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ABSTRACT 

Objectives: To use a panel of seven tumor markers for the detection and follow up of colorectal cancer. To 

compare the diagnostic utility of the tumor markers with that of the standard methods. To construct ROC 

curve for the purpose of the best detection of the studied cancer.   

Patients and methods: Fifty two colorectal cancer patients and 30 apparently healthy individuals as a 

control group were studied. They were tested for: carcinoembryonic antigen (CEA), cancer antigen 19-9, 

cancer antigen 72-4 and tissue polypeptide antigen (TPA), two cytokines [interleukin-6 (IL-6)] and vascular 

endothelial growth factor (VEGF)] by using ELISA. Twenty colorectal cancer patients were followed up for a 

period of 3-5 months after surgical resection.  

Results: There was a significant difference (p<0.001) in the diagnostic utility between cancer and control 

group for all the seven tumor markers. In colorectal cancer group, a significant difference (p<0.001) in the 

serum concentration of CEA, TPA, IL-6, VEGF and CRP was detected according to the stage of cancer. No 

significant difference was shown for CA 19-9 and CA 72-4. Using ROC curve analysis, CEA was the best 

diagnostic test. In the follow up group, a significant reduction was found for all the seven investigated 

parameters. 

Conclusion: CEA, CA 19-9, CA 72-4, TPA, IL-6, VEGF and CRP are of considerable diagnostic, prognostic 

and follow up utility. ROC curve is used to enhance the diagnostic accuracy of the studied tumor markers. 
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 الخلاصة

ويمبسَت  ،صخخذاو يجًىعت حخضًٍ صبع يٍ يعهًّبث الأوساو فٍ كشف ويخببعت حبلاث صشطبَبث انمىنىٌ وانًضخمُىإ الأهداف:

جم انكشف الأفضم نهزِ أيٍ ،   ROCيع وضع خظ بُبٍَ َىع ،انشوحُُُت وانمُبصُتانطشق  انفبئذة انخشخُظُت نًعهًبث الأوساو يع

 نضشطبَبث.ا

شخظب صهًُب  03يظببب بضشطبٌ انمىنىٌ وانًضخمُى ببلإضبفت إنً  25حضًج يجًىعت انًشضً  وطرائق العمل: المرضً

( وانًضخضذ CEAجم انكشف عٍ انًضخضذ انضشطبٍَ انجٍُُُ )أكًجًىعت ضببطت. حى جًع عُُبث دو يٍ انًجبيُع انًزكىسة يٍ 

 ،انبطبَت انىعبئُت َخشنىكٍُ انضبدس وعبيم ًَىانُضُجٍ والإ انببخُذ ويضخضذ يخعذد 25-4 انًضخضذ انضشطبٍَ 99-9 انضشطبٍَ

خخذاو فحض حفبعم انلاحكش صئب Cكًب حى لُبس حشكُزانبشوحٍُ انخفبعهٍ  .َزَىديظبص انًُبعٍ انًشحبظ ببلأصخخذاو فحض الإئب

يظببب بضشطبٌ انمىنىٌ وانًضخمُى ورنك بعذ  53ش عهً شهأ 2انً  0 جشاء هزِ انفحىطبث يشة ثبَُت بعذ يشوسإعبدة إ. حى انخهزٍَ

 هى.صخئظبل انىسو نإ

وساو انًضخخذيت نذي انًشضً يمبسَت أظهشث انُخبئج وجىد فشق يعُىٌ فٍ انفبئذة انخشخُظُت نكبفت يعهًبث الأالنتائج: 

يظم يضخضذ انضشطبٍَ انجٍُُُ َجبد فشق يعُىٌ فٍ يضخىي إببنًجًىعت انضببطت. نذي يشضً صشطبٌ انمىنىٌ وانًضخمُى حى 

ببنُضبت نًشاحم انًشع C انخفبعهٍ  ًَى انبطبَت انىعبئُت وانبشوحٍُ َخشنىكٍُ انضبدس وعبيمويضخضذ يخعذد انببخُذ انُضُجٍ والأ

