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Abstract
Background: Carcinoembryonic antigen (CEA) is the most common marker used for diagnosis of colorectal 
cancer (CRC). Recent studies suggest that D-dimer (DD) can be a better tumor marker than CEA. This 
prospective study evaluates the value for prognosis of both markers in patients with CRC. Materials and 
Methods: 166 colorectal cancer patients were studied. There were 85 male patients and 81 female patients. 
Their mean age was 60.7±12.1 years. All had undergone surgery with curative intent for stages I and II CRC 
between January 2003 and December 2007. During the preoperative phase both CEA and DD were used to 
establish prognoses for these patients. They were monitored until relapse and/or death. Clinical pathological 
characteristics were evaluated and the tumor stage was determined according to the AJCC system. 5 ng/mL 
was determined as an abnormal value for CEA and 0.5 µg/mL as abnormal for DD. The values for both mar-
kers were determined for the recurrent cases or at the final check up of patients who survived. These studies 
were continued until June 2008. Results: During the preoperative phase, abnormal DD values were found 
in 81.3% of these patients, while abnormal values for CEA were found in 51.2%. Elevated values of DD and 
CEA were related to how far the cancer had advanced. Preoperative prognoses as determined by CEA and 
DD favor CEA as a marker for predicting both recurrence and mortality. Survival curves were similar for both 
markers. Conclusion: Abnormal CEA values have a higher correlation with tumor stages and have greater 
value for determining prognoses of relapse and mortality than does DD value elevation.  
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INTRODUCTION

Since its original description in 1965 by Gold and Freeman 
(1), carcinoembryonic antigen (CEA) has been the most 
commonly used tumor marker for monitoring colorectal 
cancer (CRC) patients (2, 3) and has even been sugges-
ted for use as a prognostic factor (4, 5). A normal person 
produces 50 to 70 mgs of CEA every day. Most of this is 
produced in the colon and is evacuated in the stool (6).  
Although the function of CEA is unknown, it has been rela-
ted to intercellular adhesion, signal regulation of cellular 
transduction and innate immune defense (7). The half life 
of CEA in the blood is 10 days. 

The Colorectal Working Group (8) defines elevated 
levels of CEA as those over 5ng/ml and suggests that TNM 
(Tumor, Node, Metastasis) stages be modified to include 
information about CEA in stages I to IV: Cx if there is no 
evaluation, C0 if CEA is normal, and C1 if it is elevated. 
CEA levels return to normal two months after surgical 
intervention with curative intent (9). The use of CEA levels 
has been more cost-effective for the detection of recurren-
ces with recovery potential than have physical examina-
tions, thoracic X-rays and colonoscopies (10). 

D-dimer (DD) is a fibrin degradation product released 
by plasmin. An increase of this product has been demons-
trated in different types of solid tumors including thyroid 
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(11), stomach (12), esophageal (13), lung (14, 15), ova-
rian (16), breast (17), prostate (18), and colorectal cancer 
(19-23). In CRC, the DD value has been related directly to 
a greater compromise from tumors at the moment of inter-
vention (22). 

The objective of this prospective study was to compare 
the prognostic value of CEA with that of DD. Values obtai-
ned prior to surgery and during post operative monitoring 
of patients were used to predict and detect recurrences and 
to diagnose relapses.

MATERIALS AND METHODS

Patient Selection

166 patients with histological diagnoses of CRC who had 
undergone gastrointestinal oncological surgery at the 
Hospital ‘Pablo Tobón Uribe’ and the Hospital ‘San Vicente 
de Paúl’ in Medellin, Colombia were included in this study. 
All patients were over 18 years of age and had been diagno-
sed with stages I, II or III CRC between January, 2003 and 
December, 2007. Postoperative monitoring was carried 
out until June 30, 2008. DD and CEA levels were identi-
fied before surgery. The study excluded stage IV patients, 
patients who did not undergo surgical resection, and 
patients who underwent surgery without curative intent. 
Clinicopathological characteristics including T (location 
of original tumor), N (metastasis in nearby lymph nodes) 
and M (distant metastasis) as defined by the AJCC) and 
degree of differentiation and monitoring data were collec-
ted on a form designed for this purpose. 

