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ABSTRACT
Background

Since the first introduction of tumour markers,
their usefulness for diagnosis has been a chal-
lenging question. The aim of the present prospec-
tive study was to investigate, in colorectal cancer
patients, the relationship between preoperative
tumour marker concentrations and various clini-
cal variables.

Methods

The study prospectively enrolled 131 consecutive
patients with a confirmed diagnosis of colorectal
carcinoma and 131 age- and sex-matched control
subjects with no malignancy. The relationships
of the tumour markers carcinoembryonic antigen
(cea) and carbohydrate antigen (ca) 19-9 with dis-
ease stage, tumour differentiation (grade), mucus
production, liver function tests, T stage, N stage,
M stage were investigated.

Results

Serum concentrations of cEA were significantly
higher in the patient group than in the control group
(p = 0.001); they were also significantly higher in
stage 11 (p = 0.018) and 1v disease (p = 0.001) than
in stage 1. Serum concentrations of CEA were signifi-
cantly elevated in the presence of spread to lymph
nodes (p = 0.005) in the patient group. Levels of both
tumour markers were significantly elevated in the
presence of distant metastasis in the patient group
(p = 0.005 for cea; p = 0.004 for ca 19-9).

Conclusions
Preoperative levels of cea and ca 19-9 might provide

an estimate of lymph node invasion and distant me-
tastasis in colorectal cancer patients.
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1. INTRODUCTION

Colorectal cancer is a relatively common malignancy
in developed countries. Adequate preoperative stag-
ing is important to the management of colorectal
cancer patients so that a treatment plan that mini-
mizes the risk after diagnosis can be devised. After
completion of treatment, the patient also has to be
monitored for development of recurrent cancer or of
anew primary!.

Tumour markers are biologic or biochemical sub-
stances that are produced by tumour cells and then
secreted into the circulation in detectable amounts.
Antigens produced by the body in response to tumour
growth or growth markers produced by the tumour
itself can both play important roles as detectable
markers used for screening and staging?. The first
tumour markers were described in19653. Most tu-
mour markers are greatly limited for screening the
asymptomatic population, being neither sensitive
enough nor specific enough to detect early disease,
small tumours, or the type of tumour present®.

Carcinoembryonic antigen (CEA), an oncofetal
glycoprotein, is expressed in normal mucosal cells
and overexpressed in adenocarcinoma, especially
colorectal cancer’. The sensitivity of cEa in colorec-
tal cancer increases with advancing tumour stage.
Serum concentrations of CEA are elevated in 50% of
patients with tumour extension to the lymph nodes
and in 75% of patients with distant metastasis®. Se-
rum CEA can be used to establish prognosis. A higher
preoperative serum ceA might predict a shorter post-
operative disease-free period, and the suggestion is
that poor prognosis begins at a preoperative cEA of
3.5 ng/mL’. Elevation in cEa also occurs in benign
conditions such as smoking, peptic ulcer, inflamma-
tory bowel disease, pancreatitis, hypothyroidism,
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biliary obstruction, and cirrhosis. Levels exceeding
10 ng/mL are rarely a result of benign disease®.

The carbohydrate antigen (ca) 19-9 test measures
a carbohydrate determinant of a circulating antigen®.
Elevated serum ca 19-9 has been found in patients
with various gastrointestinal malignancies, especial-
ly pancreatic cancer®!?. Carbohydrate antigen 19-9
might be helpful in the management of colorectal
carcinoma!!'. Benign conditions such as cirrhosis,
cholestasis, cholangitis, and pancreatitis also result
in ca 19-9 elevations; in those conditions, serum
concentrations are usually less than 1000 U/mL!2.

Since the first introduction of tumour markers,
their usefulness for diagnosis has been a challenging
question. Because the use of tumour markers as a diag-
nostic tool is not recommended, we have, since 2006,
been routinely using preoperative cea and ca 19-9
measurements in the management of colorectal cancer
patients to obtain more clues about spread of the dis-
ease. In the present prospective study, we investigated,
in colorectal cancer patients, the relationship between
serum concentrations of preoperative tumour markers
and various clinical variables.