عُذ  .25-4 وانًضخضذ انضشطبٍَ 99-9َجبد فشق يعُىٌ نكم يٍ انًضخضذ انضطحٍ إفٍ حٍُ نى َخى  ،نذي هىلاء انًشضً

فٍ يجًىعت يشضً  عهً لًُت حشخُظُت نًشضً صشطبٌ انمىنىٌ وانًضخمُى.أظهش انًضخضذ انضشطبٍَ انجٍُُُ أ  ROCصخخذاوإ

 هى.صخئظبل انىسو نإَخفبع رو دلانت يعُىَت بعذ إوساو ظهشث جًُع يعهًبث الأأصشطبٌ انمىنىٌ وانًضخمُى انزٍَ حى يخببعخهى 
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ضج فٍ هزِ انذساصت راث فبئذة يهحىظت فٍ انخشخُض وانخُبؤ ويخببعت يشضً وساو انخٍ لٌُ جًُع يعهًّبث الأإستنتاجات: الإ

 َشفع انفبئذة انخشخُظُت نًعهًبث الأوساو. ROC curveحطبُك خظ بُبٍَ َىع وإٌ انمىنىٌ وانًضخمُى. 

 

INTRODUCTION 
 

ancers of colon and rectum represent more 

than 15% of all cancers worldwide.
1
 

Colorectal cancer is the second most common 

cause of cancer-related death in Western countries 

after lung cancer in men and breast cancer in 

women.
2
 Carcinoma of the colon was ranked as 

the sixth cancer among the top ten cancers in 

Mosul.
3
 Identification of cancer biomarkers is one 

of the most promising approaches for the detection 

of early stage malignant or even pre-malignant 

lesion with a simple blood test.
4
 As there is no 

ideal tumor marker, the usage of a panel with two 

or more approved markers can contribute to the 

improvement in sensitivity and diagnostic efficacy.
5
 

Carcinoembryonic antigen (CEA) is a complex 

glycoprotein that is associated with the plasma 

membrane of tumor cells from which it may be 

released into the blood.
6
  

   Cancer antigen 19-9 is an example of type 1 

terminal carbohydrate structure and plays an 

important role in cell adhesion and local tumor 

invasiveness and metastasis.
7
 Cancer antigen 72-

4 is a high molecular weight mucin glycoprotein 

detectable in the sera of patients with a variety of 

gastrointestinal adenocarcinomas.
8
 Tissue 

polypeptide antigen is a complex of polypeptide 

filaments of the cytokeratin 8, 18 and 19. It 

represents the most abundant cytokeratin pattern 

in malignant epithelial differentiation.
9
 Interleukin-6 

is a potent pleiotropic inflammatory cytokine that 

causes carcinogenesis through several signal 

pathways involved in carcinogenesis and 

metastasis.
10

 Vascular endothelial growth factor is 

overexpressed by the majority of solid human 

tumors,  where it can be produced by the tumor 

cells themselves or by stromal cells.
11

 The 

importance of the serum elevation of CRP in the 

tumorigenesis and pathogenesis of some cancers 

such as colorectal cancer has become a focus of 

much attention.
12

  
 

PATIENTS AND METHODS 
This case-control study was conducted between 1

st
 

April 2008 and 30
th
 April 2009. The patients were 

recruited mainly from the Endoscopic Units in Al-

Jamhuri and Ibn Sina Teaching Hospitals, Surgical 

Wards in Al-Jamhuri Teaching Hospital and from 

Oncology and Nuclear Medicine Hospital. A total of 

82 patients were included, 52 were colorectal 

cancer patients and 30 were apparently healthy 

individuals as a control group. The patients were 

clinically and histologically verified as colorectal 

carcinoma with age range of 26-75 years. The 

cases comprised 25 males and 27 females. 

