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                    Abstract
The metabolic syndrome, a clinical syndrome that includes central obesity, dyslipidemia, hypertension and glucose intolerance, has been associated with diabetes and cardiovascular disease. Recent evidence links it to breast cancer risk and outcome and suggests that existing adjuvant therapies may exacerbate the syndrome and have reduced efficacy when the syndrome is present. Potential mediators of effects of the syndrome on cancer include insulin/insulin-like growth factor, adipocytokines such as leptin, and markers of inflammation such as interleukins, C-reactive protein, and serum amyloid A. Growing epidemiologic, clinical, and preclinical evidence suggests insulin may be a key mediator. Potential interventions include changes in lifestyle (weight loss, increased physical activity) or pharmacologic approaches. Metformin, a drug commonly used to treat diabetes that reduces the hyperinsulinemia and hyperglycemia associated with the metabolic syndrome, shows promise in epidemiologic, preclinical, and clinical work. Interventions trials involving metformin are underway, including a large adjuvant study by the National Cancer Institute of Canada known as NCIC CTG MA.32.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
Papers of particular interest, published recently, have been highlighted as: • Of importance
	• Protani M, Coory M, Martin JH: Effect of obesity on survival of women with breast cancer: systematic review and meta-analysis. Breast Cancer Res Treat 2010 [Epub ahead of print]. This is an up to date meta-analysis that summarized the existing literature linking obesity to breast cancer survival. It concludes that there is an approximate 30% greater risk of mortality in obese women.

	Pichard C, Plu-Bureau G, Neves-E Castro M, et al.: Insulin resistance, obesity and breast cancer risk. Maturitas 2008, 60:19–30.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Harvie M, Hooper L, Howell AH: Central obesity and breast cancer risk: a systematic review. Obes Rev 2003, 4:157–173.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lahmann PH, Friedenreich C, Schuit AJ, et al.: Physical activity and breast cancer risk: the European Prospective Investigation into Cancer and Nutrition. Cancer Epidemiol Biomarkers Prev 2007, 16:36–42.
Article 
    PubMed 
    
                    Google Scholar 
                

	Prentice RL, Thomson CA, Caan B, et al.: Low-fat dietary pattern and cancer incidence in the Women’s Health Initiative Dietary Modification Randomized Controlled Trial. J Natl Cancer Inst 2007, 99:1534–1543.
Article 
    PubMed 
    
                    Google Scholar 
                

	Reaven GM: The insulin resistance syndrome: definition and dietary approaches to treatment. Annu Rev Nutr 2005, 25:391–406.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Alberti KG, Eckel RH, Grundy SM, et al.: Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009, 120:1640–1645.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wysocki PJ, Wierusz-Wysocka B: Obesity, hyperinsulinemia and breast cancer: novel targets and a novel role for metformin. Expert Rev Mol Diagn 2010, 10:509–519.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Goodwin PJ: Insulin in the adjuvant breast cancer setting: a novel therapeutic target for lifestyle and pharmacologic interventions? J Clin Oncol 2008, 26:833–834.
Article 
    PubMed 
    
                    Google Scholar 
                

	Pasanisi P, Berrino F, De Petris M, et al.: Metabolic syndrome as a prognostic factor for breast cancer recurrences. Int J Cancer 2006, 119:236–238.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Healy LA, Ryan AM, Carroll P, et al.: Metabolic syndrome, central obesity and insulin resistance are associated with adverse pathological features in postmenopausal breast cancer. Clin Oncol (R Coll Radiol) 2010, 22:281–288.
CAS 
    