2. METHODS

Our study was approved by the local ethics com-
mittee, and written informed consent was obtained
from all subjects.

Between April 2007 and December 2010, the
study prospectively enrolled 131 consecutive patients
with a confirmed diagnosis of colorectal carcinoma
and 131 age- and sex-matched control subjects with
no malignancy. The subjects in the control group were
selected from the group of patients who had undergone
colonoscopy for various reasons and who had no ma-
lign or premalignant findings. Exclusion criteria were
an operative history of any malignancy, having any
malignancy except colorectal cancer, being a smoker,
and having pancreatitis. Mean age of the patients (70
men, 61 women) was 61 years (range: 30—83 years).
Distribution in the control group was the same because
of the age- and sex-matching selection criteria.

In our departments, the routine preoperative
evaluation protocol consisted of clinical examina-
tion, colonoscopy, abdominal computed tomography,
chest radiography, and determination of serum cea
and ca 19-9, but we evaluated only preoperative
tumour marker concentrations in relation to various
colorectal cancer variables. Of the 131 patients, 36
had an incomplete colonoscopy because of malign
obstruction or stricture preventing passage into the
proximal segments. Incomplete colonoscopy did not
affect the patient population or results, because the
cancer diagnosis had been confirmed in all patients
by histopathology. Blood samples were obtained 1
week before surgery in the patient group. Serum CEA
and ca 19-9 were determined using enzymatic im-
munoassay kits (Diagnostic Products Corporation,

Los Angeles, CA, U.S.A.), with the upper limit of
normal defined as 5 ng/mL for cea and 38 U/mL for
cA 19-9 according to the manufacturer’s instructions.

The relationships of the tumour markers cea and
ca 19-9 with disease stage (colorectal cancer stag-
ing per the American Joint Committee on Cancer),
tumour differentiation (grade), mucus production,
liver function tests, T stage, N stage, and M stage
were investigated.

The IBM SPSS Statistics software (version
20: IBM, Armonk, NY, U.S.A.) was used for data
analysis. All values are expressed as medians with
minimum—maximum ranges. After homogeneity
testing, nonparametric tests (Mann—Whitney and
Kruskal-Wallis) were used to evaluate relation-
ships, with p < 0.05 being accepted as the level of
significance. Receiver operating characteristic (ROC)
curves were constructed to determine the sensitivity
and specificity of serum ceEa and ca 19-9 at several
cut-off points for various clinical parameters.

3. RESULTS

Serum ca 19-9 was not significantly different in the
control and patient groups; however, serum CEA was
significantly higher in the patient group than in the
control group (p = 0.001). Serum ca 19-9 was not
significantly different by disease stage. When we
examined serum ceA by disease stage, levels were
significantly higher in stages 1 (p = 0.018) and 1v
(p = 0.001) than in stage 1. Figure 1 summarizes the
tumour marker concentrations in the patient group.

Serum cea and ca 19-9 showed no significant
differences with respect to tumour grade, mucus
production, abnormal liver function tests, or
T stage (p > 0.05). Table 1 summarizes the results
for those variables.

Elevation in serum CeEaA was significantly associ-
ated with spread to lymph nodes (N stage: p =0.005)
in the patient group (Figure 1). Serum ca 19-9 had no
significant relationship with lymph node status (p >
0.05). Levels of both tumour markers were signifi-
cantly elevated in the presence of distant metastasis
(M1) in the patient group (p = 0.005 for cea, p =0.004
for ca 19-9, Figure 1).

The roc curve analysis for cea in colorectal
cancer patients at all stages showed 51.9% sensitivity
at 90% specificity for a cut-off level of 2.41 ng/mL
[Figure 2(A)]. The sensitivity of ceEa was 38.1% for
stage 1 disease, 36.8% for stage 11, 57.1% for stage 11,
and 78.3% for stage 1v.