Twenty of the 52 patients were followed up post-

operatively for a period of 3-5 months. Peripheral 

blood samples were obtained from the patients 

pre-operatively. All sera were aliquoted and kept 

frozen at -20ºc until use. The CEA, CA 19-9, CA 

72-4, TPA, IL-6 and VEGF were measured by 

using solid phase ELISA kits supplied by DRG 

instruments GmbH, Germany. The CRP was 

measured using a CRP latex test kit supplied by 

Plasmatec, UK. 
 

Statistical Analyses: Statistical analyses were 

computer assisted using SPSS VERSION 10. 

Paired, unpaired t-tests and Chi-square were used 

for all the dual comparisons. All the statistical 

results were considered significant at p equal to 

0.05 or less.
13

  
 

RESULTS   

The mean serum levels of CEA, CA 19-9, CA 72-4, 

TPA, IL-6 and VEGF preoperatively were 

significantly higher (p=0.001) in patients with 

colorectal cancer than in the control group Table 1. 

The frequencies of levels of ≤ 6 mg/L in the control 

group was significantly higher (p<0.001) than in the 

colorectal cancer patients and vice versa for 

levels>12 mg/L up to 192 mg/L Table 2. The mean 

serum level of CEA, CA19-9, TPA, IL-6 and VEGF 

were the highest among patients with modified 

Dukes D stage Table 3 with significant difference 

(p<0.001) between this stage and other stages 

(p<0.001). For the serum tumor marker CA 72-4, 

no significant difference was found. Patients with 

modified Dukes D stage colorectal cancer showed 

a significant higher (p < 0.001) frequencies of CRP 

level of 48-192 mg/L than in patients with modified 

Dukes A, B and C Table 4.  

 
 

C 
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Table 1. Comparison of serum tumor markers between cases and control using unpaired t – test. 

Markers Groups N Mean SD Range p-value 

CEA (ng/ml) 
Control 30 3.37 1.4 1- 8 

<0.001 
Colorectal 52 26.63 25.27 2.5-87 

CA19-9 (U/ml) 
Control 30 28.53 6.07 19-47 

<0.001 
Colorectal 52 77.44 69.46 21-230 

CA72-4 (U/ml) 
Control 30 3.47 1.11 1-5 

0.001 
Colorectal 52 12.78 16.69 1.5- 61 

TPA (ng/ml) 
Control 30 0.92 0.50 0.1-2 

<0.001 
Colorectal 52 10.07 12.2 0.2-52 

IL-6 (pg/ml) 
Control 30 7.37 2.72 4-18 

0.001 
Colorectal 52 39.56 48.81 4-187 

VEGF (pg/ml) 
Control 30 166.47 148.3 50 

<0.001 
Colorectal 52 721.06 665.1 50 

 

Table 2. CRP for patients and control. 

Group 
CRP (mg/L) 

Control Colorectal 
p-value 

No. % No. % 

<6 24 80.0 18 34.6 

<0.001 

6 3 10.0 1 1.9 

12 2 6.7 3 5.8 

24 1 3.3 9 17.3 

48 0 0.0 13 25.0 

96 0 0.0 7 13.5 

192 0 0.0 1 1.9 

Total 30 100 52 100  

 Using Fisher Freeman Halton test. 
 

Table 3. Relationship between measured tumor markers and stage of colorectal cancer. 

Parameters Stage No Mean SD Range p-value 

CEA (ng/ml) 

A 2 3.50 a 0.71 3- 4 

<0.001* 
B 19 9.43 a 8.99 2.5-28 

C 23 25.71 b 14.55 3- 46 

D 8 75.88 c 6.88 68-87 

CA19-9 (U/ml) 

A 2 26.50 a 0.71 26-27 

<0.05* 

0.094 (NS) 

B 19 80.2 ab 60.68 21-185 

C 23 62.3 ab 58.92 25- 198 

D 8 127.13 b 102.17 29-230 

CA 72-4 (U/ml) 

