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Abstract 

Colorectal cancer (CRC) is one of the most common 

forms of gastrointestinal malignancies in the world 1. CRC 

ranks as third most common overall cancer. Compared to 

the Western world, the incidence rates of colorectal cancer 

are low in India; for colon cancer they vary from 0.7 to 

3.7/100,000 among men and 0.4 to 3/100,000 among 

women, and for rectal cancer from 1.6 to 5.5/100,000 

among men and 0 to 2.8/10 0,000 among women2 ,3. 

Colorectal adenocarcinomas develop in the lining of the 

colon or rectum, which make up the large intestine. They 

tend to start in the inner lining and then spread to other 

layers. Adenocarcinoma of the colon and rectum is the 

third most common site of new cancer cases. 

Carcinoembryonic antigen (CEA) is one of the oldest and 

best characterized tumor markers of all. Gold and 

Freedman discovered CEA in 1965 4. Initially, CEA was 

believed to be expressed during fetal life, absent in adult 

life and re-expressed in cancer cells. Today we know that 

CEA is expressed in adult tissue as well, but with a 

restricted expression pat tern found mainly in the 

epithelial cells in the colon. The protein was detected in 

only cancer and embryonic tissue; it was given the name 

Carcinoembryonic antigen 4. In general, the clinical value 

of CEA in the management of colorectal cancer can be 

divided in to preoperative assessment of the extent and 

outcome of the tumor. This study is done to correlate the 

preoperative CEA levels with stage and tumor 

characteristics in colorectal adenocarcinoma. 

Aim: To analyze pre-operative CEA levels in relation to 

stage and tumor (clinic-pathological) characteristics in 

colorectal adenocarcinoma.  

• Age  

• Gender   

• Pre-operative albumin levels   

• Colon vs rectum  

• Site of the tumor   

• Grading of the tumor.  

• Stage of the disease   

• Tumor size 

Materials and Methods: A total of 50 patients who were 

diagnosed with colorectal adenocarcinoma undergoing 

curative resection were included in the study. Serum CEA 

was measured preoperatively by chemiluminescence 

immunoassay method (CLIA) in patients undergoing 

colon and rectal cancer resections. 

Inclusion Criteria 

• Age group above 18years  

• Patients diagnosed to have colorectal adenocarcinoma  

• Cases of potentially resectable colorectal 

adenocarcinomas   

Exclusion Criteria  

• Patients with non resectable tumors  

http://www.ijmacr.com/
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• Patients underwent neo adjuvant chemotherapy  

• Recurrent tumors 

Colonic tumour proximal to the splenic flexure was 

classified as right sided and those between splenic flexure 

and rectosigmoid junction as left sided. Tumors distal to 

the rectosigmoid junction were considered to be rectal. 

The results are analyzed. 

Results: A total of 50 patients who were diagnosed with 

colorectal adenocarcinoma undergoing curative resection 

were included in the study. Pre operative CEA levels was 

measured and are analysed with the following variables. 

Age with CEA 

 

Age (Years)  
CEA (ng/ml)  

Total  
> 5  < 5  

18 - 40 yrs  

Count  2  5  7  

% within CEA  29%  71.4%  100%  

41 - 60 yrs  

Count  8  17  25  

% within CEA  32%  68%  100%  

> 60 yrs  

Count  8  10  18  

% within CEA  44.4%  56%  100%  

Total  

Count  18  32  50  

% within CEA  36%  64%  100.0%  

• The mean age of the patients 55.5. 

• Of the 50 patients in the study group, majority of the 

patients were in the age group of 41-60 years (25), out of 

which 32% (8) had CEA >5 ng/ml and 68% (17) had 

CEA < 5ng/ml respectively.  

• In our study patients older than 60 yrs had greater 

positivity of CEA > 5ng/ml (44.4%) in comparison with < 

40 yrs where only 29% had CEA >5 ng/ml and was found 

to be statistically insignificant. (p value = 0.731).  

