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Abstract

AIM: To evaluate the serum levels of cytokeratins and
carcinoembryonic antigen (CEA) in diagnosis, staging and
prognosis of patients with colorectal adenocarcinoma.

METHODS: The sample consisted of 169 patients. One
hundred blood donors formed the control group. Radical
surgery was performed on 120 patients, with an average
follow-up duration of 22.3 mo. Relapses occurred in 23
individuals after an average of 18.09 mo. CEA was assayed
via the Delfia® method with a limit of 5 ng/mL. Cytokeratins
were assayed via the LIA-mat® TPA-M Prolifigen® method
with a limit of 72 U/L.

RESULTS: In the diagnosis of patients with colorectal
adenocarcinoma, CEA showed a sensitivity of 56%, a
specificity of 95%, a positive predictive value of 94%, a
negative predictive value of 50% and an accuracy of 76.8%.
TPA-M had a sensitivity of 70%, a specificity of 96%, a
positive predictive value of 97%, a negative predictive value
of 66% and an accuracy of 93.6%.  The elevation of one of
the markers was shown to have a sensitivity of 76.9%, a
specificity of 91%, a positive predictive value of 93.5%, a
negative predictive value of 70% and an accuracy of 83.6%.
There was no variation in the levels of the markers according
to the degree of cell differentiation while there was an
elevation in their concentrations in accordance with the
increase in neoplastic dissemination. There was a
statistically significant difference between the patients with
stage IV lesions and those with stages I, II and III tumors.
With regard to CEA, the average level was 14.2 ng/mL in
patients with stage I lesions, 8.5 ng/mL in patients with
stage II lesions, 8.0 ng/mL in patients with stage III lesions
and 87.7 ng/mL in patients with stage IV lesions. In relation
to TPA-M, the levels were 153.1 U/L in patients with stage I
tumors, 106.5 U/L in patients with stage II tumors, 136.3 U/L
in patients with stage III tumors and 464.3 U/L in patients
with stage IV tumors. There was a statistical difference in
patients with a high CEA level in relation to a shorter survival
(P<0.05). However, there was no correlation between
patients with high TPA-M levels and prognostic indices of
patients undergoing radical surgery.

CONCLUSION: Cytokeratins demonstrate a greater sensitivity
than CEA in the diagnosis of colorectal adenocarcinoma.
There is an increase in the sensitivity of the markers with

tumor dissemination. Cytokeratins cannot identify the
worse prognosis in patients undergoing radical surgery.
Cytokeratins constitute an advance in the direction of a
perfect tumor marker in the treatment of patients with
colorectal cancer.
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INTRODUCTION
Colorectal cancer is the third most frequent cancer in the world,
with a high incidence rate in North America, Western Europe,
Australia, New Zealand and France[1,2]. The general survival
rate of colorectal patients does not exceed 40%[3,4].
      The average five-year survival rate of patients with lesions
diagnosed at early stages (stage I) is approximately 70%, and is
6% in cases of advanced disease (stage IV)[5]. Better public
awareness has assisted in diagnosing lesions at initial stages.
Nonetheless, patients are commonly found to have the disease
at advanced stages with extremely poor results. Sometimes
palliative surgery or interventions are performed in which tumor
resection is not achieved[6,7].
       It is in this context that the use of serum tumor markers has
its place. These substances, which can be detected in peripheral
blood indicate the existence of developing neoplasm in the
body[8]. In colorectal adenocarcinoma, CEA[9] has become
distinguished as a tumor marker in the diagnosis[10-12], staging[10-12],
and prognosis[13-15] of patients with colorectal carcinoma, and
in the detection of its recurrence[16-19].
      Other markers have been developed such as CA 19-9[20,21],
CA 242[21], CA 72-4[22], cytokeratins[23,24], VEGF[25], and p53[26,27].
Of these, cytokeratins merit attention.
      Tissue polypeptide antigen (TPA) was the first developed
for detecting cytokeratins in 1978[23]. This evolved into tissue
polypeptide specific antigen (TPS) in 1992[28,29]. Subsequent to
this, monoclonal tissue polypeptide antigen (TPA-M) was
developed in 1994. Its utilization has been analyzed with regard
to the diagnosis of colorectal adenocarcinoma[30,31] and
neoplasms in other organs, such as the prostate[32], ovaries[33],
lungs[34], bladder[35] and breast[36].
      A comparison between cytokeratins and CEA would be
useful for determining whether they have clinical advantages
in the diagnosis, staging and prognosis of  colon or rectal
cancer patients.

