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Abstract: 

Colorectal cancer (CRC) is one of the most common cancer related causes of morbidity and 

mortality in developed countries. Tumor markers are substances synthesized and excreted by 

tumor tissues that can be detected in abnormal concentrations in serum, urine, and other body 

fluids. This study attempted to investigate whether CEA and CA 19-9 levels can be used to 

monitor the response of chemotherapy in patients with colorectal cancer (CRC). This study 

included 100 patients with CRC admitted to National Cancer Institute (NCI-Sudan) to receive 

chemotherapy, the concentration of CEA and CA 19-9 levels were measured pre and post 

chemotherapy in which all patients with CRC received chemotherapy with a 5-fluorouracil 

(5-FU). Patients with CRC showed a highly significant increase (p < 0.01) of CEA levels 

between pre and post chemotherapy in early stage (Stage I; p=0.009 and stage II; p=0.001). 

And also there was a significant increase (p < 0.05) between pre and post chemotherapy of 

CA 19-9 levels in early stages (Stage I; p=0.045 and stage II; p=0.017), but there was no 

significant difference found between pre and post chemotherapy in the levels of CEA and CA 

19-9 in more advanced tumor stage. These data suggest that early stages of CRC patients are 

of more response to chemotherapy than late stage and also CEA is better than CA 19-9 in 

flow of patients with CRC especially in advanced stage.  
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 المستخلص

م هي اسخطان القهلهن والسدتقيم هه واحج من أكثخ الأسباب الذائعة السختبظة بالهفيات في البمجان الشامية. واسسات الاور 
السهاد التي يتم انتاجها وإفخازها بهاسظة أندجة الهرم التي يسكن اكتذافها بتخكيدات غيخ طبيعية في مرل الجم والبهل 

 CA 19-9و  CEAف من هحه الجراسة معخفة ما إذا كان من السسكن استخجام مدتهيات وسهائل الجدم الأخخى. الهج
مخيض مرابين بدخطان  011لسخاقبة استجابة العلاج الكيسيائي في مخضى سخطان القهلهن والسدتقيم. شسمت هحه الجراسة 

لكيسيائي ، حيث  تم قياس تخكيد الدهدان لتمقي العلاج ا –السعهج القهمي لمدخطان  يتخددون عميالقهلهن والسدتقيم 
قبل وبعج العلاج الكيسيائي حيث تمقي جسيع السخضى الحين يعانهن من سخطان القهلهن  CA 19-9و  CEAمدتهيات 

كذفت هحه الجراسة وجهد ارتفاع ممحهظ ذو دلالة  . fluorouracil (5-FU)-5والسدتقيم العلاج الكيسيائي من الشهع 
بين ما قبل وبعج العلاج  CEAلسدتهيات  1010الاحتسال الاحرائي لمسقارنة اقل من احرائية معشهية حيث كان 

ك لهشا ت(. وكحلك كانP = 0.001والسخحمة الثانية ؛  P = 0.009لمسخاحل السبكخة لمسخض )السخحمة الاولي ؛  الكيسيائي
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بين ما قبل وبعج  CA 19-9تهيات لسد 1010ائي لمسقارنة اقل من رزيادة معشهية ذات دلالة حيث كان الاحتسال الاح
(. لكن لم يكن P = 0.017والسخحمة الثانية ؛  P = 0.045لمسخاحل السبكخة لمسخض )السخحمة الاولي ؛  العلاج الكيسيائي

في مخاحل الهرم الأكثخ تقجما.  CA 19-9و  CEAهشاك فخق كبيخ ذو دلالة قبل وبعج العلاج الكيسيائي في مدتهيات 
سة الي ان السخاحل السبكخة من مخضي سخطان القهلهن والسدتقيم هم اكثخ استجابة لمعلاج الكيسيائي من خمرت هحه الجرا

السدتقيم خاصة و هن لالقه  في متابعة السخضي السرابين بدخطان CA 19-9افزل من  CEAالسخاحل الستاخخة. وكحلك 
 في السخاحل الستقجمة من السخض.

Introduction  

Colorectal cancer (CRC) is the second 

most common cancer in women and the 

third most common cancer in men 

worldwide (Siegel et al. 2012). CRC is one 

of the most significant health problems 

throughout the world, with an estimated 

1.2 million new cases and 0.6 million 

deaths each year (Jemal and Bray. 2011). 

Also colorectal cancer (CRC) is the fourth 

most common solid carcinoma diagnosed 

in the United States (Wang, et al. 2014). 

