	 95%	 confidence	 interval	
(0.64–0.82),	and	significance	level	P < 0.0001
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Figure 2: Carbohydrate antigen 19-9 (CA19-9) in esophagus cancer. Sensitivity of 
CA19-9 in esophagus cancer was 18%, negative predictive value = 54.94%, area 
under	curve	0.573	(standard	error	=	0.05),	95%	confidence	interval	(0.47–0.67),	
and	significance	level	P = 0.2054
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Figure 3: Alpha-fetoprotein (AFP) in esophagus cancer. Sensitivity of AFP 
detected in esophagus cancer was 10%, negative predictive value = 52.63%, area 
under	curve	0.540	(standard	error	=	0.05),	95%	confidence	interval	(0.43–0.64),	
and	significance	level	P = 0.4925

0 20 40 60 80 100
0

20

40

60

80

100

100-Specificity

S
en

si
tiv

ity

Figure 4:	Beta‑human	chorionic	gonadotropin	(β‑HCG)	in	esophagus	cancer.	
Sensitivity	 of	 β‑HCG	 in	 esophagus	 cancer	 was	 26%,	 negative	 predictive	
value	=	57.47%,	area	under	curve	0.595	(standard	error	=0.05),	95%	confidence	
interval	(0.49–0.69),	and	significance	level	P = 0.0975

Table 2: Clinicopathologic characteristics of esophagus 
cancer patients

Clinicopathologic characteristics Esophagus cancer

Histopathology squamous cell carcinoma 44
Well differentiated 9
Moderately differentiated 29
Poorly differentiated 6

Adenocarcinoma 6
Well differentiated 1
Moderately differentiated 4
Poorly differentiated 1
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cell surface and within the cytoplasm. CEA modulates 
intercellular adhesion and is involved in epithelial cell 
interactions with collagen. When free in circulation, CEA 
acts as an aggregant which facilitates entrapment of 
circulating tumor cells within the microvasculature of the 
liver. Tumors which produce CEA have a higher rate of 
metastatic implantation within the liver, as opposed to other 
sites. Due to its structural similarity to Igs CEA has been 
found to inhibit T‑B cell cooperation, induce suppressor 
T‑cell activity and inhibit natural killer cell cytolysis. For all 
these reasons, an elevated serum CEA level, while reflecting 
a poor prognosis on the basis of an increased tumor load 
may also be directly contributing to tumor metastatic 
potential.[16]

Sensitivity of CA19‑9 in esophagus cancer was 18%, 
NPV = 54.94%, AUC 0.573 (SE = 0.05), 95% CI (0.47–0.67) and 
significance level P = 0.2054 [Figure 2]. CA19‑9 sensitivity 
reported in our study was contradictory to results of 
Mealy et al., they reported CA19‑9 sensitivity of 34% in 
esophagus cancer patients. Our results were inconsistent 
with results obtained in cancer research, 2011.[17,18] CA19‑9 
is a ganglioside‑containing sialylated lacto‑N‑fucopentaose 
II structurally related to Lewis‑a blood group substance. It 
binds to endothelial cell surface receptors E‑selectin and 
P‑selectin activated by some cytokine which supports the 
idea that CA19‑9 may actually play a role in adhesion of 
cancer cells to endothelial cells, resulting in hematogenous 
metastasis.[19] Very small amounts of CA19‑9 may be found 
in healthy patients, making it useful as a tumor marker to 
follow the course of cancer.[20] Atila Turkyilmaz et al., found a 
significant relationship between CA19‑9 levels in esophagus 
cancer patients with liver metastasis and the pancreatic 
invasion. CA19‑9 levels were significantly higher in patients 
with the pancreatic invasion compared to patients without 
the pancreatic invasion. There was a significant difference 
in CA19‑9 levels between the group with liver metastasis 
and the group with the pancreatic invasion.[21]

Sensitivity of AFP detected in esophagus cancer was 10%, 
NPV = 52.63%, AUC 0.540 (SE = 0.05), 95% CI (0.43–0.64), 
and significance level P = 0.4925 [Figure 3]. AFP sensitivity 
detected in esophagus cancer in our study was very low 
which means having no utility in the initial diagnosis. 
Chiba et al., evaluated increasing number of AFP producing 
carcinomas of the gastrointestinal tract in recent years. Most 
are gastric adenocarcinomas, whereas esophageal tumors 
are relatively few. Primary hepatoid adenocarcinomas 
are a subtype of AFP‑producing adenocarcinoma, which 
can be seen in a pure form or association with ordinary 
adenocarcinoma in the upper gastrointestinal tract.[22,23] 
Shimakawa et al., described a case of an AFP‑producing 
esophageal adenocarcinoma with a number of metastatic 
liver deposits, suggesting the tumor is highly metastatic to 

the liver, interestingly two out of the four cases, reported 
by Inoue et al., and Shimakawa et al., were derived from 
Barrett’s epithelium.[24,25]

Sensitivity of β‑HCG in esophagus cancer was 26%, 
NPV = 57.47%, AUC 0.595 (SE = 0.05), 95% CI (0.49–0.69) and 
significance level P = 0.0975 [Figure 4]. β‑HCG sensitivity 
detected in esophagus cancer was similar to results of 
Couvelard et al., they studied that β‑HCG was expressed 
in several nontrophoblastic tumors, and this was usually 
associated with aggressive behavior. A statistical link 
between β‑HCG expression and infiltrative tumor type, 
perineural neoplastic invasion and VEGF protein expression 
was studied, β‑HCG expression tended to be associated 
with a poor outcome. Both molecules play a co‑ordinated 
role in the development of Barrett’s adenocarcinomas of 
esophagus.[10]

William Regelson gave the concept that β‑HCG gene 
expression was mediated by patterns of methylation. 
In vitro, HCG’s presence can stimulate tumor cell growth. 
In addition, it was found that epidermal growth factor can 
stimulate cytotrophoblast invasion and HCG synthesis 
in choriocarcinoma cells. Placentation, differentiation, 
development, and malignant transformation apparently 
occurred under the same genetic and biochemical pathways, 
there was ample evidence that part of its role was the same 
as that of HCG in the trophoblast and fetoplacental unit, 
that is, to make a cell immunologically inert.[26] Louhimo 
et al., observed elevated levels of β‑HCG in gastrointestinal 
malignancies and found it may be a useful tumor marker 
for gastrointestinal cancers.[27]

Combined AFP and β‑HCG testing is an essential adjunct 
in the evaluation and treatment of nonseminomatous 
germ cell tumors, and in monitoring the response to 
therapy. AFP and β‑HCG may also be useful in evaluating 
potential origins of poorly differentiated metastatic 
cancer. Normalization of tumor marker values may 
indicate cure despite radiographic evidence of persistent 
disease. However, a consistent increase in tumor marker 
levels, coupled with the lack of clinical improvement, 
may indicate treatment failure and usually indicates 
persistent disease. Following tumor marker response is 
particularly useful when other evidence of disease is not 
readily accessible.[28]

CONCLUSION

Researches done previously indicated recurrent cancer may 
be detected earliest if both frequent clinical examination and 
serial tumor markers tests are utilized. In our study, CEA 
had the highest sensitivity followed by β‑HCG, CA19‑9, 
and AFP in detection of esophageal carcinoma.
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These markers may be useful as a first‑line surveillance 
investigation in patients using temporal trends in conjunction 
with clinical, radiological, and/or histological confirmation 
allowing more appropriate selection of initial treatment.
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