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            Abstract
Demonstration of the clinically significant activity of bevacizumab in breast cancer has attracted a great deal of interest. Numerous other antiangiogenic treatments are in clinical development and some established therapies including tamoxifen and trastuzumab might function, in part, by suppressing angiogenesis. In this Review, we discuss the potential of various components of the angiogenic pathway as prognostic and predictive factors in breast cancer. In addition, we describe existing clinical trials of antiangiogenic agents and the challenges facing the clinical development and optimum use of these agents for the treatment of breast cancer.


Key Points

                	
                  Angiogenesis and VEGF have important roles in the pathogenesis of breast cancer

                
	
                  VEGF is regulated by complex factors including hypoxia, growth factors, hormones and activated oncogenes

                
	
                  Angiogenic markers, such as VEGF, can be of prognostic and predictive value in breast cancer

                
	
                  Clinical trials of antiangiogenic agents such as bevacizumab and tyrosine kinase inhibitors in breast cancer are ongoing

                
	
                  Bevacizumab in combination with paclitaxel can improve progression-free survival in patients with previously untreated metastatic breast cancer

                
	
                  Challenges facing the success of antiangiogenic therapy in breast cancer include the identification of biomarkers to guide management, overcoming drug resistance and identifying the correct target population
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                    Figure 1: Factors influencing tumor angiogenesis[image: ]


Figure 2: Regulation of VEGF expression[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Angiogenic signaling pathways and anti-angiogenic therapy for cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         11 May 2023
                                    

                                

                                Zhen-Ling Liu, Huan-Huan Chen, â€¦ Lei Shi

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Baseline microvessel density predicts response to neoadjuvant bevacizumab treatment of locally advanced breast cancer
                                        
                                    

                                    
                                        Article
                                         Open access
                                         09 February 2021
                                    

                                

                                Kristi KrÃ¼ger, Laxmi Silwal-Pandit, â€¦ Lars A. Akslen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Systemic therapy for early-stage breast cancer: learning from the past to build the future
                                        
                                    

                                    
                                        Article
                                        
                                         17 October 2022
                                    

                                