In the presence of lymph node metastasis in
the patient group, serum ciEA had 28.4% sensitivity
at 90% specificity for a cut-off level of 7.67 ng/mL
[Figure 2(B)]. The roc curve analysis of cEa and
cA 19-9 in the presence of distant metastasis in the
patient group showed 30.4% and 34.8% sensitivity
respectively at 90% specificity [Figure 2(C,D)]. At
90% specificity, the cut-off values of cEa and ca 19-9
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FIGURE 1 Levels of carcinoembryonic antigen (CE4) and carbohydrate antigen (c4) 19-9 according to tumour stage, lymphatic spread
(N stage), and distant metastasis (M stage) in the patient cohort. Circles mark outlier subjects, and stars mark far outliers.

TABLE 1

Summary of carcinoembryonic antigen (CEA) and carbo-

hydrate antigen (ca) 19-9 levels by tumour grade, T stage, mucus
production, and liver function

Variable Pts Antigen level
(m) [median (minimum—maximum)]®
CE4 (ng/mL) c4 19-9 (U/ml)
Grade
1 5 1.29 (0.77-2.04) 17 (5.58-18)
2 110 2.73 (0.12-461) 13.74 (0.36-500)
3 16 2.74(0.1-566.23) 24.7 (0.5-2046)
T stage
1 3 0.77 (0.73-1.5)  17.8 (0.36-18)
2 27 1.99 (0.12-76.8) 9.7 (0.8-235.5)
3 86 3.04 (0.1-200)  16.38 (0.5-316)
4 15 3.5(0.91-566.23) 20.51 (6.2-2046)
Mucus production
Yes 19  4.83(0.1-533.23) 13.7 (0.5-2046)
No 112 2.36 (0.12-200) 16.33 (0.36-316)
Liver function
Normal 123 2.42 (0.1-566.23) 14.53 (0.36-2046)
Abnormal 8 5.18 (0.91-461)  32.4 (0.8-500)
2 p>0.05.

Pts = patients.

were set at 10.75 ng/mL and 60 U/mL respectively
for the presence of distant metastasis. Table 11 sum-
marizes the performance analysis of tumour markers
for control subjects compared with patients.

4. DISCUSSION

It remains unclear whether monitoring tumour mark-
ers has any clinical benefit in the management of
colorectal cancer patients!3. Serum cEa is not recom-
mended as a screening test, but it might be ordered
preoperatively if it can assist in staging and in plan-
ning treatment strategies. Elevated serum cea (>5 ng/
mL) suggests that the patient has a poor prognosis!'4;
however, data are insufficient to support the use of
CEA to determine whether to treat the patient with
adjuvant therapy'>. We have been using preopera-
tive cEA and ca 19-9 measurements routinely in the
management of colorectal cancer patients to obtain
more clues about spread of the disease. We therefore
aimed to evaluate the feasibility of using preopera-
tive levels of these tumour markers to estimate either
local or distant spread of disease.

Previous reports showed a significant association
between elevated serum ca 19-9 and poor prognosis
related to disease stage in the preoperative setting.
The association of ca 19-9 with prognosis was found
to be better than that of cea!®~!%, In contrast, other
publications have reported that the use of ca 19-9 is
limited. The antigen was found to have no value in
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FIGURE 2 (4) Receiver operating characteristic (Roc) curve for carcinoembryonic antigen (CE4) in patients and controls [area under the
curve (auc): 0.773; p = 0.001]. (B) roC curve for Ce4 in patient groups with spread to lymph nodes (4uc: 0.666; p = 0.005). (C) roc curve for
CEA in patient groups with distant metastasis (avc: 0.686; p = 0.005). (D) roc curve for carbohydrate antigen (c4) 19-9 in patient groups
with distant metastasis (avc: 0.691; p = 0.004). Diagonal segments are produced by ties.

screening because its positive predictive value was
less than 1%'%!°. In our study, ca 19-9 did not sig-
nificantly differ between the control group and the
patient group; however, serum ceA was significantly
higher in the patient group than in the control group
(p = 0.001). Those results suggest that elevated lev-
els of cEa might signal a need for more complicated
diagnostic interventions during preoperative staging.