One month before surgery, all patients were physically 
evaluated and had thoracic X-ray exams, abdominal CAT 
(Computerized Axial Tomography) scans with contrast, 
routine paraclinical studies and DD-CEA evaluations. 
Two to three weeks after a patient left the hospital monito-
ring began. Check-ups were conducted every three or four 
months for two years following surgery. For the next three 
years check-ups were scheduled every four to six months. 
Thereafter patients had annual check-ups. At each medi-
cal visit DD and CEA levels were evaluated. Use of oral or 
parenteral anticoagulants, or use or aspirin, excluded the 
patient from the study. Patients who showed thromboembo-
lic events during the monitoring phase were also excluded.

CEA and DD evaluation

Peripheral blood (antecubital vein) was obtained from the 
patient with a vacutainer needle and placed into a 3.8% 
solution of Sodium Citrate (Becton Dickinson Rutherford, 
NJ) to obtain 5 ml. These samples were used to evaluate 
DD and CEA levels one month prior to surgery. CEA levels 

over 5ng/ml were classified as abnormal levels, as well as 
DD levels over 0.5 mg/ml. During postoperative moni-
toring of patients, the DD and CEA levels were evaluated 
at each check up. When a recurrent event was detected by 
imaging studies (CAT scans, MRIs or X-rays) or by histo-
logical studies, the tumor marker value was taken near (not 
more than two months) the relapse diagnosis time.

Statistical Analysis

Absolute and percentage distributions as well as summary 
statistics including arithmetic means, medians, truncated 
means, and standard deviations were used for the descrip-
tive analysis. To explore the probable association between 
qualitative variables, the Chi-square test for independence 
was calculated. Relative risks (RR) were also calculated with 
95% confidence intervals. These were adjusted according 
to age group age through stratified analysis. For survival 
analysis the Kaplan Meier method was used. We compared 
two curves to analyze survival differences. We established 
the normality criteria of all data using the Kolmogorov-
Smirnov test. Based on these results, the t-Student test, or 
the U test when appropriate, was used to calculate the diffe-
rences among independent means. A p value under 0.05 
was considered statistically significant. Data analysis was 
performed with SPSS version 15.0 (Statistical Package for 
the Social Sciences, Chicago, Illinois, USA) and Epi Info 
2008 version 3.5.1.

RESULTS

During the 6 years from 2003 to 2008 166 patients with 
colorectal adenocarcinoma underwent surgery with cura-
tive intent. The average age of the group was 60.7±12.13 
years. 51% of the patients were men, and 78% of the patients 
came from urban areas. We found that rectal (51%) and 
colon compromises were very similar. At the moment of 
intervention almost half (48%) of the patients were stage 
III according to the TNM system. 61 patients (37%) relap-
sed and 57 deaths (34%) occurred during postoperative 
monitoring (Table 1).

Prognostic value of DD and CEA prior to surgery and 
during postoperative follow-up
 
Prior to surgery abnormal DD values were found in 81.3% 
of the cases (n=135) and abnormal CEA values were 
found in 51.2% of the cases (n=85). The average preope-
rative level of DD was 0.74± 0.24 mg/mL, while average 
preoperative level of CEA was 28.64 mg/mL. Evaluating 
these levels during postoperative monitoring we found 
that the average CEA level was 57.65ng/mL when relap-
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ses were diagnosed and 11.85ng/mL when relapses were 
not diagnosed. The average level of DD when relapses were 
diagnosed was 0.803±0.24 mg/mL. It was 0.69±0.22 mg/
mL when relapses were not diagnosed. During the moni-
toring phase, abnormal DD levels were found in 62.7% of 
the cases (n=104) and abnormal CEA levels were found 
in 31.3% (n=52) of these cases. Statistically significant 
differences were found in the DD and CEA values between 
patients who had relapsed and those who had not relapsed. 
In both cases patients who had relapsed had values which 
were greater than those who had not relapsed (DD average 
levels t= 3.40: p=0.001) (CEA levels U Mann-Whitney = 
589.5: p=0.000).