Tumor markers (TMs) play an important 

role in cancer diagnosis, prognosis, 

treatment, and monitoring (Carpelan-

Holmstro¨m. et al, 1996; Levy et al. 2008; 

Du et al. 2010). They are proteins released 

from dying tumor cells or produced by 

neoplastic cells. There are two 

subcategories of these proteins, specific 

and non-specific. The specific proteins are 

expressed only in the tumor cells and are 

very useful for the detection and diagnosis 

of specific malignant tumors. Non-specific 

proteins or markers related to malignant 

cells are oncofetal or carcinogenic 

antigens, such as carcinoembryonic 

antigen (CEA), alphafetoprotein (AFP), 

prostate specific antigen (PSA), 

carbohydrate antigens CA15.3 and CA19-9 

(Osaka et al. 2009).  

Carcinoembryonic antigen (CEA) is the 

most common tumor marker used in 

patients with colorectal cancer (Filella., et 

al. 1992) CEA is a high molecular-weight 

glycoprotein belonging to the immunog-

lobulin superfamily of molecules. It 

functions as an intercellular adhesion 

molecule promoting the aggregation of 

human colorectal carcinoma cells (Duffy et 

al. 2003; Hanke B et al. 2001). 

CEA is increased in approximately 60% to 

85% of the patients with colorectal cancer 

(Filella et al. 1992; Hanke et al. 2001). 

CEA has a specificity for colorectal cancer 

of 90%, but a sensitivity of only 40% to 

75%. (Duffy et al. 2003; Hanke B et al. 

2001). 

An additional marker to monitor colorectal 

cancer is carcinoma antigen (CA) 19-9. 

CA 19-9 was described by Koprowski et al 

in 1979 as a monoclonal antibody, raised 

against a human colorectal cancer cell line 

(Jolanda Stiksma et al. 2014). Increased 

serum levels of CA19-9 have been 

described in association with a range of 

gastrointestinal malignancies including 

colorectal carcinoma (Knopf et al. 2001). 

CA 19-9 is commonly used in the 

management of pancreatic cancer. CA 19-9 

is also increased in approximately 35% to 

40% of patients with advanced colorectal 

cancer (Hanke et al. 2001). 

In the Sudan little is known about the 

predictor values of CEA and CA 19-9 as 

monitoring and prognostic markers among 

colorectal cancer patients especially pre 

and post operation, in addition to 

monitoring chemotherapy treatment. 
Therefore the present study aimed to assess 

whether these tumor markers CEA, CA 19-

9 are of value in monitoring the progress of 

patients being treated with systemic 

chemotherapy for colorectal cancer. 
 

Materials and Methods  

A cross-sectional hospital based study was 

performed between June 2016 and 

February 2017. A total of 100 patients with 

colorectal carcinoma (55 males and 45 

female) admitted to National Cancer 

Institute (NCI-Sudan) to receive 

chemotherapy, the median age was 52 
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years (range 11–80 years) were enrolled in 

this study.  

Interview with CRC patients was done 

before starting chemotherapy which 

included full history (age, sex, exposed to 

surgery, site of tumor, onset of disease and 

stage of tumor). 

A questionnaire was specifically designed 

to obtain information which helped in 

either including (patients of colorectal 

cancer admitted to National Cancer 

Institute to receive chemotherapy) or 

excluding (patients of colorectal cancer 

admitted to National Cancer Institute had 

jaundice, anemia (HB less than 9gm/dl, 

TWBCs less than 3000/cumm, platelet less 

than 70, vomiting and diarrhea) certain 

individuals in or from the study 

respectively. 

The ethical clearance was approved by the 

Research Ethical Committee of the 

Ministry of Health (Sudan). Data and 

samples were collected after informing and 

agreement of colorectal cancer patients 

about the purpose and importance of the 

study. 

The specimen was serum; 5 ml venous 

blood was collected in plain container 

(without anticoagulant) before 

chemotherapy and after completion of the 

dose of chemotherapy. After had been 

allowed to stand at room temperature for 

one hour to obtain serum. 

Tumor markers Carcinoembryonic antigen 

(CEA) and CA 19-9 were determined by 

electrochemiluminescence Immunoassay 

(ECLIA) using commercial kits from 

Roche Company (Germany) and Cobas e 

411Immunoassay Analyzer.  

CEA and CA 19-9 present in the test 

sample bound with a biotinylated 

monoclonal specific antibody, and a 

monoclonal specific antibody labeled with 

a ruthenium complex form a sandwich 

complex. After addition of streptavidin-

coated microparticles, the complex became 

bound to the solid phase via interaction of 

biotin and streptavidin. The reaction 

mixture was aspirated into the measuring 

cell where the microparticles were 

magnetically captured onto the surface of 

the electrode. Results were determined via 

a calibration curve which was instrument 

specifically generated by 2‑point 

calibration and a master curve provided via 

the reagent barcode.  

Each tumor was histopathologically 

classified according to the American 

Committee Cancer Classification and 

Staging System. Results were tabulated, 

analyzed and compared using paired 

sample T test with p value being 

considered significant at p < 0.05. 
 

