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                    Abstract
Background
 Carcinoembryonic antigen (CEA) is the most widely used tumor marker in colon cancer; however, there has been controversy regarding the significance of preoperative serum CEA level as a prognostic factor for recurrence. In this study, we evaluated the optimal cutoff value and prognostic significance of preoperative serum CEA level in stage III colon cancer.
Methods
Based on a retrospective cohort of 965 patients with stage III colon cancer who underwent elective curative surgery and adjuvant chemotherapy with fluoropyrimidine and oxaliplatin (training set), we determined the optimal cutoff value of CEA for recurrence using the Contal and O’Quigley method. We assessed the prognostic value of this cutoff value in terms of disease-free survival (DFS) and overall survival (OS) in a prospective cohort of 268 patients with stage III colon cancer (validation set). A Cox proportional hazards model was used to explore the association of prognostic variables with DFS and OS.
Results
The statistically determined best cutoff value for CEA was 3 ng/mL in the training set. A high CEA level (≥3 ng/mL) was associated with inferior DFS (hazard ratio [HR] 4.609, 95 % confidence interval [CI] 2.028–10.474) and OS (HR 3.956, 95 % CI 1.127–13.882) in the validation set, while multivariate analysis showed that a high CEA level was an independent risk factor for DFS and OS in both study subsets.
Conclusion
Preoperative serum CEA level is an independent prognostic factor for DFS and OS in patients with stage III colon cancer after curative resection and adjuvant chemotherapy.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Clinical Significance of Preoperative Serum Carcinoembryonic Antigen Within the Normal Range in Colorectal Cancer Patients Undergoing Curative Resection
                                        
                                    

                                    
                                        Article
                                        
                                         16 March 2020
                                    

                                

                                Seung-Hoon Beom, Sang Joon Shin, … Joong Bae Ahn

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Incorporation of serum carcinoembryonic antigen levels into the prognostic grouping system of colon cancer
                                        
                                    

                                    
                                        Article
                                        
                                         09 February 2017
                                    

                                

                                Heita Ozawa, Kenjiro Kotake, … Kenichi Sugihara

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Clinical utility of the carcinoembryonic antigen level in patients with stage III colon cancer after surgery and adjuvant chemotherapy
                                        
                                    

                                    
                                        Article
                                        
                                         16 December 2023
                                    

                                

                                Shohei Udagawa, Hiroki Osumi, … Eiji Shinozaki

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin. 2015;65:5–29.
Article 
    PubMed 
    
                    Google Scholar 
                

	Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th edition of the AJCC cancer staging manual and the future of TNM. Ann Surg Oncol. 2010;17:1471–4.
Article 
    PubMed 
    
                    Google Scholar 
                

	Andre T, Boni C, Mounedji-Boudiaf L, et al. Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon cancer. N Engl J Med. 2004;350:2343–51.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schmoll HJ, Tabernero J, Maroun J, et al. Capecitabine plus oxaliplatin compared with fluorouracil/folinic acid as adjuvant therapy for stage III colon cancer: final results of the NO16968 randomized controlled phase III trial. J Clin Oncol. 2015;33:3733–40.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sanoff HK, Carpenter WR, Martin CF, et al. Comparative effectiveness of oxaliplatin vs non-oxaliplatin-containing adjuvant chemotherapy for stage III colon cancer. J Natl Cancer Inst. 2012;104:211–27.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schmoll HJ, Twelves C, Sun W, et al. Effect of adjuvant capecitabine or fluorouracil, with or without oxaliplatin, on survival outcomes in stage III colon cancer and the effect of oxaliplatin on post-relapse survival: a pooled analysis of individual patient data from four randomised controlled trials. Lancet Oncol. 2014;15:1481–92.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Gold P, Freedman SO. Demonstration of tumor-specific antigens in human colonic carcinomata by immunological tolerance and absorption techniques. J Exp Med. 1965;121:439–62.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hammarstrom S. The carcinoembryonic antigen (CEA) family: structures, suggested functions and expression in normal and malignant tissues. Semin Cancer Biol. 1999;9:67–81.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Benson AB 3rd, Venook AP, Bekaii-Saab T, et al. Colon cancer, version 3.2014. J Natl Compr Cancer Netw. 2014;12:1028–59.
CAS 
    PubMed 
    
                    Google Scholar 
                

	van de Velde CJ, Boelens PG, Borras JM, et al. EURECCA colorectal: multidisciplinary management: European consensus conference colon & rectum. Eur J Cancer. 2014;50:e1–34.