MATERIALS AND METHODS
A study was made in 169 patients (n) with colorectal



adenocarcinoma undergoing surgical treatment. The study was
conducted in accordance with international standards (Helsinki
Declaration)[37], and approved by the Institutional Ethics
Committee. Patients who had a previous neoplasm history were
excluded. A control group of 100 individuals was recruited
among blood donors at the General Hospital, São Paulo.
     The patients were informed that the study period would
consist of the surgical phase and a postoperative follow-up
period of 6, 12, 18, 24, 36, 48 and 60 mo. The preoperative staging
was achieved via clinical evaluation, colonoscopy,
computerized tomography (CT) of the abdomen and pelvis,
and chest radiography. Opaque enema, nuclear magnetic
resonance (NMR) and bone scintigraphy were performed in
accordance with the clinical indications of each case.
      Blood samples were centrifuged and the peripheral serum
was frozen at -20 ℃. The patients were periodically followed
up during the postoperative period by means of clinical
evaluation and performing the examinations mentioned. In the
control group, peripheral blood samples were collected via
procedures similar to those used for the patients.
       With regard to ethnicity, 69.2% of the patients were whites,
20.1% brown-skinned, 7.7% yellow-skinned and 3% blacks.
With regard to gender, 43.2% were males. At the time of diagnosis,
the average age was 62.2 years, ranging from 19 to 89 years.
Fifty-four point four percent of the lesion locations were in the
rectum, 18.9% in the left colon, 3.6% in the transverse colon
and 23.1% in the right colon. The average diameter of the
neoplasms was 6.1 cm, ranging from 1 to 17 cm.
      Of the initial 169 patients, 120 underwent curative surgery
(71%). The average time of follow-up was 22.3 mo.
       Follow-up was lost in 3 patients (1.8%). Of the 120 patients
undergoing radical surgery, 81 (67.5%) completed the follow.
       Among the 120 patients undergoing radical surgery, 23 (19.2%)
presented neoplastic relapse at an average of 18.1 mo after the
initial surgery.
      The control group was composed of 100 blood donors at
the General Hospital, São Paulo (HGSP). Forty-five percent of
the donors were whites, 39% brown-skinned, 12% blacks and 4%
yellow-skinned. Fifty-four were males. At the time of blood donation,
their average age was 42.5 years, ranging from 18 to 60 years.
       A single professional at the Clinical Analysis Laboratory of
Hospital São Paulo, Federal University of São Paulo - Escola
Paulista de Medicina, performed the serum assays for tumor
markers. The CEA level was determined via the Delfia® method,
using the Cobas Mira Plus® automatic analyzer from Roche®,
and the limit for normality was considered to be 5 ng/mL[10,11,18].
The cytokeratin levels were determined via the LIA-mat TPA-
M Prolifigen® method from the AB Sangtec Medical®

Laboratory, using the Lumat LB 9501® Luminometer from EG&G
Berthold, and the reference value of 72 U/L.
      The following were utilized in the statistical analysis: ROC
curve[38], kappa statistic analysis ()[39], variance analysis[40],
Student’s t test (t)[41] and survival analysis[41] via the Kaplan-
Meier curves. P<0.05 was considered statistically significant.

RESULTS

Diagnosis
In the diagnosis of colorectal adenocarcinoma, CEA demonstrated
a sensitivity of 56%, a specificity of 95%, a positive predictive
value of 94%, a negative predictive value of 50% and an accuracy
of 76.8%. TPA-M presented a sensitivity of 70%, a specificity
of 96%, a positive predictive value of 97%, a negative predictive
value of 66% and an accuracy of 93.6% (Figure 1).
      The elevation of one of the markers was shown to have a
sensitivity of 76.9%, a specificity of 91%, a positive predictive
value of 93.5%, a negative predictive value of 70% and an

accuracy of 83.6%. The reagents had independent action modes
in samples from the patients.