Results  

 One hundred patients (55 males and 45 

females) aged 11–80 years (median 52) 

were studied. 50% of patients had been 

exposed to surgery before the start of 

chemotherapy (adjuvant therapy) and 50% 

of patients had not been exposed to surgery 

before the start of chemotherapy. 

The data collected in this study analyzed 

using SPSS computer program. The mean 

and standard deviation of the serum 

concentration of CEA and CA 19-9 were 

measured pre and post chemotherapy of 

CRC patients. Results were tabulated, 

analyzed and compared using paired 

sample T test with p value being 

considered significant at p < 0.05. 

Results of CEA and CA 19-9 pre and post 

chemotherapy in different stages showed a 

significant increase (p < 0.05) in serum 

level of CEA in cancer patient's stages I, II 

and III for CEA and stage I and II only for 

CA 19-9. But only stage IV for CEA and 

stage III and IV was not significant in case 

of CA 19-9. (Table 1&2). 
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Table 1: Results of CEA pre and post chemotherapy in different stages:  

Stage  Mean ± SD (ng/ml) P value 

I 

 

Pre chemotherapy 19.7±8.2 0.009 

Post chemotherapy 10.7±7.3 

II Pre chemotherapy 25.4±28.6 0.001 

Post chemotherapy 13.3±13.0 

III Pre chemotherapy 26.3±17.5 0.048 

Post chemotherapy 18.0±27.3 

IV Pre chemotherapy 106.1±115.8 0.288 

Post chemotherapy 127.9±159.1 

 The table shows the mean ± SD and probability (P). 

 t- Test was used for comparison. 

 P < 0.05 considered significant.  

Table 2: Results of CA 19-9 pre and post chemotherapy in different stages:  

Stage  Mean ± SD (U/ml) P value 

I 

 

Pre chemotherapy 32.9 ±20.8 0.045 

Post chemotherapy 27.7±19.1 

II Pre chemotherapy 27.4±40.4 0.017 

Post chemotherapy 19.8±24.3 

III Pre chemotherapy 22.4±19.1 0.423 

Post chemotherapy 29.1±65.6 

IV Pre chemotherapy 74.3±83.0 0.197 

Post chemotherapy 91.0±109.0 

 The table shows the mean ± SD and probability (P). 

 t- Test was used for comparison. 

 P < 0.05 considered significant.  

Table 3 show the comparison between 

serum levels of tested markers and exposed 

to surgery. There was a significant increase 

in CEA and CA 19-9 in post chemotherapy 

compared to pre chemotherapy in stage I, 

II& III, but there was no difference in CEA 

and CA 19-9 in stage IV for patients with 

CRC who were exposed to surgery before 

chemotherapy.  
 

Table 4 show the comparison between 

serum levels of tested markers and patients 

who were not exposed to surgery. There 

was a significant increase in CEA in post 

chemotherapy compared to pre 

chemotherapy in stages I & II only. There 

were no differences in stage III & IV for 

CEA and also for CA 19-9 in all stages  

 

Table (3): show that the relation between levels of serum CEA and CA 19-9 in four stage group 

among all patients of CRC who exposed to surgery (adjuvant therapy). 
Stage   CEA (ng/ml) CA 19-9 (U/ml) 

 Mean ± SD P value Mean ± SD P value 

I Pre chemotherapy  

Post chemotherapy 

14.2 ± 4.6 

9.3 ± 2.9 

0.012 30.7 ± 17.8 

27.0 ± 19.7 

0.042 

II Pre chemotherapy  

Post chemotherapy 

19.4 ± 10.8 

11.4 ± 9.7 

0.000 

 

34.1 ± 49  

23.4 ± 29.2 

0.027 

 

III Pre chemotherapy  

Post chemotherapy 

22.1 ± 14.9 

8.3 ± 3.7 

0.017 

 

15.9 ± 6.6 

8.14 ± 10 

0.017 

 

IV Pre chemotherapy  

Post chemotherapy 

43.8 ± 35.2 

58.2 ± 84.5 

0.494 

 

50.7 ± 33.4 

54 ± 46.7 

0.667 

 

 The table shows the mean ± SD and probability (P). 

 t- Test was used for comparison. 

