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Abstract
AIM: To evaluate the efficacy of postoperative serial 
assay of carcinoembryonic antigen (CEA) and cytokeratins 
for the detection of recurrent disease in patients with 
colorectal adenocarcinoma after radical surgery.

METHODS: Between 1993 and 2000, 120 patients with 
colorectal adenocarcinoma underwent radical surgery 
in the Department of Surgical Gastroenterology, Federal 
University of São Paulo-Escola Paulista de Medicina, 
São Paulo, Brazil. Periodic postoperative evaluation was 
performed by assaying markers in peripheral serum, 
colonoscopy and imaging examination. Presence of CEA 
was detected using the Delfia® method with 5 µg/L 
threshold, and cytokeratins using the LIA-mat® TPA-M 
Prolifigen® method with 72 U/L threshold.

RESULTS: In the first postoperative year, patients 
without recurrent disease had normal levels of CEA 
(1.5 ± 0.9 µg/L) and monoclonal tissue polypeptide 
antigen-M (TPA-M, 64.4 ± 47.8 U/L), while patients with 
recurrences had high levels of CEA (6.9 ± 9.8 µg/L, 
P < 0.01) and TPA-M (192.2 ± 328.8 U/L, P  < 0.05). 
During the second postoperative year, patients without 
tumor recurrence had normal levels of CEA (2.0 ± 1.8 
µg/L) and TPA-M (50.8 ± 38.4 U/L), while patients with 
recurrence had high levels of CEA (66.3 ± 130.8 µg/L, P  
< 0.01) and TPA-M (442.7 ± 652.8 U/L, P  < 0.05). The 
mean follow-up time was 22.3 mo. There was recurrence 
in 23 cases. Five reoperations were performed without 
achieving radical excision. Rises in tumor marker levels 
preceded identification of recurrences: CEA in seven 
(30%) and TPA-M in eleven individuals (48%).

CONCLUSION: Intensive follow-up by serial assay of 
CEA and cytokeratins allows early detection of colorectal 

neoplasm recurrence. 
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INTRODUCTION
Serum tumor markers are substances that can be assayed 
in peripheral blood. Raised levels of  these markers indicate 
the possible existence of  neoplasia in the organism, 
and thus they form an important instrument in the 
therapeutic management of  such patients[1]. In colorectal 
adenocarcinoma, carcinoembryonic antigen (CEA) 
discovered by Gold et al[2] in 1965, has been distinguished 
as a tumor marker with the best characteristics. It is an 
antigen with high serum levels at the embryonic stage and 
low levels in adult individuals, and forms the standard for 
different instances of  evaluation[3,4]. Its diagnostic capacity 
oscillates around 40%[4]. It has a correlation with staging 
especially among patients with lesions at stage IV[4] of  
the TNM classification[5] and validity for determining 
prognostic indices[6]. It can be used as an instrument for 
determining tumor recurrence[7].
    A variety of  markers have been developed for better 
assessing patients with colorectal malignant neoplastic 
processes, such as CA 19-9[8], CA 242[9], CA 72-4[10], 
cytokeratins[11], vascular endothelial growth factor 
(VEGF)[12] and p53[13]. Of  these, cytokeratins deserve 
special attention because of  their characteristics. The first 
method developed for detecting cytokeratins was the tissue 
polypeptide antigen (TPA) method in 1978[11], evolving 
into the tissue polypeptide-specific antigen (TPS) method 
in 1992, using a reagent to identify the M3 epitope of  
the TPA molecule[14]. Subsequently, in 1994, monoclonal 
tissue polypeptide antigen (TPA-M) was developed with 
monoclonal antibodies directed against various epitopes 
of  three different cytokeratins: 8, 18 and 19[15,16]. It has 
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been studied to evaluate whether it can be utilized for 
identifying patients with colorectal adenocarcinoma[15,16] 
and neoplasias in various other organs, such as prostate[17], 
ovary[18], lung[19], bladder[20] and breast[21].   
    The objective of  the present study was to investigate 
the value of  postoperative serial assay of  cytokeratins and 
CEA, for detecting recurrences of  tumors of  the colon 
and rectum, with the aim of  determining their possible 
clinical advantages.   

MATERIALS AND METHODS
Patients
Between December 1993 and March 2000, 120 patients 
with colorectal adenocarcinoma underwent curative 
surgical treatment in the Depar tment of  Surgical 
Gastroenterology, Federal University of  São Paulo-Escola 
Paulista de Medicina (UNIFESP-EPM), São Paulo, Brazil. 
Among the patients 69.2% were white, 20.1% brown, 7.7% 
yellow and 3% black, and 43.2% were male. At the time 
of  diagnosis, their mean age was 62.16 years, ranging from 
19 to 89 years. The location of  the lesion was the rectum 
(54.4%), left colon (18.9%), transverse colon (3.6%) and 
right colon (23.1%). The mean diameter of  the tumor was 
6.1 cm, ranging from 1 to 17 cm. 
    The patients were treated according to a protocol 
approved by the Research Ethics Committee of  the 
institution. The patients were made aware of  the study, 
and signed a statement of  consent to their participation 
in the investigation. Patients with other neoplasias on 
earlier occasions or those who received previous anti-
neoplastic therapy were excluded from the investigation. 
The operation was considered curative or palliative in 
accordance with evaluation of  the preoperative staging 
tests, intraoperative evaluation of  whether there was 
residual macroscopic lesion, and verification of  the 
anatomopathological report.