Gender with CEA 
Gender  CEA (Ng/Ml)  Total  

> 5  < 5  

Female  Count  7  17  24  

% within CEA  29.1%  70.9%  100%  

Male  Count  11  15  26  

% within CEA  42.3%  57.7%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 
• Majority of the patients in the study group were 

males (26).  

• Higher percentage of CEA >5 ng/ml was observed 

in men (42.3%) when compared to females 

(29.1%), however the p value was 0.388 which 

was statistically insignificant.  

Smoking History With CEA 
Smoking History  CEA (ng/ml)  Total  

> 5  < 5  

Non smoker  Count  17  28  45  

% within CEA  37.8%  62.2%  100%  
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Smoker  Count  1  4  5  

% within CEA  20%  80%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 

 
• In the study group, majority of 45 patients were non 

smokers out of which 17 (37.8%) had CEA >5ng/ml 

and 28 (62.2%) had CEA <5ng/ml.  

• Whereas, Only 5 patients in the study group were 

smokers of whom 1 (20%) had CEA >5 ng/ml and 4 

(80%) had CEA  <5ng/ml, which was statistically 

insignificant (p value = 0.642) 

Albumin Levels With CEA 
ALBUMIN 

LEVELS mg/dl)  

CEA (ng/ml)  Total  

> 5  < 5  

< 3.5  Count  11  24  35  

% 

within 

CEA  

31.4%  68.6%  100%  

> 3.5  Count  7  8  15  

% 

within 

CEA  

46.7%  53.3%  100%  

Total  Count  18  32  50  

% 

within 

CEA  

36%  64%  100.0%  

When comparing serum albumin levels with CEA 

levels,  35 patients had hypoalbuminemia  of whom  

11 (31.4%) had CEA > 5 ng/ml and 24 (68.6%)had  

CEA < 5 ng/ml.  

15 patients had >3.5 albumin levels out of which 7 

(46.7%) had CEA > 5ng/ml and 8 (53.3%) had CEA 

<5ng/ml.  

Higher percentage of patients (46.7%) with normal 

albumin levels had CEA >5ng/ml in comparison to 

hypoalbuminemia (31.4%).  

• However the comparison  between albumin and CEA 

levels were statistically insignificant. (p value = 0.304).  

Location of Tumour with CEA 
LOCATION OF TUMOUR  CEA (ng/ml)  Total  

> 5  < 5  

CAECUM  Count  3  4  7  

% within CEA  42.9%  57.1%  100%  

ASCENDING  

COLON  

Count  2  7  9  

% within CEA  22.2%  77.8%  100%  

HEPATIC 

FLEXURE  

Count  1  1  2  

% within CEA  50%  50%  100%  

TRANSVERSE  

COLON  

Count  1  0  1  

% within CEA  100%  0%  100%  

SPLENIC 

FLEXURE  

Count  1  2  3  

% within CEA  33.3%  66.7%  100%  

DESCENDING  

COLON  

Count  0  3  3  

% within CEA  0.0%  100%  100%  

RECTO SIGMOID  Count  2  1  3  

% within CEA  66.7%  33.3%  100%  

SIGMOID  Count  6  5  11  

% within CEA  54.5%  45.4%  100%  

RECTUM  Count  2  8  10  

% within CEA  20%  80%  100%  

Total  Count  18  32  50  
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% within CEA  36%  64%  100.0%  

 

• In this study the most frequent site of 

malignancy was sigmoid colon (11) followed 

by the rectum (10) and ascending colon (9).  

• Higher percentage of CEA > 5ng/ml was noted 

in the rectosigmoid (66.7%) followed by 

sigmoid (54.5%) when compared to rest of the 

colon.  

• However it was statistically insignificant with 

the p value of 0.393. 