Figure 1  Receiver operating characteristic curve obtained in
analysis of CEA and TPA-M in patients with colorectal cancer
and individuals of the control group.

Staging
There was no variation in the levels of the markers according to
the degree of cell differentiation while there was an elevation in
their concentrations in accordance with the neoplastic
dissemination.  There was a statistically significant difference
between the patients with stage IV lesions and those with stages
I, II and III tumors.
      With regard to CEA, the average level was 14.2 ng/mL in
patients with stage I lesions, 8.5 ng/mL in patients with stage II
lesions, 8.0 ng/mL in patients with stage III lesions and 87.7 ng/mL
in patients with stage IV lesions. In relation to TPA-M, the
levels were 153.1 U/L in patients with stage I tumors, 106.5 U/L
in patients with stage II tumors, 136.3 U/L in patients with
stage III tumors and 464.3 U/L in patients with stage IV tumors.
       The sensitivity of each marker or its association with stages
I, II, III and IV of the TNM classification is described in Table 1.

Table 1  Sensitivity of CEA and TPA-M in patients with colorectal
cancer according to the staging of the TNM classification

                                         Sensitivity at different stages (%)

                                        I                II              III               IV

CEA 35.0      23.3           34.1    69.0

TPA-M 75.0      53.3           61.0    82.8

Increased CEA

or TPA-M 77.5      60.0           68.3    91.4

Figure 2  Preoperative TPA-M and survival of patients with
colorectal cancer undergoing radical surgical treatment.

Prognosis
There was a statistical difference in patients with a high CEA
level in relation to a shorter survival. However, there was no
statistical difference between patients with high TPA-M levels
in relation to a shorter survival (Figure 2). Even when higher

 

0.00  0.25  0.50  0.75  1.00

1.00

0.75

0.50

0.25

0.00

S
e
n
si

ti
v
it
y

1-Specificity

TPA-M

CEA

 0    1    2    3    4     5     6     7

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

P
ro

b
a
b
il
it
y 

o
f 

su
rv

iv
a
l 
e
st

im
a
te

Follow-up time (yr)

TPA-M

≥72 U/L

<72 U/L

646             ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    February 7, 2005   Volume 11   Number 5

P = 0.910 (wilcoxon
test, Breslow version)



Fernandes LC et al. Cytokeratin and CEA in colorectal cancer 647

cut-off values for TPA-M were adopted (216 U/L, three times
higher than the maximum value were considered to be normal),
no significant differences were discovered.

DISCUSSION
The exclusion criteria for patients with a prior history of benign
or malignant neoplasms were appropriate, because they could
have an increase in the levels of the serum tumor markers
analyzed not due to the colorectal neoplasm present. For the
control group, blood donors present colorectal neoplasm were
used as the healthy population sample as in other studies of the
same nature[30,31].
      CEA presented unsatisfactory results when the diagnosis
of colorectal neoplasia was made, with a diagnostic rate of
about 40%[10-12]. In this study, the sensitivity was approximately
50%, confirming that this marker should, therefore not be utilized
for the diagnosis of lesions[42-44]. The cytokeratins assayed via
TPA-M showed a sensitivity of about 70%. Correale et al[30]