                    Google Scholar 
                

	Goldstein MJ, Mitchell EP. Carcinoembryonic antigen in the staging and follow-up of patients with colorectal cancer. Cancer Invest. 2005;23:338–51.
Article 
    PubMed 
    
                    Google Scholar 
                

	Compton C, Fenoglio-Preiser CM, Pettigrew N, Fielding LP. American Joint Committee on Cancer prognostic factors consensus conference: colorectal working group. Cancer. 2000;88:1739–57.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Thirunavukarasu P, Sukumar S, Sathaiah M, et al. C-stage in colon cancer: implications of carcinoembryonic antigen biomarker in staging, prognosis, and management. J Natl Cancer Inst. 2011;103:689–97.
Article 
    PubMed 
    
                    Google Scholar 
                

	Thirunavukarasu P, Talati C, Munjal S, Attwood K, Edge SB, Francescutti V. Effect of incorporation of pretreatment serum carcinoembryonic antigen levels into AJCC staging for colon cancer on 5-year survival. JAMA Surg. 2015;150:747–55.
Article 
    PubMed 
    
                    Google Scholar 
                

	Wolmark N, Fisher B, Wieand HS, et al. The prognostic significance of preoperative carcinoembryonic antigen levels in colorectal cancer. results from NSABP (National Surgical Adjuvant Breast and Bowel Project) clinical trials. Ann Surg. 1984;199:375–82.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Takahashi T, Kato T, Kodaira S, et al. Prognostic factors of colorectal cancer. results of multivariate analysis of curative resection cases with or without adjuvant chemotherapy. Am J Clin Oncol. 1996;19:408–15.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Louhimo J, Carpelan-Holmstrom M, Alfthan H, Stenman UH, Jarvinen HJ, Haglund C. Serum HCG beta, CA 72-4 and CEA are independent prognostic factors in colorectal cancer. Int J Cancer. 2002;101:545–8.
Article 
    PubMed 
    
                    Google Scholar 
                

	Moertel CG, O’Fallon JR, Go VL, O’Connell MJ, Thynne GS. The preoperative carcinoembryonic antigen test in the diagnosis, staging, and prognosis of colorectal cancer. Cancer. 1986;58:603–10.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Chapman MA, Buckley D, Henson DB, Armitage NC. Preoperative carcinoembryonic antigen is related to tumour stage and long-term survival in colorectal cancer. Br J Cancer. 1998;78:1346–9.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Huh JW, Oh BR, Kim HR, Kim YJ. Preoperative carcinoembryonic antigen level as an independent prognostic factor in potentially curative colon cancer. J Surg Oncol. 2010;101:396–400.
PubMed 
    
                    Google Scholar 
                

	Kirat HT, Ozturk E, Lavery IC, Kiran RP. The predictive value of preoperative carcinoembryonic antigen level in the prognosis of colon cancer. Am J Surg. 2012;204:447–52.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Takagawa R, Fujii S, Ohta M, et al. Preoperative serum carcinoembryonic antigen level as a predictive factor of recurrence after curative resection of colorectal cancer. Ann Surg Oncol. 2008;15:3433–9.
Article 
    PubMed 
    
                    Google Scholar 
                

	Park IJ, Choi GS, Lim KH, Kang BM, Jun SH. Serum carcinoembryonic antigen monitoring after curative resection for colorectal cancer: clinical significance of the preoperative level. Ann Surg Oncol. 2009;16:3087–93.
Article 
    PubMed 
    
                    Google Scholar 
                

	Amri R, Bordeianou LG, Sylla P, Berger DL. Preoperative carcinoembryonic antigen as an outcome predictor in colon cancer. J Surg Oncol. 2013;108:14–8.
Article 
    PubMed 
    
                    Google Scholar 
                

	Becerra AZ, Probst CP, Tejani MA, et al. Evaluating the prognostic role of elevated preoperative carcinoembryonic antigen levels in colon cancer patients: results from the National Cancer Database. Ann Surg Oncol. 2016;23:1554–61.
Article 
    PubMed 
    
                    Google Scholar 
                

	Tunes-da-Silva G, Klein JP. Cutpoint selection for discretizing a continuous covariate for generalized estimating equations. Comput Stat Data Anal. 2011;55:226–35.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Locker GY, Hamilton S, Harris J, et al. ASCO 2006 update of recommendations for the use of tumor markers in gastrointestinal cancer. J Clin Oncol. 2006;24:5313–27.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moreno Garcia V, Cejas P, Blanco Codesido M, et al. Prognostic value of carcinoembryonic antigen level in rectal cancer treated with neoadjuvant chemoradiotherapy. Int J Colorectal Dis. 2009;24:741–8.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dixon MR, Haukoos JS, Udani SM, et al. Carcinoembryonic antigen and albumin predict survival in patients with advanced colon and rectal cancer. Arch Surg. 2003;138:962–6.
Article 
    PubMed 
    
                    Google Scholar 
                

	Wanebo HJ, Rao B, Pinsky CM, et al. Preoperative carcinoembryonic antigen level as a prognostic indicator in colorectal cancer. N Engl J Med. 1978;299:448–51.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang JY, Lu CY, Chu KS, et al. Prognostic significance of pre- and postoperative serum carcinoembryonic antigen levels in patients with colorectal cancer. Eur Surg Res. 2007;39:245–50.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sun LC, Chu KS, Cheng SC, et al. Preoperative serum carcinoembryonic antigen, albumin and age are supplementary to UICC staging systems in predicting survival for colorectal cancer patients undergoing surgical treatment. BMC Cancer. 2009;9:288.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mols F, Beijers T, Lemmens V, van den Hurk CJ, Vreugdenhil G, van de Poll-Franse LV. Chemotherapy-induced neuropathy and its association with quality of life among 2- to 11-year colorectal cancer survivors: results from the population-based PROFILES registry. J Clin Oncol. 2013;31:2699–707.
Article 
    PubMed 
    