Right Vs Left (Laterality)   
Right VS Left (Laterality)  CEA (ng/ml)  Total  

> 5  < 5  

RIGHT 

SIDE  

  

Count  7  13  20  

% within CEA  35%  65%  100%  

LEFT 

SIDE  

Count  11  19  30  

% within CEA  36.6%  63.4%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 

• Right and left side of the colon constitutes 20 

and 30.  

• Slightly higher percentage of  CEA>5 ng/ml 

was noted in the left colon (36.6%) vs right 

colon (35%).  

• However, In this study on comparing right vs 

left and level of CEA was found to be 

statistically insignificant.(p value = 0.5).  

Colon Vs Rectum with CEA 

Site Of Tumour  CEA (ng/ml)  Total  

> 5  < 5  

COLON  Count  16  24  40  

% within CEA  40%  60%  100%  

RECTUM  Count  2  8  10  

% within CEA  20%  80%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 
• Out of 50 patients in the study group, 40  patients 

constitutes  tumour in the colon of whom 16 

(40%) found with  CEA >5ng/ml .  

• Whereas,10 patients constitutes tumour in the 

rectum of whom 2 (20%) had CEA > 5ng/ml  

• Hence, In this study on comparing colon vs 

rectum and level of CEA was found to be 

statistically insignificant with p value =  0.287.  
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Grading of Tumour 
Grading of Tumour  CEA (ng/ml)  Total  

> 5  < 5  

Well 

differentiated  

Count  2  3  5  

% 

within 

CEA  

40%  60%  100%  

Moderate  Count  14  24  38  

% 

within 

CEA  

36.8%  63.1%  100%  

Poor  Count  2  5  7  

% 

within 

CEA  

28.6%  71.4%  100%  

Total  Count  18  32  50  

% 

within 

CEA  

36%  64%  100.0%  

 

• In this study majority of the patients had 

moderately differentiated tumour (76%).  

• Whereas, higher percentage of CEA > 5ng/ml 

was noted in the well differentiated tumour 

(40%) compared to moderate (36.8%) and 

poorly differentiated tumour (28.6%).  

• In this study, on correlation of the tumour 

differentiation with CEA levels were found to 

be statistically insignificant (p value = 0.898).  

 

Depth of Tumor Invasion With CEA 
Depth of Tumor Invasion   CEA (ng/ml)  Total  

> 5  < 5  

T2  Count  10  9  19  

% within CEA  52.6%  47.3%  100%  

T3  Count  4  15  19  

% within CEA  21.0%  78.9%  100%  

T4  Count  4  8  12  

% within CEA  33.3%  66.7%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 

• None of the patients in this study group has T1 

lesion.  

• Majority belongs to T2 and T3 lesion with 19 

patients each.  

• On analysis of  CEA, patients with T2 lesions 

had higher percentage of  CEA > 5 ng/ml  ( 

52.6% ) when compared with other stages. 

• On statistical analysis, elevated CEA in T2 was 

statistically significant with p value= 0.05.  

Nodal Status with CEA 
NODAL STATUS  CEA(ng/ml)  Total  

> 5  < 5  

Count  8  17  25  
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% within CEA  32%  68%  100%  

Count  3  7  10  

% within CEA  30%  70%  100%  

Count  7  8  15  

% within CEA  46.7%  53.3%  100%  

Total  Count  18  32  50  

% 

within 

CEA  

36%  64%  100.0%  

 

 
• In this study majority of patients had N0 disease.  

• It was observed that N2 patients had higher CEA 

levels when compared to other nodal status.  

• However, on statistical analysis between different 

nodal status and CEA was statistically 

insignificant with p value = 0.588.  

Stage with CEA 
STAGE  CEA(ng/ml)  Total  

> 5  < 5  

STAGE 1  Count  7  8  15  

% within CEA  46.7%  53.3%  100%  

STAGE 2  Count  1  7  8  

% within CEA  12.5%  87.5%  100%  

STAGE 3  Count  10  13  23  

% within CEA  43.5%  56.5%  100%  

STAGE 4  Count  0  4  4  

% within CEA  0.0%  100%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 
• In this study majority of the patients belongs to stage 

3 (23).  