Serum cea was significantly higher in stage
(p = 0.018) and 1v (p = 0.001) than in stage 1 dis-
ease, a result that accords with findings in previ-
ous reports. Elevated serum cEea predicted a more
advanced stage in earlier reports?%2!, Some studies
have also demonstrated that serum cga has signifi-
cant prognostic value in some stages!42%22,

In the patient group, serum cgea and ca 19-9 were
not significantly different by T stage (p > 0.05), but
serum CEA was significantly elevated with spread to

lymph nodes (N stage: p = 0.005). Serum ca 19-9
was not significantly associated with lymph node
status (p > 0.05). An earlier study had suggested
that preoperative serum ceAa might be correlated with
survival only in patients with stage i1 tumours, and
not in those with stage 1 or 1 disease?’. The same
study also reported that N stage but not T stage was
correlated with serum cEA.

As in previous reports, our results concerning the
relations of preoperative tumour marker levels with
T and N stage suggest that a preoperative increase
in the serum concentrations of these biomarkers
might be a clue to lymphatic invasion. If the results
of preoperative imaging studies are negative for
lymphatic invasion, but elevated serum concentra-
tions of tumour markers are present in a colorectal
cancer patient, the physician might want to manage
the patient as suspected for lymphatic invasion.
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TABLE I Analysis of carcinoembryonic antigen (CEA) and carbo-
hydrate antigen (ca) 19-9 as tumour markers in control subjects
compared with patients, at 90% specificity

Marker Value [median Cut-off Sensitivity
(minimum—maximumy)] (%)
Control Patients
subjects
CEA (ng/mL) 1.12 2.6 2.41 51.9
(0.03-5.43)  (0.1-566.23)
cA 19-9 (U/mL) 12.91 15.3 32.14 25.2

(0.17-429.58) (0.36-2046)

Several studies showed that more ceA per gram
of total protein was produced by well-differentiated
colorectal cancers than by poorly differentiated
specimens®*2. Serum cea has also been reported
to trend higher in patients with well-differentiated
tumours than in those with poorly differentiated tu-
mours?®. A review by Duffy?’ suggested that a lack
of differentiation or poor differentiation may explain
why some patients with advanced colorectal cancer
don’t show increased serum concentrations of CEA.
On the other hand, our results showed that serum
concentrations of tumour markers were not signifi-
cantly different by tumour grade (p > 0.05). Those
results have to be confirmed in molecular studies
targeting the mechanisms of tumour marker produc-
tion. Patients with aneuploid colorectal cancers have
been shown to have higher serum concentrations of
CEA than are seen in patients with tumours having a
near diploid pattern?®.

Benign liver disease can impair liver function
and, thus, clearance of cEA, potentially resulting in
increased serum CEA in colorectal cancer patients
with non-malignant liver disease?®. In contrast, our
results showed no significant relation between serum
concentrations of tumour markers and liver function
in our patient group.

Levy et al.’° also stated that cea and ca 19-9
are statistically significantly different in early and
metastatic colorectal cancer. The gene encoding cea
is classified as a member of the immunoglobulin
supergene family, which includes intercellular ad-
hesion molecule 1. The structural similarity of cEa
to intercellular adhesion molecule 1 might alter cell
adhesion, which might in turn have a role in cancer
invasion and metastasis. Thus, cEa might play a
role in the metastatic process®' 4. Evidence for the
role of CEA in cancer dissemination was revealed in
a study by Hostetter et al.?®>, who showed that the
rate of liver metastasis in mice transplanted with
colorectal tumours increased to 48% from 2% after
CEA injection. In our study, serum cea and ca 19-9
were found to be significantly elevated in the pres-
ence of distant metastasis, confirming that earlier

report. In previous studies, elevated serum ca 19-9
was found to be related to distant metastasis>® and
elevated serum cea and ca 19-9 were both found to
be related to poor prognosis3’.