                    Google Scholar 
                

	Maiti B, Kundranda MN, Spiro TP, et al.: The association of metabolic syndrome with triple-negative breast cancer. Breast Cancer Res Treat 2010, 121:479–483.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Goodwin PJ, Ennis M, Bahl M, et al.: High insulin levels in newly diagnosed breast cancer patients reflect underlying insulin resistance and are associated with components of the insulin resistance syndrome. Breast Cancer Res Treat 2009, 114:517–525.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	• Law JH, Habibi G, Hu K, et al.: Phosphorylated insulin-like growth factor-i/insulin receptor is present in all breast cancer subtypes and is related to poor survival. Cancer Res 2008, 68:10238–10246. This article explores insulin and IGF-1-related signaling pathways that may be activated in breast cancer tissue and links markers in these pathways to survival.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ray A, Cleary MP: Leptin as a potential therapeutic target for breast cancer prevention and treatment. Expert Opin Ther Targets 2010, 14:443–451.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Goodwin PJ, Ennis M, Fantus IG, et al.: Is leptin a mediator of adverse prognostic effects of obesity in breast cancer? J Clin Oncol 2005, 23:6037–6042.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fusco R, Galgani M, Procaccini C, et al.: Cellular and molecular crosstalk between leptin receptor and estrogen receptor-{alpha} in breast cancer: molecular basis for a novel therapeutic setting. Endocr Relat Cancer 2010, 17:373–382.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bartella V, Cascio S, Fiorio E, et al.: Insulin-dependent leptin expression in breast cancer cells. Cancer Res 2008, 68:4919–4927.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rakha EA, Aleskandarany M, El Sayed ME, et al.: The prognostic significance of inflammation and medullary histological type in invasive carcinoma of the breast. Eur J Cancer 2009, 45:1780–1787.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pierce BL, Ballard-Barbash R, Bernstein L, et al.: Elevated biomarkers of inflammation are associated with reduced survival among breast cancer patients. J Clin Oncol 2009, 27:3437–3444.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pierce BL, Neuhouser ML, Wener MH, et al.: Correlates of circulating C-reactive protein and serum amyloid A concentrations in breast cancer survivors. Breast Cancer Res Treat 2009, 114:155–167.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cole SW: Chronic inflammation and breast cancer recurrence. J Clin Oncol 2009, 27:3418–3419.
Article 
    PubMed 
    
                    Google Scholar 
                

	Holmes MD, Chen WY, Li L, et al.: Aspirin intake and survival after breast cancer. J Clin Oncol 2010, 28:1467–1472.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Michelsen TM, Pripp AH, Tonstad S, et al.: Metabolic syndrome after risk-reducing salpingo-oophorectomy in women at high risk for hereditary breast ovarian cancer: a controlled observational study. Eur J Cancer 2009, 45:82–89.
Article 
    PubMed 
    
                    Google Scholar 
                

	Thomson CA, Thompson PA, Wright-Bea J, et al.: Metabolic syndrome and elevated C-reactive protein in breast cancer survivors on adjuvant hormone therapy. J Womens Health (Larchmt ) 2009, 18:2041–2047.
Article 
    
                    Google Scholar 
                

	Redig AJ, Munshi HG: Care of the cancer survivor: metabolic syndrome after hormone-modifying therapy. Am J Med 2010, 123:87.e1–87.e6.
Article 
    
                    Google Scholar 
                

	Greenman CG, Jagielski CH, Griggs JJ: Breast cancer adjuvant chemotherapy dosing in obese patients: dissemination of information from clinical trials to clinical practice. Cancer 2008, 112:2159–2165.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	• Sestak I, Distler W, Forbes JF, et al.: Effect of Body Mass Index on Recurrences in Tamoxifen and Anastrozole Treated Women: An Exploratory Analysis From the ATAC Trial. J Clin Oncol 2010 [Epub ahead of print]. This report is the first to suggest that aromatase inhibitor benefit over tamoxifen in the adjuvant setting may be reduced in heavier women.

	Pfeiler G, Königsberg R, Singer CF, et al.: Impact of body mass index on endocrine therapy in premenopausal breast cancer: An analysis of the ABCSG-12 trial [abstract]. Proc Am Soc Clin Oncol 2010, 28:512.

                    Google Scholar 
                

	Fagan DH, Yee D: Crosstalk between IGF1R and estrogen receptor signaling in breast cancer. J Mammary Gland Biol Neoplasia 2008, 13:423–429.
Article 
    PubMed 
    
                    Google Scholar 
                

	Chlebowski RT, Blackburn GL, Thomson CA, et al.: Dietary fat reduction and breast cancer outcome: interim efficacy results from the Women’s Intervention Nutrition Study. J Natl Cancer Inst 2006, 98:1767–1776.
Article 
    PubMed 
    
                    Google Scholar 
                

	Pierce JP, Natarajan L, Caan BJ, et al.: Influence of a diet very high in vegetables, fruit, and fiber and low in fat on prognosis following treatment for breast cancer: the Women’s Healthy Eating and Living (WHEL) randomized trial. JAMA 2007, 298:289–298.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ballard-Barbash R, Hunsberger S, Alciati MH, et al.: Physical activity, weight control, and breast cancer risk and survival: clinical trial rationale and design considerations. J Natl Cancer Inst 2009, 101:630–643.
Article 
    PubMed 
    