Relationship between DD and CEA values during the 
preoperative phase according to location, histological 
findings and stage

Tumor location was positively related to preoperative DD 
values, with higher values in the rectum (89.3%, p=0.01). 
This relation was not observed for CEA values (57.1%, 
p=0.12). When values were adjusted according to age 
group (under and over 55 years), no significant changes 
in the relation between tumor location and preoperative 
DD values (RR= 1.22, CI 95%, 1.00 to 1.42) or preopera-
tive CEA values (RR = 1.26, CI 95%, 0.93 to 1.69) were 
detected. Similarly, adjusting for age did not result in any 

Table 1. Absolute and percentage distribution, RR, 95% CI and p values for demographic and clinicopathological characteristics according to DD and 
CEA values during preoperative and monitoring phases.

Preoperative phase for DD Preoperative phase for CEA
Abnormal

n (%)
Normal
n (%)

RR CI 95% p Abnormal
n (%)

Normal
n (%)

RR CI 95% p

Age > 60 years 78 (79,6) 20 (20,4) 0,95 0,82-1,09 0,49 46 (46,9) 52 (53,1) 0,82 0,61-1,09 0,18
£ 60 years 57 (83,8) 11 (16,2) 39 (57,4) 29 (42,6)

Gender Male 67 (78,8) 18 (21,2) 0,93 0,81-1,08 0,39 41 (48,2) 44 (51,8) 0,88 0,66-1,19 0,43
Female 68 (84) 13 (16) 44 (54,3) 37 (45,7)

Location Recto 75 (89,3) 9 (10,7) 1,22 1,05-1,42 0,01 48 (57,1) 36 (42,9) 1,26 0,93-1,71 0,12
Colon 60 (73,2) 22 (26,8) 37 (45,1) 45 (54,9)

Differentiation Poor 85 (78) 24 (22) 0,89 0,77-1,02 0,12 59 (54,1) 50 (45,9) 1,18 0,85-1,65 0,29
Good 50 (87,7) 7 (12,3) 26 (45,6) 31 (54,4)

Stage I 14 (43,8) 18 (56,3) NA NA 0,00 2 (6,3) 30 (93,8) NA NA 0,00
II 46 (85,2) 8 (14,8) 18 (33,3) 36 (66,7)
III 75 (93,8) 5 (6,3) 65 (81,3) 15 (18,8)

Relapse Yes 54 (88,5) 7 (11,5) 1,15 1,0-1,32 0,07 46 (75,4) 15 (24,6) 2,03 1,52-2,7 0,00
No 24 (22,9) 81 (77,1) 39 (37,1) 66 (62,9)

Mortality Yes 50 (87,7) 7 (12,3) 1,12 0,98-1,29 0,13 42 (73,7) 15 (26,3) 1,87 1,41- 2,47 0.00
No 24 (22,0) 85 (78,0) 43 (39,4) 66 (60,6)

Monitoring phase for DD Monitoring phase for CEA
Abnormal

n (%)
Normal
n (%)

RR CI 95% p Abnormal 
n (%)

Normal
n (%)

RR CI 95% p

Age > 60 years 67 (68,4) 31 (31,6) 1,25 0,97-1,62 0,06 30 (30,6) 68 (69,4) 0,95 0,6-1,49 0,81
£ 60 years 37 (54,4) 31 (45,6) 22 (32,4) 46 (67,6)

Gender Male 52 (61,2) 33 (38,8) 0,95 0,75-1,20 0,68 29 (34,1) 56 (65,9) 1,20 0,76-1,89 0,42
Female 52 (64,2) 29 (35,8) 23 (28,4) 58 (71,6)

Location Recto 53 (63,1) 31 (36,9) 1,01 0,80-1,28 0,90 24 (28,6) 60 (71,4) 0,84 0,53-1,31 0,44
Colon 51 (62,2) 31 (37,8) 28 (4,1) 54 (65,9)

Differentiation Poor 71 (65,1) 38 (34,9) 1,12 0,87-1,46 0,36 35 (32,1) 74 (67,9) 1,07 0,66-1,75 0,76
Good 33 (57,9) 24 (42,1) 17 (29,8) 40 (70,2)