Previous reports showed different overall rates
of positivity for tumour markers. In a review that
used an upper limit of normal of 2.5 ng/mL for cEa,
a sensitivity of 36% and a specificity of 87% was
reported in screening for Dukes A and B colorectal
cancer; a more recent study using cut-off values of
3.56 ng/mL for serum cea and 28 U/mL for ca 19-9
in a limited patient population revealed sensitivities
of 56.2% and 36.4% and specificities of 100% and
88.9% respectively for those markers®27-38,

Our roc curve analysis for cEa in the diagnosis
of colorectal cancer patients at all disease stages had
51.9% sensitivity at 90% specificity for a cut-off level
of 2.41 ng/mL. We also found that the sensitivity of
cea was 38.1% for stage 1 disease, 36.8% for stage 11,
57.1% for stage 111, and 78.3% for stage 1v. Wild et al.>°
reported that the sensitivity of serum cea increased
to 88.2% from 13.2% with increasing disease stage
(1 to 1v respectively). In the same study, the authors
noted that, at all disease stages, CEA had a sensitivity
of 43.9% at a specificity of 95% for a cut-off level of
4.8 ng/mL. In our patients with a diagnosis of lymph
node metastasis, serum CeEA had a 28.4% sensitivity
at 90% specificity using a cut-off level of 7.67 ng/
mL. The roc curve analysis of cEa and ca 19-9 in
the presence of distant metastasis in the patient
group showed sensitivities of 30.4% and 34.8%
respectively at 90% specificity. At 90% specificity,
cut-off values of serum cea and ca 19-9 were set at
10.75 ng/mL and 60 U/mL respectively for the pres-
ence of distant metastasis. Table 11 summarizes our
tumour marker performance analysis in the control
and patient groups.

5. CONCLUSIONS

Given that colorectal cancer is a common cause of
death worldwide, an effort either to achieve early
diagnosis or to identify patients with poor prognosis
in the preoperative period is needed to support pa-
tient management. Despite the significant difference
found between the patient and control groups in the
present study (p =0.001), tumour markers are known
not to be feasible in population screening, and our
results confirmed that understanding, given the low
sensitivity of the markers studied. The main goal in
the preoperative management of colorectal cancer
patients, after localization of the primary tumour, is
to determine lymph node invasion and distant metas-
tasis. In the present study, we found that preoperative
serum CeA and ca 19-9 might suggest when lymph
node invasion and distant metastasis are present. We
therefore recommend routine preoperative tests to
evaluate especially serum cEa in colorectal cancer.
Further studies into the molecular basis of tumour

CURRENT ONCOLOGY—VOLUME 21, NUMBER 1, FEBRUARY 2014

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



POLAT et al.

biology might contribute the current understanding
of the nature of these tumours and tumour markers.

6. ACKNOWLEDGMENTS

This study was presented as a poster at the 18th Na-
tional Surgical Congress; [zmir, Turkey; May 23-27,
2012; and as an oral presentation at the Annual Meet-
ing of the European Society of Surgery; Istanbul,
Turkey; November 2224, 2012.

7. CONFLICT OF INTEREST DISCLOSURES

The authors have no financial conflicts of interest
to declare.

8. REFERENCES

1. Longo WE, Johnson FE. The preoperative assessment and
postoperative surveillance of patients with colon and rectal
cancer. Surg Clin North Am 2002;82:1091-108.

2. Pamies RJ, Crawford DR. Tumor markers. An update. Med
Clin North Am 1996;80:185-99.

3. Gold P, Freedman SO. Demonstration of tumor-specific anti-
gens in human colonic carcinomata by immunological toler-
ance and absorption techniques. J Exp Med 1965;121:439—62.

4. Aziz KJ, Maxim PE. The Fpa’s perspective on the evaluation
of tumor marker tests. Clin Chem 1993;39:2439—-43.

5. Perkins GL, Slater ED, Sanders GK, Prichard JG. Serum tumor
markers. Am Fam Physician 2003;68:1075-82.

6. Clinical practice guidelines for the use of tumor markers in
breast and colorectal cancer. Adopted on May 17, 1996by
the American Society of Clinical Oncology. J Clin Oncol
1996;14:2843-77.