Methods
Staging of  the neoplasias was done according to the TNM 
scheme. Stage I was found in 29, stage II in 21, stage III in 
29, stage IV in 41 patients respectively[5]. It was proposed 
to the patients that evaluations should be made 6, 12, 
18, 24, 36, 48 and 60 mo after the operation. Follow-up 
was performed by clinical assessment, laboratory tests 
and supplementary examinations such as colonoscopy, 
computerized tomography (CT) of  the abdomen and 
pelvis, and radiography (X-ray) of  the chest using 
posteroanterior (PA) and lateral views. Opaque enema, 
nuclear magnetic resonance (NMR) and bone scintigraphy 
were requested in accordance with the clinical indication in 
each case. 
    The CEA and TPA-M markers were evaluated for 
all patients in the study following the operation, and 
calculated by patient category (with or without recurrence 
of  neoplasia) for each collection time. The initial collection 
of  blood for assaying the tumor markers was performed 
while inducing anesthesia prior to the surgical operation. 
The blood samples were centrifuged with collection of  
peripheral serum, and stored at -20℃. The serum assays 
of  tumor markers were performed in the Clinical Analysis 

Laboratory of  Hospital São Paulo, UNIFESP-EPM. The 
CEA concentration was determined using the Delfia®

method, taking 5 µg/L as the limit for normalcity[4,7]. 
Cytokeratins were quantified using the LIA-mat® TPA-M 
Prolifigen® method, taking 72 U/L as the limit for 
normality.   

Statistical analysis
Statistical analysis was performed using receiver operator 
characteristic (ROC) curves[22], quantitative analysis of  the 
variables and repeated-measurement variance analysis[23].

RESULTS
In the first postoperative year, patients without tumor 
recurrence had normal levels of  CEA (1.5 ± 0.9 µg/L) and 
TPA-M (64.4 ± 47.8 U/L), while patients with recurrences 
had high levels of  CEA (6.9 ± 9.8 µg/L, P < 0.01) and 
TPA-M (192.2 ± 328.8 U/L, P < 0.05) (Table 1). The 
serum levels of  the tumor markers CEA and TPA-M 
were measured during the first postoperative year. These 
parameters could predict recurrences of  neoplasia during 
the second postoperative year. The accuracy was 0.59 
(0.43-0.76) for CEA and 0.76 (0.63-0.89) for TPA-M 
(Figure 1A).
    The second postoperative year was the principal period 
for identifying tumor recurrence. During this year, the 
CEA levels were normal (2.0 ± 1.8 µg/L) in patients 
without tumor recurrence, and high (66.3 ± 130.8 µg/L, 
P < 0.01) in patients with recurrences (Table 1), with an 
accuracy of  0.68 (0.43 - 0.93) (Figure 1B). The circulating 
TPA-M levels remained normal (50.8 ± 38.4 U/L) in 
patients without tumor recurrence and high (442.7 ± 652.8 
U/L, P < 0.05) in patients with recurrences (Table 1), with 
an accuracy of  0.78 (0.62-0.94) (Figure 1B).   
    Three (2.5%) out of  the 120 patients were lost their 
follow-up after surgery. The mean time of  follow-up was 
22.3 mo, ranging 0.2-75 mo. Recurrence of  neoplasia was 
observed in 23 patients (19.2%) during the study period, 
which was found by clinical, radiological and endoscopic 
examinations at an average of  18 mo after the initial 
operation, ranging from 6 to 48 mo. This was preceded 
by a rise in CEA in 7 patients (30%) and TPA-M in 11 
patients (48%).
    Among the 23 patients with recurrence of  neoplasia, 
18 (78.3%) presented multiple tumor recurrences, while 5 
(21.7%) who were considered operable underwent surgery 
for the new lesions. They continued to present residual 
disease after surgery. Four of  these patients died during 
the postoperative follow-up.