                    Google Scholar 
                

	Litvak A, Cercek A, Segal N, et al. False-positive elevations of carcinoembryonic antigen in patients with a history of resected colorectal cancer. J Natl Compr Cancer Netw. 2014;12:907–13.
CAS 
    
                    Google Scholar 
                

	Loblaw DA, Virgo KS, Nam R, et al. Initial hormonal management of androgen-sensitive metastatic, recurrent, or progressive prostate cancer: 2006 update of an American Society of Clinical Oncology practice guideline. J Clin Oncol. 2007;25:1596–605.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgment
This work was supported by a grant from the National Research Foundation of Korea, which is provided by the Korean government (MSIP, 2015R1C1A1A01053547). We would like to thank Dong-Su Jang (Medical Illustrator, Medical Research Support Section, Yonsei University College of Medicine, Seoul, Korea) for help with the illustrations, Su Kyoung Park (Medical Record Administrator, Analysis Division of Medical Record Team, Yonsei Cancer Center, Seoul, Korea), and Nayeon Park (Clinical Research Coordinator, Yonsei Cancer Center, Seoul, Korea) for help with the management of data.

                Disclosures

                Chang Gon Kim, Joong Bae Ahn, Minkyu Jung, Seung Hoon Beom, Su Jin Heo, Jee Hung Kim, Young Jin Kim, Nam Kyu Kim, Byung Soh Min, Woong Sub Koom, Hoguen Kim, Yun Ho Roh, Bo Gyoung Ma, and Sang Joon Shin declare that they have no conflict of interest.

              

Author information
Authors and Affiliations
	Department of Medical Oncology, Yonsei Cancer Center, Seoul, Korea
Chang Gon Kim MD, Joong Bae Ahn MD, PhD, Minkyu Jung MD, Seung Hoon Beom MD, Su Jin Heo MD, Jee Hung Kim MD, Young Jin Kim MD & Sang Joon Shin MD, PhD

	Department of Surgery, Yonsei Cancer Center, Seoul, Korea
Nam Kyu Kim MD, PhD & Byung Soh Min MD, Phd

	Department of Radiation Oncology, Yonsei Cancer Center, Seoul, Korea
Woong Sub Koom MD, PhD

	Department of Pathology, Yonsei Cancer Center, Seoul, Korea
Hoguen Kim MD, PhD

	Graduate School of Medical Science and Engineering, KAIST, Daejeon, Korea
Chang Gon Kim MD

	Biostatistics Collaboration Unit, Department of Research Affairs, Yonsei University College of Medicine, Seoul, Korea
Yun Ho Roh MS & Bo Gyoung Ma MS


Authors	Chang Gon Kim MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joong Bae Ahn MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Minkyu Jung MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Seung Hoon Beom MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Su Jin Heo MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jee Hung Kim MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Young Jin Kim MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nam Kyu Kim MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Byung Soh Min MD, PhdView author publications
You can also search for this author in
                        PubMed Google Scholar



	Woong Sub Koom MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hoguen Kim MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yun Ho Roh MSView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bo Gyoung Ma MSView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sang Joon Shin MD, PhDView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sang Joon Shin MD, PhD.


Electronic Supplementary Material

Below is the link to the electronic supplementary material.


                           
                           
                        
Supplementary material 1 (TIFF 295 kb) Scheme of the study population of the training set

10434_2016_5613_MOESM2_ESM.tif
Supplementary material 2 (TIFF 736 kb) The receiver-operating characteristic (ROC) curves for recurrence. (a) The optimal cutoff value of CEA (carcinoembryonic antigen) was determined using a Contal and O’Quigley method from the training set. This cutoff value (3 ng/mL) also yielded maximal sensitivity and specificity (sensitivity, 80.8%, specificity, 56.0%; area under ROC curve (AUC), 0.688). (b) The ROC curve indicated a cutoff value of 3 ng/mL in the validation set (AUC, 0.665; P < 0.001)


Supplementary material 3 (DOCX 30 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kim, C.G., Ahn, J.B., Jung, M. et al. Preoperative Serum Carcinoembryonic Antigen Level as a Prognostic Factor for Recurrence and Survival After Curative Resection Followed by Adjuvant Chemotherapy in Stage III Colon Cancer.
                    Ann Surg Oncol 24, 227–235 (2017). https://doi.org/10.1245/s10434-016-5613-5
Download citation
	Received: 07 July 2016

	Published: 03 October 2016

	Issue Date: January 2017

	DOI: https://doi.org/10.1245/s10434-016-5613-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Overall Survival
	Oxaliplatin
	National Comprehensive Cancer Network
	National Comprehensive Cancer Network
	Electronic Supplementary Table








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.200.197.145
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    