Stage I 18 (56,3) 14 (43,8) NA NA 0,44 2 (6,3) 30 (93,8) NA NA 0,00
II 32 (59,3) 22 (40,7) 10 (18,5) 44 (81,5)
III 54 (67,5) 26 (32,5) 40 (50) 40 (50)

Relapse Yes 45 (73,8) 16 (26,2) 1,31 1,05-1,64 0,02 49 (80,3) 12 (19,7) 28,11 9,15-86,35 0,00
No 59 (56,2) 46 (43,8) 3 (2,9) 102 (97,1)

Mortality Yes 43 (75,4) 14 (24,6) 1,35 1,08- 1,68 0,014 46 (80,7) 11 (19,3) 14,66 6,66-32,24 0,00
No 61 (56,0) 48 (44,0) 6 (5,5) 103 (94,5)
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significant changes in relations of values observed in posto-
perative monitoring. DD values were RR= 1.02, CI 95%, 
0.80 to 1.29, and CEA values were RR = 0.83, CI 95%, 0.53 
to 1.31. The degree of tumor differentiation was not related 
to preoperative DD and CEA values nor were they related 
to greater recurrence or mortality rates. On the other hand, 
tumor differentiation was significantly related to DD and 
CEA values, with higher values found as the stage of the 
tumor increased (Table 1).

DD and CEA values when relapse and survival were 
diagnosed 

Adjusting for age (under and over 55 years) revealed signi-
ficant differences in the association between diagnoses of 
relapses and preoperative CEA values (RR = 2.01, CI 95%, 
1.49 to 2.70) and postoperative monitoring CEA values 
(RR = 32.4, CI 95%, 9.68 a 108.45). No significant changes 
were found in the preoperative phase (RR = 1.14, CI 95%, 
0.99 to 1.30) and monitoring phase (RR = 1.35, CI 95%, 
1.00 to 1.68) for DD values.

The relationship of relapses diagnosed with preoperative 
values for CEA, but not with DD, presented statistically sig-
nificant differences (p<0.01). This confirms that this tumor 
marker with higher detected values is the better predictor. 
In addition, significant differences were also found for cases 
of mortality (p<0.01) (Table 1). 

No significant differences were found between the sur-
vival curves of the patients with elevated of DD and CEA 
markers and those with normal values during both the 
preoperative and monitoring phases (Figure 1).

DISCUSSION

The processes of tumor growth and metastases require a 
number of steps which occur when there is an appropriate 
environment. For tumor progression, three interrelated 
characteristics are required: growth, invasion and metasta-
sis. First, the neoplastic cells accept the tumor and migrate 
to the lymphovascular and circulatory system. A new niche 
of vascular substitution is established at a site where the 
tumor can survive. Fibrin remodeling is involved in metas-
tasis and neoformation of vessels. The fibrin junctions in 
the extracellular matrix form an extensive frame for the 
migration of endothelial cells during the process of angio-
genesis and also for tumor cell migration during invasion 
(24). 

The ideal tumor marker must offer sufficient informa-
tion for early damage detection of the lesion and establis-
hing a prognosis for the patients. In addition, this method 
must be cheap, highly sensitive and available and easy to 
use. The tumor markers used with the CRC diagnosis 

(CEA, DD, CA 19-9, CA 72-4) have low sensitivity, and 
therefore do not fulfill these criteria. In this study, we eva-
luated the meanings of two tumor markers, D-dimer and 
Carcinoembryonic Antigen, as predictive factors for colo-
rectal cancer prior to the intervention phase and during 
the monitoring phase. This study’s aim was to determine 
recurrence.

On many occasions, the reason for persistent elevation 
of CEA values cannot be determined. Two causes of eleva-
tion are the presence of not yet established metastases and 
incomplete surgery. Nevertheless, smoking, renal failure 
and chronic obstructive pulmonary disease can cause high 
CEA levels in the blood. Other factors affecting CEA levels 
in the postoperative phase can be benign or malignant con-
ditions including intestinal inflammatory disease, pancrea-
titis, liver disease, pulmonary disease and intestinal obs-
truction. Patients with well-known secondary neoplasms 
or altered liver function were excluded from this study. 
There are also postoperative complications such as the pul-
monary diseases (pneumonia, pleural effusion, atelectasis), 
hepatotoxicity and renal disorders caused by anesthesia, 
mechanical obstructions and obstructive ileus which might 
explain increased CEA levels in the post-operative phase 
even when there is no evidence of local or distant relapse. 
We recommended a detailed study of patients with high 
CEA levels during the post-operative phase, but it is also 
important to consider that these levels do not always pre-
dict relapse of colorectal cancer.