                                Elisa Agostinetto, Joseph Gligorov & Martine Piccart

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Hanahan D  et al. (1996) Transgenic mouse models of tumour angiogenesis: the angiogenic switch, its molecular controls, and prospects for preclinical therapeutic models. Eur J Cancer 32A: 2386â€“2393
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Skobe M  et al. (1997) Halting angiogenesis suppresses carcinoma cell invasion. Nat Med 3: 1222â€“1227
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Folkman J (1971) Tumor angiogenesis: therapeutic implications. N Engl J Med 285: 1182â€“1186
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	von Tell D  et al. (2006) Pericytes and vascular stability. Exp Cell Res 312: 623â€“629
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hicklin DJ and Ellis LM (2005) Role of the vascular endothelial growth factor pathway in tumor growth and angiogenesis. J Clin Oncol 23: 1011â€“1027
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rafii S  et al. (2002) Vascular and haematopoietic stem cells: novel targets for anti-angiogenesis therapy? Nat Rev Cancer 2: 826â€“835
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bergers G and Benjamin LE (2003) Tumorigenesis and the angiogenic switch. Nat Rev Cancer 3: 401â€“410
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Neufeld G  et al. (1999) Vascular endothelial growth factor (VEGF) and its receptors. Faseb J 13: 9â€“22
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ferrara N  et al. (2003) The biology of VEGF and its receptors. Nat Med 9: 669â€“676
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Relf M  et al. (1997) Expression of the angiogenic factors vascular endothelial cell growth factor, acidic and basic fibroblast growth factor, tumor growth factor beta-1, platelet-derived endothelial cell growth factor, placenta growth factor, and pleiotrophin in human primary breast cancer and its relation to angiogenesis. Cancer Res 57: 963â€“969
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tischer E  et al. (1991) The human gene for vascular endothelial growth factor: multiple protein forms are encoded through alternative exon splicing. J Biol Chem 266: 11947â€“11954
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mandriota SJ  et al. (1995) Vascular endothelial growth factor increases urokinase receptor expression in vascular endothelial cells. J Biol Chem 270: 9709â€“9716
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pepper MS  et al. (1991) Vascular endothelial growth factor (VEGF) induces plasminogen activators and plasminogen activator inhibitor-1 in microvascular endothelial cells. Biochem Biophys Res Commun 181: 902â€“906
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gerber HP  et al. (1998) Vascular endothelial growth factor regulates endothelial cell survival through the phosphatidylinositol 3â€²-kinase/Akt signal transduction pathway: requirement for Flk-1/KDR activation. J Biol Chem 273: 30336â€“30343
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Harmey JH and Bouchier-Hayes D (2002) Vascular endothelial growth factor (VEGF), a survival factor for tumour cells: implications for anti-angiogenic therapy. Bioessays 24: 280â€“283
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tran J  et al. (2002) A role for survivin in chemoresistance of endothelial cells mediated by VEGF. Proc Natl Acad Sci USA 99: 4349â€“4354
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Gerber HP  et al. (2000) Complete inhibition of rhabdomyosarcoma xenograft growth and neovascularization requires blockade of both tumor and host vascular endothelial growth factor. Cancer Res 60: 6253â€“6258
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Shibuya M  et al. (1990) Nucleotide sequence and expression of a novel human receptor-type tyrosine kinase gene (flt) closely related to the fms family. Oncogene 5: 519â€“524
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kendall RL and Thomas KA (1993) Inhibition of vascular endothelial cell growth factor activity by an endogenously encoded soluble receptor. Proc Natl Acad Sci USA 90: 10705â€“10709
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ebos JM  et al. (2004) A naturally occurring soluble form of vascular endothelial growth factor receptor 2 detected in mouse and human plasma. Mol Cancer Res 2: 315â€“326
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pan Q  et al. (2007) Blocking neuropilin-1 function has an additive effect with anti-VEGF to inhibit tumor growth. Cancer Cell 11: 53â€“67
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Veikkola T  et al. (2001) Signalling via vascular endothelial growth factor receptor-3 is sufficient for lymphangiogenesis in transgenic mice. EMBO J 20: 1223â€“1231
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Achen MG  et al. (2006) Targeting lymphangiogenesis to prevent tumour metastasis. Br J Cancer 94: 1355â€“1360
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Rak J  et al. (2000) Oncogenes and tumor angiogenesis: differential modes of vascular endothelial growth factor up-regulation in ras-transformed epithelial cells and fibroblasts. Cancer Res 60: 490â€“498
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kimbro KS and Simons JW (2006) Hypoxia-inducible factor-1 in human breast and prostate cancer. Endocr Relat Cancer 13: 739â€“749
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Harris AL (2002) Hypoxiaâ€”a key regulatory factor in tumour growth. Nat Rev Cancer 2: 38â€“47
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pouyssegur J  et al. (2006) Hypoxia signalling in cancer and approaches to enforce tumour regression. Nature 441: 437â€“443
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kurebayashi J  et al. (2001) Hypoxia reduces hormone responsiveness of human breast cancer cells. Jpn J Cancer Res 92: 1093â€“1101
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Hyder SM  et al. (1998) Progestin regulation of vascular endothelial growth factor in human breast cancer cells. Cancer Res 58: 392â€“395
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ruohola JK  et al. (1999) Vascular endothelial growth factors are differentially regulated by steroid hormones and antiestrogens in breast cancer cells. Mol Cell Endocrinol 149: 29â€“40
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Nakamura J  et al. (1996) Estrogen regulates vascular endothelial growth/permeability factor expression in 7,12-dimethylbenz(a)anthracene-induced rat mammary tumors. Endocrinology 137: 5589â€“5596
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Mueller MD  et al. (2000) Regulation of vascular endothelial growth factor (VEGF) gene transcription by estrogen receptors alpha and beta. Proc Natl Acad Sci USA 97: 10972â€“10977
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Buteau-Lozano H  et al. (2002) Transcriptional regulation of vascular endothelial growth factor by estradiol and tamoxifen in breast cancer cells: a complex interplay between estrogen receptors alpha and beta. Cancer Res 62: 4977â€“4984
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Stoner M  et al. (2004) Estrogen regulation of vascular endothelial growth factor gene expression in ZR-75 breast cancer cells through interaction of estrogen receptor alpha and SP proteins. Oncogene 23: 1052â€“1063