found a sensitivity of 48% with a cut-off point of 70 U/L.   Plebani
et al[31] by using TPA-M with a cut-off value of 46 U/L, identified
a sensitivity of 58%. The rates obtained in the present
investigation appear to be promising. Additional studies are
necessary for verifying the real sensitivity of TPA-M in
colorectal cancer patients.
    Plebani et al[31] foresaw the advantages in utilizing
cytokeratins in combination with CEA in the diagnosis of
colorectal neoplastic lesions. On the basis of the data from the
present research, the utilization of cytokeratins and CEA was
attractive, with a sensitivity of 77%.
      Perhaps the use of TPA-M in combination with CEA will
make it possible to detect colorectal neoplasms in populations
at risk at a reasonable cost, especially when its ease of execution
and elevated sensitivity are considered.
      With such a sensitivity, TPA-M may have some usefulness,
even in terms of diagnosis, of the lesions that have the macroscopic
characteristics of neoplasm in endoscopic or radiological
examinations but without confirmation of the malignant nature
from the anatomopathological examination. Increased use of
TPA-M in combination with CEA may constitute an additional
element for indicating surgical interventions.
     The association between quantification of these tumor
markers and staging of patients is relative. Carriquiry and
Piñeyro[10] studied 209 patients, and identified an average
preoperative CEA level of 4.25 ng/mL in patients with stage I
tumors, 7.49 ng/mL in patients with stage II tumors, 6.42 ng/mL
in patients with stage III tumors, and 241.88 ng/mL in patients
with stage IV tumors. The percentage of increased CEA at each
stage was 21%, 31%, 36% and 92% in patients with stages I, II,
III and IV tumors, respectively.
     Correale et al[30] studied TPA-M assays taken from 98
patients with malignant colorectal tumors using a cut-off point
of 57 U/L, and found the sensitivity 33%, 35%, 59% and 73% in
patients with stages I, II, III, and IV tumors, respectively. Plebani
et al[31] reported a statistically significant variation in TPA-M
levels only in patients with stage IV colorectal neoplasm, in
relation to those with other stage tumors.
      In this research, the sensitivity of CEA and TPA-M presented
a statistically significant difference between stage IV and the
other stage tumors. Larger samples would perhaps be able to
find evidence for other differences. However, it is possible that
elevation in serum levels of tumor markers might only be
provoked by lesions that extend beyond the colon or rectum.
In any event, preoperative assay of the markers would show
some value in the staging, and should be done for all patients.
Several studies demonstrated lower levels on the survival curves
for patients with elevated CEA assays during the preoperative

period, such as the studies by Carriquiry and Piñeyro[10],
Wang et al[14] and Wiratkapun et al[15].
      No studies are available regarding the correlation between
preoperative TPA-M levels above or below 72 U/L and prognostic
indices such as disease-free intervals and relapse, in patients
with colon or rectum cancer.
      In the present study, no statistical difference was identified
in the disease-free interval and survival of patients with
preoperative concentrations of TPA-M above or below the
level of 72 U/L. In the same way, with cut-off value three times
greater than normal, as calculated by Forones et al[13] and
Wiratkapun et al[15] for CEA, there was no difference in patient
survival for TPA-M. This does not, however, necessarily signify
that there is no difference between the groups of individuals
with normal or elevated pre-surgical levels of this tumor marker.
It is possible that the patient sample did not have medical follow-
up for a sufficient period of time for a statistical difference to
emerge between the groups in relation to the marker studied.
In this research, the average patient follow-up time was 22.3 mo.
Other investigations[10,14,15] did have a longer follow-up, with a
statistical difference identified in survival. TPA-M can demonstrate
prognostic importance in studies with a longer follow-up time.
       The peripheral serum level of CEA during the preoperative
period reached the status of a relevant prognostic variable. At
present, the preoperative staging of colorectal cancer includes
CEA assay with the following classification: CX - undetermined
CEA level, C0 - level less than 5 ng/mL, and C1 - level greater
than 5 ng/mL[45].
      What are the intrinsic characteristics that would define an
ideal tumor marker? The level of such a marker would rise in the
presence of the smallest neoplastic lesions, and would increase
only with the existence of tumors. The marker would be
produced by all neoplastic cells, thus making it possible to
correlate between marker levels and tumor extent. All patients
would generate such a marker. For the public, the examination
must have an accessible cost, be minimally invasive and can be
performed in any location. The marker should precisely indicate
the diagnosis, staging, prognosis and occurrence of neoplastic
relapse. There is a consensus on the fact that the ideal tumor
marker does not exist[8,46].
      Cytokeratins constitute an advance in the direction of a
perfect tumor marker, and their association with CEA is useful
in offering a better approach towards patients with colorectal
cancer.
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