• Higher percentage of elevated CEA level was noted 

in stage 1 (46.7%) and stage 3 (43.5%) respectively.  

• However on comparison of stage of disease with CEA 

levels was found to be statistically insignificant with p 

value = 0.141.  

Tumour Size with CEA 
Tumour Size (cm)  CEA (ng/ml)  Total  

> 5  < 5  

< 5cm  Count  1  7  8  

% within CEA  12.5%  87.5%  100%  

> 5cm  Count  17  25  42  

% within CEA  40.4%  59.5%  100%  

Total  Count  18  32  50  

% within CEA  36%  64%  100.0%  

 
• On assessing tumour size with CEA levels, majority 

of patients (42) had tumour diameter > 5cm. 
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• Higher percentage of CEA > 5ng/ml (40.4%) was 

noted in patients with tumour diameter of size > 

5cm.  

• However, the relation between tumour size and CEA 

levels was not statistically significant (p = 0.06).  

Discussion  

Colorectal cancer (CRC) accounts for 13% of all cancers, 

it represents the third most common neoplasia. Prognosis 

of CRC patients is dependent on several factors: 

pathological, clinical and biological. Although pathologic 

stage is useful and essential for predicting prognosis in 

CRC patients, it is difficult to determine in an accurate 

way the stage prior to the surgical treatment. Thus, it is 

necessary to identify promising prognostic factors that 

could preoperatively identify patients at high risk of 

recurrences after surgery or with a bad survival prognosis.    

Carcinoembryonic Antigen (CEA) an intracellular protein 

is the most commonly used tumor associated antigens 

used in pre and post operative surveillance of patients 

with colorectal cancer.    

Primary CRCs are commonly CEA-negative, even though 

90% of tumors can be shown to produce CEA. An 

explanation for this occurrence is that CEA produced by 

CRCs (except for very low rectal tumors) enters the portal 

venous circulation and is extracted on the  first pass 

through the liver.  

This is a prospective study to analyze the CEA levels in 

relation to age, gender, location of tumour, Tand N stage 

of the disease, tumour differentiation, and tumour 

diameter in colorectal adenocarcinoma, some of which 

would probably influence the CEA levels.  

Patient factor variables like smoking habits, diabetes 

mellitus, albumin levels were also analyzed with the pre 

operative of CEA levels.  

 

 

Age 

In our study the age group of patients ranged from 18-80 

yrs, and  the mean age group of patients was  55.54. 

Higher percentage of   Out of 18 patients with CEA > 

5ng/ml, patients in the age group > 60 years had a greater 

positivity of 44.4%.   

In a study done by Zhenqiang sun et al124 showed that 

the age group < 60 yrs (62.2%) had greater positivity of 

CEA levels when compared to other age group.   

AGE  

OUR STUDY  ZHENQIANG SIUN et al  

CEA >5 

ng/ml 

(N=18)  

CEA 

<5ng/m

l 

(N=32)  

CEA>5ng/ml 

(N=1218)  

CEA<5ng/ml 

(N=817)  

< 60  

YEARS  
31.2%  68.8%  62.2%  37.7%  

> 60  

YEARS  
44.4%  56%  57.9%  42.9%  

Gender 

• Out of 50 patients in the study group, 52% were males 

and 48% were females. In this study elevated CEA 

levels were noted more in males (42.3%) than in 

females (29.1%), however it was  not statistically 

significant.(p = 0.388).   

• Graziosi et al125 reported that slightly higher 

percentage of elevated CEA levels was noted in 

females (32.9%) when compared to males (31.7%).  
Gender  Our Study  Graziosi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=70)  

CEA <5 

ng/ml  

(N=147)  

Male  42.3%  57.7%  31.7%  68.2%  

Female  29%  70.9%  32.9%  67.0%  

 Albumin Levels With CEA  

• In this study, 75% of patients had hypoalbuminemia 

and 25% had normal albumin levels.   