DISCUSSION
One year after the operation, the CEA level was around 1.5 
µg/L in the patients without tumor recurrence and around 
6.9 µg/L in those with tumor recurrence with an accuracy 
of  76%. The mean level of  TPA-M was around 64.4 U/L
in the patients without tumor recurrence and around 
192.2 U/L in those with recurrence with an accuracy of  
59.1%. In the second postoperative year, the mean CEA 
level was around 2.0 µg/L in patients without tumor 
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recurrence and around 66.3 µg/L in those with recurrence 
with a sensitivity of  50% and a specificity of  76.9% and 
an accuracy of  67.9%. The mean level of  circulating 
TPA-M was around 50.8 U/L in the patients without 
tumor recurrence and around 442.7 U/L in those with a 
recurrence, with sensitivity of  75%, a specificity of  71.8% 
and an accuracy of  78.2%.   
    Various investigations have suggested that raised level 
of  serum CEA is an important indicator for the recurrence 
of  colorectal neoplasia[4,7]. However, it is not unanimous 
because of  the lack of  practical results obtained through 
clinical follow-up of  patients[24]. Nonetheless, periodic 
postoperative assay of  CEA is considered an effective 
low-cost measure for identifying tumor recurrence[25]. No 
studies have been undertaken to analyze the efficiency 
of  cytokeratins in detecting recurrences originating 
from colorectal adenocarcinoma. The present study 
demonstrated that TPA-M and CEA were comparable 
in terms of  sensitivity, specificity and accuracy in the 
detection of  recurrences. Further studies are needed for 
evaluating and confirming the importance of  TPA-M in 
following up patients with colon or rectum cancer after 
surgery.
    According to the 2000 consensus of  the American 
Society of  Clinical Oncology[25], a postoperative finding 
of  raised CEA concentration in peripheral blood indicates 
that closer endoscopic and radiological follow-up should 
be undertaken until such possible tumor recurrences are 
located. It is certain that patients with colorectal rumor 
recurrence are never completely cured. Such patients still 
carry neoplastic cells that are capable of  developing when 
conditions are suitable.    
    The question is therefore whether intensive follow-
up is effective. The medical literature presents conflicting 
opinions in this respect. One option is to follow up with 
assay of  tumor markers in patients and additional tests if  
higher than normal concentrations are found[4]. Another 
alternative is to undergo periodic tests, such as radiological 
examinations and endoscopic procedures, for rapid 
identification of  reoccurrences of  neoplasia and prompt 
reintervention[6]. Nonetheless, no significant improvements 
have been achieved in patient survival obtained through 
close medical follow-up for recurrences of  colorectal 
neoplasia. Minton et al[26] showed that reoperation can 
achieve a five-year disease-free survival. Moertel et al[24] 
carried out interventions in 417 patients with recurrence, 
and found that 2.3% of  them have no relapse in more 
than one year. Lucha Jr. et al[7] achieved a five-year survival 
in three reoperated patients (1.1%) out of  285 who were 

given radical treatment. None of  the patients in the present 
study with recurrence of  colorectal neoplasia after the 
initial resection could be cured. The tumor marker levels 
are increased in peripheral blood before recurrence of  
the neoplasia can be identified, which has been confirmed 
by a recent study[7]. Early surgical intervention at the site 
of  tumor recurrence might become possible through 
improvements in the imaging methods available[4].
    There are some possible explanations why the rates of  
curative resection of  tumor recurrence are low. Sometimes, 
when resection of  a metastasis in a given organ is 
carried out, the patient may still have micrometastases 
in other organs, and thus the surgery must be classified 
as non-radical. Institutional delays cause patients for 
reintervention with disease that is more advanced than 
it is when the recurrence is discovered, thereby always 
obtaining worse results. Moreover, metastases are often 
multiple, making it difficult to obtain complete resection 

Figure 1  ROC curve for CEA and TPA-M in the first (A) and second (B) 
postoperative year among patients with colorectal cancer.
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Table 1  Serum CEA and TPA-M levels by postoperative year (mean ± SD)

Recurrence of
neoplasia 1st yr 2nd yr 3rd yr 4th yr P

CEA (µg/L) - 1.5 ± 0.9 2.0 ± 1.8  1.4 ± 1.1 1.9 ± 1.0 < 0.01

+b 6.9 ± 9.8   66.3 ± 130.8  19.9 ± 32.0 1.2 ± 0.7
TPA-M (U/L) - 64.4 ± 47.8 50.8 ± 38.4  54.0 ± 19.5 43.6 ± 29.0 < 0.05

+a 192.2 ± 328.8 442.7 ± 652.8  93.3 ± 82.0 343.5 ± 437.6

aP < 0.05, bP < 0.01, vs no recurrence.
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and thus compromise the cure for the patient. 
    Whether intensive follow-up prolongs patient survival is 
unclear. Ohlsson et al[27] evaluated 107 patients in Sweden 
who were divided into intensive and non-intensive follow-
up groups after curative surgery for colorectal neoplasia, 
and found that there is no statistical difference in the 
two groups. Secco et al[28] followed up 216 patients with 
colon or rectum cancer undergoing curative surgery for 
lesion resection (127 of  them had intensive follow-up), 
and found that adherence to a strict medical follow-up 
program can prolong survival of  colorectal cancer patients. 
There is a consensus that the ideal marker for colorectal 
neoplasia does not yet exist[29]. 
    Intensive follow-up in the present study enabled early 
detection of  recurrences of  colorectal neoplasia, through 
levels of  the tumor markers CEA and TPA-M were 
increased, which even occurred before the recurrence site 
was located. Increased CEA and TPA-M levels prior to 
locating the recurrences occurred in 30% and 48% of  the 
patients with recurrences. However, although reoperation 
was performed, no cure was obtained. 
    In conclusion, intensive follow-up by serial assay of  
CEA and cytokeratins allows early detection of  colorectal 
neoplasm recurrence.
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