                    Google Scholar 
                

	Evans JM, Donnelly LA, Emslie-Smith AM, et al.: Metformin and reduced risk of cancer in diabetic patients. BMJ 2005, 330:1304–1305.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bodmer M, Meier C, Krahenbuhl S, et al.: Long-term metformin use is associated with decreased risk of breast cancer. Diabetes Care 2010, 33:1304–1308.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhou G, Myers R, Li Y, et al.: Role of AMP-activated protein kinase in mechanism of metformin action. J Clin Invest 2001, 108:1167–1174.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Goodwin PJ, Ligibel JA, Stambolic V: Metformin in breast cancer: time for action. J Clin Oncol 2009, 27:3271–3273.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Alimova IN, Liu B, Fan Z, et al.: Metformin inhibits breast cancer cell growth, colony formation and induces cell cycle arrest in vitro. Cell Cycle 2009, 8:909–915.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Vazquez-Martin A, Oliveras-Ferraros C, del Barco S, et al.: The antidiabetic drug metformin: a pharmaceutical AMPK activator to overcome breast cancer resistance to HER2 inhibitors while decreasing risk of cardiomyopathy. Ann Oncol 2009, 20:592–595.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ben Sahra I, Laurent K, Loubat A, et al.: The antidiabetic drug metformin exerts an antitumoral effect in vitro and in vivo through a decrease of cyclin D1 level. Oncogene 2008, 27:3576–3586.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hirsch HA, Iliopoulos D, Tsichlis PN, et al.: Metformin selectively targets cancer stem cells, and acts together with chemotherapy to block tumor growth and prolong remission. Cancer Res 2009, 69:7507–7511.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Berstein LM, Boyarkina MP, Tsyrlina EV, et al.: More favorable progesterone receptor phenotype of breast cancer in diabetics treated with metformin. Med Oncol 2010 [Epub ahead of print].

	Goodwin PJ, Pritchard KI, Ennis M, Clemmnos M, Graham M, Fantus IG. Insulin-lowering effects of metformin in women with early breast cancer. Clin Breast Cancer 2008, 8:501–505.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	• Jiralerspong S, Palla SL, Giordano SH, et al.: Metformin and pathologic complete responses to neoadjuvant chemotherapy in diabetic patients with breast cancer. J Clin Oncol 2009, 27:3297–3302. This report provides the first evidence in humans that the use of metformin may be associated with improved breast cancer outcomes. It has contributed to the justification for a large-scale, randomized adjuvant trial of metformin versus placebo in breast cancer.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hadad SM, Dewar JA, Elseedawy E, et al.: Gene signature of metformin actions in primary breast cancer within a window of opportunity randomized clinical trial [abstract]. Proc Am Soc Clin Oncol 2010, 28:560.

                    Google Scholar 
                

	Ben Sahra I, Marchand-Brustel Y, Tanti JF, et al.: Metformin in cancer therapy: a new perspective for an old antidiabetic drug? Mol Cancer Ther 2010, 9:1092–1099.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cazzaniga M, Bonanni B, Guerrieri-Gonzaga A, et al.: Is it time to test metformin in breast cancer clinical trials? Cancer Epidemiol Biomarkers Prev 2009, 18:701–705.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references





                Disclosure

                The author has received research funding from Novartis, honoraria for serving on the advisory boards of Genomic Health and Amgen, and speaker expenses paid by Roche and Boehringer-Ingelheim.

              

Author information
Authors and Affiliations
	Department of Medicine, Division of Clinical Epidemiology at the Samuel Lunenfeld Research Institute, Mount Sinai Hospital, 1284-600 University Avenue, Toronto, Ontario, M5G 1X4, Canada
Pamela J. Goodwin

	Princess Margaret Hospital, University of Toronto, Toronto, Canada
Pamela J. Goodwin


Authors	Pamela J. GoodwinView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Pamela J. Goodwin.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Goodwin, P.J. Metabolic Syndrome, Insulin Resistance, and Inflammation in Breast Cancer: Impact on Prognosis and Adjuvant Interventions.
                    Curr Breast Cancer Rep 2, 182–189 (2010). https://doi.org/10.1007/s12609-010-0024-2
Download citation
	Published: 23 September 2010

	Issue Date: December 2010

	DOI: https://doi.org/10.1007/s12609-010-0024-2


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
	Breast cancer
	Metabolic syndrome
	Insulin resistance syndrome
	Obesity
	Lifestyle
	Physical activity
	Diet
	Insulin
	Leptin
	Inflammation
	Metformin
	Adjuvant therapy








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.89.13.143
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    