• Higher percentage of elevated CEA levels was noted 

in patients with normal albumin levels (46.7%) when 
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compared to hypoalbuminemia (31.4%). however the 

comparison between albumin and CEA levels are not 

statistically significant (p = 0.304).   

• In the study conducted by Graziosi et al125, 43.8% of 

patients with hypoalbuminemia and 27.9% with 

normal albumin levels had CEA >5ng/ml, which 

showed statistically significant difference between 

serum albumin and elevated CEA levels.  
Albumin  

With   

CEA  

Our Study  Graziosi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=65)  

CEA <5 

ng/ml  

(N=135)  

< 3.5  31.4%  68.6%  43.8%  56.1%  

> 3.5  46.7%  53.3%  27.9%  72.0%  

 Right Vs Left (Laterality) With CEA 

• In this study group of 50 patients right and left side of 

the colon constitutes 20 and 30 patients. Slightly 

higher percentage of  elevated CEA was noted in the 

left colon (36.6%) vs right colon (35%), the 

relationship between the right vs left colon and CEA 

levels was not statistically significant (p value = 0.5).   

• Graziosi et al125 in his study reported to have 31% of 

patients with  tumour in right side and 33.3% in the 

left side with elevated CEA levels, which was similar 

to our study.  
 Right Vs  

Left  

(Laterality)  

Our Study  Graziosi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=70)  

CEA <5 

ng/ml  

(N=147)  

Right side  35%  65%  31%  68.9%  

Left side  36.6%  63.4%  33.3%  66.6%  

  

 

 

Colon Vs Rectum with CEA 

• Out of 50 patients in this study, 40 patients   had 

tumour in colon and 10 patients had tumour in rectum. 

Higher percentage of CEA >5ng/ml was noted in the 

colon (40%) when compared with rectum (20%) 

however the site of tumour with CEA levels was not 

statistically significant. p value =  0.287.   

• Zhenqiang Sun et al124 showed 61.3% with tumour in 

the colon and 58.7% in the rectum had CEA > 5ng/ml, 

which was not significant  and correlates with  this 

study.  
 Site Of  

Tumour  

With 

CEA.  

Our Study  Zhenqiang Sun Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=1218)  

CEA <5 

ng/ml  

(N=817)  

Colon  40%  60%  61.3%  38.6%  

Rectum  20%  80%  58.7%  41.2%  

 Depth of Tumour Invasion with CEA 

• In this study, none of the patients had T1 lesions, T2 

and T3 lesions constitutes of 19 patients each and T4 

lesions with 12 patients. Higher percentage of 

elevated CEA levels were noted in T2 (52.6%) when 

compared to T3 (21%) and T4 (33.3%), no 

progressive increase in CEA levels was noted with 

depth of invasion.   

• However, Sub analysis showed T2 had higher 

percentage of patients with CEA>5ng/ml and was 

statistically significant.(p value=0.05).   

• Graziosi et al125 in his study showed higher 

percentage of elevated CEA levels with progression of 

depth of invasion (T1-0%, T2- 21.27%, T3- 36.3%, 

T4-50%) and found to have significant association 

with T stage .  
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Depth Of 

Tumor  

Invasion 

With  

CEA  

Our Study  Graziosi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=70)  

CEA <5 

ng/ml  

(N=147)  

T1  -  -  0%  100%  

T2  52.6%  47.3%  21.27%  78.7%  

T3  21%  78.9%  36.3%  63.6%  

T4  33.3%  66.7%  50%  50%  

Nodal Status with CEA 

• Out of 50 patients in this study group, majority of 

patients had N0 nodal status (25), N1 (10) and N2 

(15).  N2 patients had higher CEA levels (46.7%) 

when compared to the other nodal status (N0 32%, 

N1-30%). On statistical analysis between nodal status 

and CEA was statistically insignificant (p= 0.588).  