7. Kobayashi T, Kawakubo T. Prospective investigation of tumor
markers and risk assessment in early cancer screening. Cancer
1994;73:1946-53.

8. Fletcher RH. Carcinoembryonic antigen. Ann Intern Med
1986;104:66-73.

9. Del Villano BC, Brennan S, Brock P, et al. Radioimmuno-
metric assay for a monoclonal antibody-defined tumor marker,
cA 19-9. Clin Chem 1983;29:549-52.

10. Koprowski H, Herlyn M, Steplewski Z, Sears HF. Specific
antigen in serum of patients with colon carcinoma. Science
1981;212:53-5.

11. Sears HF, Herlyn M, Del Villano B, Steplewski Z, Koprowski
H. Monoclonal antibody detection of a circulating tumor-
associated antigen. 1. A longitudinal evaluation of patients
with colorectal cancer. J Clin Immunol 1982;2:141-9.

12. Steinberg W. The clinical utility of the ca 19-9 tumor-associ-
ated antigen. Am J Gastroenterol 1990;85:350-5.

13. Morita S, Nomura T, Fukushima Y, Morimoto T, Hiraoka N,
Shibata N. Does serum ca 19-9 play a practical role in the
management of patients with colorectal cancer? Dis Colon
Rectum 2004;47:227-32.

14. Harrison LE, Guillem JG, Paty P, Cohen AM. Preoperative
carcinoembryonic antigen predicts outcomes in node-negative
colon cancer patients: a multivariate analysis of 572 patients.
J Am Coll Surg 1997;185:55-9.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

CURRENT ONCOLOGY—VOLUME 21, NuMBER 1, FEBRUARY 2014

Bast RC Jr, Ravdin P, Hayes DF, ef al. 2000 Update of
recommendations for the use of tumor markers in breast
and colorectal cancer: clinical practice guidelines of the
American Society of Clinical Oncology. J Clin Oncol
2001;19:1865-78.

Filella X, Molina R, Grau JJ, et al. Prognostic value of ca 19.9
levels in colorectal cancer. Ann Surg 1992;216:55-9.

Reiter W, Stieber P, Reuter C, Nagel D, Lau—Werner U,
Lamerz R. Multivariate analysis of the prognostic value of
cEA and ca 19-9 serum levels in colorectal cancer. Anticancer
Res 2000;20:5195-8.

Diez M, Torres A, Pollan M, et al. Prognostic significance of
serum cA 125 antigen assay in patients with non-small cell
lung cancer. Cancer 1994;73:1368-76.

Kim HJ, Kim MH, Myung SJ, ef al. A new strategy for the
application of ca 19-9 in the differentiation of pancreatico-
biliary cancer: analysis using a receiver operating charac-
teristic curve. Am J Gastroenterol 1999;94:1941-6.
Nakagoe T, Sawai T, Ayabe H, et al. Prognostic value of
carcinoembryonic antigen (CEA) in tumor tissue of patients
with colorectal cancer. Anticancer Res 2001;21:3031-6.
Kirat HT, Ozturk E, Lavery IC, Kiran RP. The predictive
value of preoperative carcinoembryonic antigen level in the
prognosis of colon cancer. Am J Surg 2012;204:447-52.
Moertel CG, O’Fallon JR, Go VL, O’Connell MJ, Thynne
GS. The preoperative carcinoembryonic antigen test in the
diagnosis, staging, and prognosis of colorectal cancer. Can-
cer 1986;58:603—-10.

Park 1J, Kim HC, Yu CS, Yoo JH, Kim JC. Cut off values
of preoperative s-cea levels for predicting survivals after
curative resection of colorectal cancer. J Korean Med Sci
2005;20:624-7.