 P < 0.05 considered significant.  
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Table (4): show that the relation between serum level of CEA and CA 19-9 in four stage group 

among all patients of CRC who did not exposed to surgery. 
Stage   CEA (ng/ml) CA 19-9 (U/ml) 

 Mean ± SD P value Mean ± SD P value 

I Pre chemotherapy  

Post chemotherapy 

25.5± 6.7 

12.0±10.3 

0.047 

 

35.1±24.9 

28.3±20.4 

0.190 

 

II Pre chemotherapy  

Post chemotherapy 

36.3±45.1 

16.8±17.5 

0.046 

 

15.0±7.4 

13.1±8.8 

0.162 

 

III Pre chemotherapy  

Post chemotherapy 

28.3±18.6 

22.6±32.3 

0.312 

 

25.5±22.3 

37.1±78 

0.348 

 

IV Pre chemotherapy  

Post chemotherapy 

195.2±134.9 

227.0±192 

0.455 

 

108±120.3 

144.0±151 

0.245 

 

 The table shows the mean ± SD and probability (P). 

 t- Test was used for comparison. 

 P < 0.05 considered significant.  

Discussion   

Colorectal cancer (CRC) represents the 

second highest cancer mortality rate with 

an estimated 447,000 new cases diagnosed 

in 2012 and approximately 215,000 deaths 

in Europe (Ferlay et al. 2013) Surgical 

resection remains the primary method of 

treatment for localized disease with a 

curative rate of approximately 50% 

(Yukawa et al. 2001)   

Cancer embryonic antigen (CEA) and 

carbohydrate antigen (CA19-9) are well-

known tumor markers that are used in the 

diagnosis of colorectal cancer. They are 

also used in preoperative staging and 

postoperative follow-up of patients, 

especially patients who are treated with 

chemotherapy (Reiter et al. 2000).  

This study was carried out in 100 

colorectal cancer patients being admitted 

to National Cancer Institute (NCI-Sudan) 

to receive chemotherapy from June 2016 to 

February 2017 in Al Jazeera State. And the 

study aimed to monitor the response of 

chemotherapy of colorectal carcinoma by 

measurements of carcino-embryonic 

antigen (CEA) and carbohydrate antigen 

19-9 (CA 19-9) pre and post chemotherapy 

in which all patients received 

chemotherapy with a 5-fluorouracil (5-

FU).  

In the present study serum level of CEA 

was found to be significant in stage I, II, 

and III (p=0.009, p=0.001p=0.048 p=0.016 

respectively) but only stage IV was 

insignificant (p=0.288) the CRC patients in 

the post chemotherapy compared to the pre 

chemotherapy.  

Our results showed a significant results for 

CA 19-9 in stage I and II (p=0.045, 

p=0.017) with insignificant results in stage 

III and IV (p=0.045 and p=0.017) of the 

CRC patients in the post chemotherapy 

compared to the pre chemotherapy. 

These results agree with Gina Brown 2015 

who reported that the systemic treatment of 

patients with colorectal cancer was 

regarded as palliative when their disease 

was found to be metastatic, or to be locally 

advanced and inoperable. In this setting, 

the aim of treatment was to achieve control 

of disease in order to prolong survival, 

with a particular emphasis on treating or 

preventing cancer-related symptoms and 

on maintaining quality of life (Gina 

Brown. 2015). Despite advances in 

systemic therapy, treatment is not on its 

own likely to cure patients. Another study 

done by U. Ward. et al 1993, showed the 

partial response (27%) of tumor markers 

(CEA, CA-195 and CA-242) in CRC 

patients undergoing chemotherapy for 

advanced colorectal cancer. 

In the current study, the serum levels of 

CEA and CA 19-9 significantly increased 

in stages I, II, III (p=0.012, p=0.000, 

p=0.017 for CEA respectively and 

(p=0.042, p=0.027, p=0.017) for CA 19-9 

respectively, but there was no significant 

difference in stage IV (p=0.494 for CEA 

and p=0.667 for CA 19-9 respectively) of 
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CRC patients undergo surgery before the 

start chemotherapy (Adjuvant therapy). 

These results agree with other researchers 

who found the levels of these marker in 

adjuvant therapy to be significant in early 

stage of CRC (p<0.01) and recurrence in 

the advance stage is 80% after the curative 

resections for CRC (Takao Ohtsuka. Et al 

2008). 

Results from the present study indicated 

that CEA is better than CA 19-9 in flow of 

patients with CRC. This finding was in 

agreement with Clemens Giessen-Jung et 

al 2015 who claimed that CEA remains the 

only recommended biomarker for follow-

up care of colorectal cancer (CRC). Locker 

et al. 2006
 
and Duffy et al. 2007 reported 

that circulating CEA is only recommended 

to monitor therapy in advanced CRC and 

for prognostic information. Another study 

done by Yu et al. 2013 reported that CEA 

is the most commonly used tumor marker 

in surveillance and monitoring of CRC 

disease. 

In conclusion, the measurement of tumor 

markers might be useful in the monitoring 

of response, and in the prediction of 

prognosis in patients treated with 

chemotherapy especially in early stages of 

colorectal cancer.  Also the study 

concluded that CEA was a tumor marker 

of choice for CRC management. Further 

studies are required to confirm these 

findings. 
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