A 2 3.55 a 0.92 2.9-4.2 

<0.05* 

0.355 (NS) 

B 19 8.48 a 10.05 1.5-39 

C 23 16.93 b 20.05 2-61 

D 8 13.38 ab 19.33 3-58 

TPA (ng/ml) 

A 2 4.30 a 1.84 3-5.6 

<0.001* 
B 19 5.22 a 6.22 0.2- 22 

C 23 8.58 a 8.12 0.2- 25 

D 8 27.31 b 18.89 0.2-52 

IL-6 (pg/ml) 

A 2 8.00 a 1.41 7-9 

<0.001* 
B 19 13.42 a 8.7 4- 33 

C 23 28.57 a 24.03 4- 78 

D 8 141.13 b 32 100-187 

VEGF (pg/ml) 

A 2 65.00 a 21.21 50-80 

<0.001* 
B 19 390.8 ab 322.52 50-920 

C 23 627.83 b 507.96 50-2000 

D 8 1937.5 c 74.4 1800- 2000 
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Table 4. CRP and colorectal cancer stage⃰. 

Stage 
CRP (mg/L) 

A B C D 
p-value 

No. % No. % No. % No. % 

<6 2 100 10 52.6 6 26.2 0 0.0 

<0.001 

6 0 0.0 0 0.0 1 4.3 0 0.0 

12 0 0.0 2 10.5 1 4.3 0 0.0 

24 0 0.0 5 26.4 4 17.4 0 0.0 

48 0 0.0 2 10.5 7 30.4 4 50.0 

96 0 0.0 0 0.0 4 17.4 3 37.5 

192 0 0.0 0 0.0 0 0.0 1 12.5 

Total 2 100 19 10 23 100 8 100  

⃰Using Fisher Freeman Halton test. 

NS = Not significant according to the analysis of variance (ANOVA), means with different letters vertically have significant difference at 

p<0.05 for each marker. 
 

In colorectal cancer patients: The ROC curve of 

CEA (red line) was the highest among other tumor 

markers curves (Figure 1). ROC area for the 

measured parameters for the diagnosis of 

colorectal cancer. CEA shows the highest area 

under the curve, closest to the optimal sensitivity 

and specificity (criterion 0, 1.00). 

   The twenty followed up patients showed a 

significant difference between the preoperative and 

postoperative mean values of the seven tumor 

markers (Table 5, 6). 
 

Table 5. Comparison of the preoperative and 
postoperative means of serum tumor markers in the 
follow up colorectal cancer group. 

Markers Period Mean SD 
p-

value 

CEA( ng/ml) 
Preoperation 23.1 22.97 

0.018 
Postoperation 14.41 14.08 

CA19-9 

(U/ml) 

Preoperation 85.85 73.83 
0.011 

Postoperation 52.05 33.25 

CA72-4 

(U/ml) 

Preoperation 11.11 15.2 
0.047 

Postoperation 5.41 3.97 

TPA (ng/ml) 
Preoperation 8.46 11.05 

0.037 
Postoperation 3.89 5.39 

IL-6( pg/ml) 
Preoperation 27.5 36.09 

0.041 
Postoperation 12.88 15.1 

VEGF 

(pg/ml) 

Preoperation 698.5 659.92 
0.001 

Postoperation 338.2 302.93 

 

Table 6. CRP frequency in the follow up colorectal 

cancer patients. 

CRP 
Pre operation Post operation p-

value No. % No. % 

0 5 25.0 4 20.0 

0.026 

6 1 5.0 3 15.0 

12 2 10.0 3 15.0 

24 5 25.0 9 45.0 

48 6 30.0 1 5.0 

96 1 5.0 0 0.0 

Total 20 100 20 100  

Using Wilcoxon paired Z-test. 

Fiqure 1. 
 