Bhatnagar J, Tewari HB, Bhatnagar M, Austin GE. Com-
parison of carcinoembryonic antigen in tissue and serum
with grade and stage of colon cancer. Anticancer Res
1999;19:2181-7.

Rieger A, Wahren B. cea levels at recurrence and metasta-
ses; importance for detecting secondary disease. Scand J
Gastroenterol 1975;10:869-74.

Goslin R, O’Brien MJ, Steele G, ef al. Correlation of plasma
CEA and CEA tissue staining in poorly differentiated colorectal
cancer. Am J Med 1981;71:246-53.

Duffy MJ. Carcinoembryonic antigen as a marker for colorec-
tal cancer: is it clinically useful? Clin Chem 2001;47:624-30.
Rognum TO. A new approach in carcinoembryonic antigen-
guided follow-up of large-bowel carcinoma patients. Scand
J Gastroenterol 1986;21:641-9.

Begent RH. The value of carcinoembryonic antigen measure-
ment in clinical practice. Ann Clin Biochem 1984;21:231-8.
Levy M, Visokai V, Lipska L, Topolcan O. Tumor markers in
staging and prognosis of colorectal carcinoma. Neoplasma
2008;55:138—-42.

Jessup JM, Thomas P. Carcinoembryonic antigen: function
in metastasis by human colorectal carcinoma. Cancer Me-
tastasis Rev 1989;8:263—80.

Thomas P, Toth CA, Saini KS, Jessup JM, Steele G Jr.
The structure, metabolism and function of the carcino-
embryonic antigen gene family. Biochim Biophys Acta
1990;1032:177-89.

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



33.

34.

35.

36.

37.

38.

TUMOUR MARKERS IN COLORECTAL CANCER

Thompson JA, Grunert F, Zimmermann W. Carcinoembry-
onic antigen gene family: molecular biology and clinical
perspectives. J Clin Lab Anal 1991;5:344—66.
Hammarstrom S. The carcinoembryonic antigen (CEA) family:
structures, suggested functions and expression in normal and
malignant tissues. Semin Cancer Biol 1999;9:67-81.
Hostetter RB, Augustus LB, Mankarious R, e al. Carcinoem-
bryonic antigen as a selective enhancer of colorectal cancer
metastasis. J Natl Cancer Inst 1990;82:380-5.

Lin PC, Lin JK, Lin CC, et al. Carbohydrate antigen 19-9
is a valuable prognostic factor in colorectal cancer patients
with normal levels of carcinoembryonic antigen and may help
predict lung metastasis. /nt J Colorectal Dis 2012;27:1333-8.
Basbug M, Arikanoglu Z, Bulbuller N, ef al. Prognostic
value of preoperative cEa and ca 19-9 levels in patients with
colorectal cancer. Hepatogastroenterology 2011;58:400-5.
Al-Shuneigat JM, Mahgoub SS, Huq F. Colorectal carcinoma:
nucleosomes, carcinoembryonic antigen and ca 19-9 as apop-
totic markers; a comparative study. J Biomed Sci 2011;18:50.

39. Wild N, Andres H, Rollinger W, ef al. A combination of se-

rum markers for the early detection of colorectal cancer. Clin
Cancer Res 2010;16:6111-21.

Correspondence to: Ugur Duman, Bursa Sevket
Yilmaz Egitim ve Arastirma Hastanesi, Genel Cer-
rahi Klinigi, Mimar Sinan Mahallesi, Emniyet Cad-
desi, 16310 Yildirim, Bursa, Turkey.
E-mail: drugurduman@yahoo.com

£

Department of Gastrointestinal Surgery, Kartal
Kosuyolu High Specialty Training and Research
Hospital, Istanbul, Turkey.

Department of General Surgery, Bursa Sevket
Yilmaz Training and Research Hospital, Bursa,
Turkey.

Department of Gastrointestinal Surgery, Turkiye
High Specialty Training and Research Hospital,
Ankara, Turkey.

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

CURRENT ONCOLOGY—VOLUME 21, NUMBER 1, FEBRUARY 2014 7



mailto:drugurduman@yahoo.com