• Graziosi et al125 in his study showed higher 

percentage of elevated CEA levels with increase in 

number of nodes involved (N0 -7.4%, N1-37.5%, N2- 

42.1%) and was statistically insignificant.  
 Nodal 

Status 

With 

CEA  

Our Study  Graziosi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=70)  

CEA <5 ng/ml  

(N=147)  

N0  32%  68%  27.4%  72.5%  

N1  30%  70%  37.5%  62.5%  

N2  46.7%  53.3%  42.1%  57.9%  

Stage with CEA 

Out of 50 patients in our study, majority of the patients 

belongs to stage 3 (23).  Higher percentage of elevated 

CEA level was noted in stage 1 (46.7%) and stage 3 

(43.5%) respectively. But no statistically significant 

correlation was detected between CEA levels and stage of 

disease (p = 0.141).   

Topdagi et al126 reported that higher percentage of 

elevated CEA levels was noted in stage 4 (48.4%) and 

stage 2 (38.1%) when compared to other stages.  

 

Stage 

With 

CEA  

Our Study  Topdagi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=98)  

CEA <5 

ng/ml  

(N=149)  

Stage 1  46.7%  53.3%  31.5%  68.4%  

Stage 2  12.5%  87.5%  38.1%  61.8%  

Stage 3  43.5%  56.5%  32%  67.9%  

Stage 4  -  100%  48.4%  51.5%  

Grading of Tumour with CEA  

• In this study, with regards to grading of tumours 38 

patients had moderately differentiated tumours (76%). 

Higher percentage of elevated CEA levels was noted 

in well differentiated tumour (40%) when compared 

to moderate (36.8%) and poorly differentiated 

(28.6%) and no statistically significant difference 

were detected (p = 0.898).  

• Study done by Topdagi et al126 revealed that 18.5% 

had well differentiated tumour, 37.8% had moderately 

differentiated and 50% had poorly differentiated 

tumour with CEA > 5 ng/ml.  
Grading Of  

Tumour With  

Cea  

Our Study  Topdagi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=92)  

CEA <5 

ng/ml  

(N=48)  

Well 

differentiated  

40%  60%  18.5%  81.4%  

Moderate  36.8%  63.1%  37.8%  62.1%  

Poor  28.6%  71.4%  50%  50%  

Tumour Size with CEA 

• In this study tumour size was evaluated with CEA 

levels in which 42 patients predominantly had tumour 

size of > 5cm, 8 patients had tumour size of < 5cm.   

• Higher percentage of elevated CEA levels was noted 

in tumour size > 5cm (40.4%) compared to tumour 

size < 5cm (12.5%).  On statistical analysis between 

tumour size and CEA was found to be insignificant. 

(P value = 0.06).   
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• Study done by Topdagi et al126 reported that 40% of 

patients to have tumour size of < 5cm, 38.1% with 

tumour size of > 5cm had CEA > 5 ng/ml, and found 

no statistical significant correlation was detected.  
Tumour 

Size  

Our Study  Topdagi Et Al  

CEA >5 

ng/ml  

(N=18)  

CEA <5 

ng/ml  

(N=32)  

CEA >5 

ng/ml  

(N=97)  

CEA <5 

ng/ml  

(N=150)  

< 5CM  12.5%  87.5%  40%  60%  

> 5CM  40.4%  59.5%  38.1%  61.8%  

Conclusion  

Although elevated CEA levels were observed in males, in 

patients of the age group >60 years, tumour in 

rectosigmoid, T2, N2 lesions, stage 1 tumour, well 

differentiated tumours and tumour size >5cm,   statistical 

analysis of all the above variables was found to be 

insignificant.  

Hence we conclude that there is no correlation between 

the elevated CEA levels, tumour and clinicopathological 

variables in colorectal adenocarcinoma in this study.  

This being a prospective study in a small population, a 

similar study with a large sample size may be required to 

substantiate the results of this study.  
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