DISCUSSION 

Our results are in agreement with studies on 

colorectal cancer patients that also demonstrated 

significant higher serum levels of CEA in 

comparison with the control group.
14,15

 

Carcinoembryonic antigen is an intracellular 

adhesion molecule that is up-regulated in 

colorectal  cancer.
16

  Our results were comparable 

with that of Meteoglu and Coworkers
17

 who found 

that serum CEA was correlated well with Dukes 

staging in colorectal cancer. The production of 

CEA by tumor cells has been described as a linear 

relationship between cell number and serum CEA. 
18

 Significant higher levels of serum CA 19-9 in the 

cancer group patients compared to the control 

group were found, however, no significant 

correlation with staging of the disease was found. 

   Previous studies demonstrated that CA 19-9 was 

a sensitive tumor marker and its level increases as 

ROC Curve
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the disease spreads without significant relationship 

with tumor staging.
19,20

 The significant elevated 

serum concentration of CA 72-4 in cancer group 

compared to control group is due to increase 

expression of this tumor mucin antigen in cancer 

patients. In contrast, the non-significant difference 

in CA 72-4 serum level with regard to colorectal 

cancer staging noticed in the current study was 

also demonstrated by Phlebani and Coworkers.
20

 

The mean serum level of TPA was found to be 

higher in cancer patients group than in the control 

group in the current study. These findings are due 

to the overexpression of TPA in proliferating 

malignant tumors.
21

 It was found that TPA is a 

sensitive test in determining the stage of colorectal 

neoplastic process according to modified Dukes 

staging.
22

 

   The results are comparable with others who 

found that the serum level of IL-6 was significantly 

higher in cancer patients when compared to 

healthy subjects.
23

 The elevated IL-6 may be due 

to its production by cancer cells and the other 

possibility is that IL-6 is produced as a result of 

immunologic response to cancer.
24

 Interleukin-6 

levels have increased in a stage-related manner. 

Two studies showed a significant high 

concentration of IL-6 in the advanced stages of 

colorectal cancer and in patients with non-

resectable tumors.
25,26

  

   The level of VEGF was significantly higher in 

cancer patients than in the control group.  This 

may be explained by the fact that VEGF plays an 

important role in angiogenesis involved in the 

growth and metastatic spread of solid tumors.
27

 

Vascular endothelial growth factor levels were 

proportionally increased with the stage of cancer in 

colorectal cancer patients. These findings were 

consistent with results from other studies.
28-30 

 

   The present study also showed that the elevated 

serum CRP levels were clearly associated with the 

stage of the disease in colorectal cancer patients 

(Tables 3, 4).  In a study of 172 patients with 

colorectal cancer, the CRP levels were associated 

with larger tumor size, lymph node or liver 

metastasis and advanced modified Dukes stage.
31

 

From the constructed ROC curve for the 

identification from the panel of tumor markers 

those with the greatest discriminatory power for the 

diagnosis of colorectal cancer, CEA was found to 

be the best tumor marker. These results are in 

agreement with that of Holmstrom and 

Coworkers
32

 who found by estimating the 

probability of cancer with several tumor markers in 

204 colorectal cancer patients using ROC curve, 

that the highest AUC was observed for CEA. The 

level of tumor markers that were receded to lower 

levels after surgical resection observed in this 

study has been also reported in previous studies 

on colorectal cancer patients.
9,33-35

 

   In the current study, all the colorectal cancer 

follow up group showed a marked decrease in the 

tumor markers except two patients. They showed a 

rise in the serum level of CEA, TPA, IL-6 and CRP. 

A diagnosis of recurrent disease was proved in 

both cases endoscopically and histopathologically. 

Similar studies showed that these markers were 

the most sensitive indices of recurrence.
20,33,36,37

 

Early detection of colorectal cancer relapse is an 

important factor in reducing cancer mortality.
38

  
 

CONCLUSION  

CEA, CA 19-9, CA 72-4, TPA, IL-6, VEGF and 

CRP are of considerable diagnostic, prognostic 

and follow up utility. ROC curve is used to enhance 

the diagnostic accuracy of the studied tumor 

markers.  
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