The market cost of the CEA test is around 80,000 
Colombian pesos (COP) whereas the cost of the DD test 
is around COP 30,000. DD test monitoring is cheaper and 
more has greater sensitivity for detecting relapse and a hig-
her value for predicting survival factors.

Overall positive results for these markers used prior to 
surgery were 51.2% for CEA and 81.3% for DD. We also 
investigated the correlation between the preoperative CEA 
and DD values with tumor locations, degree of differen-
tiation, stage according to the TNM system, and to recu-
rrence. The tumors located in the rectum presented greater 
increases of DD values (RR 1.22; CI of 95% 1.05-1.42; 
p=0.01) than CEA values.

This is different than the results of other studies (20-22), 
which have found no differences of levels of the Dimer 
related to tumor location (rectum versus colon). It is also 
different from the findings of the studies described by 
Pedrazzani (25) in which D-dimer was higher in tumors of 
the colon than in rectal tumors. In the present work, that 
difference disappeared when the location of the tumor was 
adjusted according to age group. We included observations 
by Oya (21), who found that levels of D-dimer among 
healthy patients and patients affected by colorectal cancer 
increased as the age of the patient increased. This suggests 
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that coagulation activity and the fibrinolysis must increase 
in older patients. We also affirm that D-dimer levels in colo-
rectal cancer patients may not be related solely to the bio-
logical nature of the cancer but also to the coagulation state 
and primary fibrinolysis of the patient. Almost all studies 
agree that larger tumor size, greater penetration and more 
advanced stages are related to high levels of D-dimer (20-
22). CEA and DD values showed no differences related to 
the degree of histological differentiation, and this factor 
was not associated with major relapses or mortality. The 
average values of these markers were smaller in the early 
stages of the CRC than they were in advanced stages (Table 
1).

Blackwell (24) used radiological findings to determine 
that changes in DD values are more frequently related to 
the progression of CRC than are changes of CEA values. 
Generally, high levels of tumor markers are associated with 
more aggressive tumors which in turn cause higher relapse 
rates and shorter periods of survival. When a tumor mar-
ker is evaluated, an important consideration is whether or 
not it works as a prognostic marker for survival. Previous 
studies suggest a predictive role for CEA as well as for DD 
in cases of CRC (4). In this study, CEA values demonstra-
ted prognostic value for recurrence and mortality in the 
preoperative phase, but DD values did not. Comparisons 
of studies are shown in Table 2. 

Figure 1. Survival function during the Preoperative and Monitoring phase for DD and CEA values.
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Many other variables have been evaluated in studies of 
CRC and DD, such as DD and emergency surgery for CRC 
(25), vascular invasion, invasion of lymphatic ganglia, and 
presence of residual disease after surgery. Many have had 
different results, suggesting the possibility that they were 
series dependent with differences which might be partially 
explained by differences among populations studied and 
different methods used to determine DD values.

Currently available methods for determining DD values 
are not identical because the D-dimer antigen is present in 
degradation products of different sizes, and because mono-
clonal antibodies recognize different epitopes. D-dimer 
is not a simple structure with uniform composition. 
Various efforts to convert laboratory results through the 
use of mathematical formulas have not yet been universa-
lly accepted (26). We must also consider that the cut-off 
values of the various tests for D-dimer detection have been 
established using in patients with thromboembolic disease.

CONCLUSIONS

We confirmed that abnormal CEA values have higher 
correlations with the development of tumor stage and that 
CEA has better prognostic value for predicting relapse and 
mortality than do DD elevated values. These markers do 
not discriminate between patient relapse or survival accor-
ding to degree of tumor differentiation, but increases of 
these markers are related to advanced stages of tumors.
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