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Garvin S and Dabrosin C (2003) Tamoxifen inhibits secretion of vascular endothelial growth factor in breast cancer in vivo . Cancer Res 63: 8742â€“8748
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gagliardi AR  et al. (1996) Antiestrogens inhibit endothelial cell growth stimulated by angiogenic growth factors. Anticancer Res 16: 1101â€“1106
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Slamon DJ  et al. (1987) Human breast cancer: correlation of relapse and survival with amplification of the HER-2/neu oncogene. Science 235: 177â€“182
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Piccart-Gebhart MJ  et al. (2005) Trastuzumab after adjuvant chemotherapy in HER2-positive breast cancer. N Engl J Med 353: 1659â€“1672
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wen XF  et al. (2006) HER2 signaling modulates the equilibrium between pro- and antiangiogenic factors via distinct pathways: implications for HER2-targeted antibody therapy. Oncogene 25: 6986â€“6996
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Klos KS  et al. (2006) ErbB2 increases vascular endothelial growth factor protein synthesis via activation of mammalian target of rapamycin/p70S6K leading to increased angiogenesis and spontaneous metastasis of human breast cancer cells. Cancer Res 66: 2028â€“2037
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Petit AM  et al. (1997) Neutralizing antibodies against epidermal growth factor and ErbB-2/neu receptor tyrosine kinases down-regulate vascular endothelial growth factor production by tumor cells in vitro and in vivo: angiogenic implications for signal transduction therapy of solid tumors. Am J Pathol 151: 1523â€“1530
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Pegram MD and Reese DM (2002) Combined biological therapy of breast cancer using monoclonal antibodies directed against HER2/neu protein and vascular endothelial growth factor. Semin Oncol 29: 29â€“37
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yen L  et al. (2000) Heregulin selectively upregulates vascular endothelial growth factor secretion in cancer cells and stimulates angiogenesis. Oncogene 19: 3460â€“3469
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Milanini-Mongiat J  et al. (2002) Identification of two Sp1 phosphorylation sites for p42/p44 mitogen-activated protein kinases: their implication in vascular endothelial growth factor gene transcription. J Biol Chem 277: 20631â€“20639
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Richard DE  et al. (1999) p42/p44 mitogen-activated protein kinases phosphorylate hypoxia-inducible factor 1Î± (HIF-1alpha) and enhance the transcriptional activity of HIF-1. J Biol Chem 274: 32631â€“32637
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pages G  et al. (2000) Stress-activated protein kinases (JNK and p38/HOG) are essential for vascular endothelial growth factor mRNA stability. J Biol Chem 275: 26484â€“26491
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gutierrez MC  et al. (2005) Molecular changes in tamoxifen-resistant breast cancer: relationship between estrogen receptor, HER-2, and p38 mitogen-activated protein kinase. J Clin Oncol 23: 2469â€“2476
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Huez I  et al. (1998) Two independent internal ribosome entry sites are involved in translation initiation of vascular endothelial growth factor mRNA. Mol Cell Biol 18: 6178â€“6190
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Lang KJ  et al. (2002) Hypoxia-inducible factor-1Î± mRNA contains an internal ribosome entry site that allows efficient translation during normoxia and hypoxia. Mol Biol Cell 13: 1792â€“1801
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Ciardiello F  et al. (2001) Inhibition of growth factor production and angiogenesis in human cancer cells by ZD1839 (Iressa), a selective epidermal growth factor receptor tyrosine kinase inhibitor. Clin Cancer Res 7: 1459â€“1465
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sini P  et al. (2005) The antitumor and antiangiogenic activity of vascular endothelial growth factor receptor inhibition is potentiated by ErbB1 blockade. Clin Cancer Res 11: 4521â€“4532
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Izumi Y  et al. (2002) Tumour biology: herceptin acts as an anti-angiogenic cocktail. Nature 416: 279â€“280
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Weidner N  et al. (1992) Tumor angiogenesis: a new significant and independent prognostic indicator in early-stage breast carcinoma. J Natl Cancer Inst 84: 1875â€“1887
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Horak ER  et al. (1992) Angiogenesis, assessed by platelet/endothelial cell adhesion molecule antibodies, as indicator of node metastases and survival in breast cancer. Lancet 340: 1120â€“1124
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Heimann R  et al. (1996) Angiogenesis as a predictor of long-term survival for patients with node-negative breast cancer. J Natl Cancer Inst 88: 1764â€“1769
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Blackwell KL  et al. (2004) HER-2 gene amplification correlates with higher levels of angiogenesis and lower levels of hypoxia in primary breast tumors. Clin Cancer Res 10: 4083â€“4088
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gasparini G  et al. (1995) Tumor angiogenesis predicts clinical outcome of node-positive breast cancer patients treated with adjuvant hormone therapy or chemotherapy. Cancer J Sci Am 1: 131â€“141
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gasparini G  et al. (1997) Prognostic significance of vascular endothelial growth factor protein in node-negative breast carcinoma. J Natl Cancer Inst 89: 139â€“147
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Eppenberger U  et al. (1998) Markers of tumor angiogenesis and proteolysis independently define high- and low-risk subsets of node-negative breast cancer patients. J Clin Oncol 16: 3129â€“3136
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Toi M  et al. (1994) Association of vascular endothelial growth factor expression with tumor angiogenesis and with early relapse in primary breast cancer. Jpn J Cancer Res 85: 1045â€“1049
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Linderholm B  et al. (1998) Vascular endothelial growth factor is of high prognostic value in node-negative breast carcinoma. J Clin Oncol 16: 3121â€“3128
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Foekens JA  et al. (2001) High tumor levels of vascular endothelial growth factor predict poor response to systemic therapy in advanced breast cancer. Cancer Res 61: 5407â€“5414
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Linderholm B  et al. (1999) Does vascular endothelial growth factor (VEGF) predict local relapse and survival in radiotherapy-treated node-negative breast cancer? Br J Cancer 81: 727â€“732
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Gasparini G  et al. (1999) Clinical relevance of vascular endothelial growth factor and thymidine phosphorylase in patients with node-positive breast cancer treated with either adjuvant chemotherapy or hormone therapy. Cancer J Sci Am 5: 101â€“111
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Linderholm B  et al. (2000) Correlation of vascular endothelial growth factor content with recurrences, survival, and first relapse site in primary node-positive breast carcinoma after adjuvant treatment. J Clin Oncol 18: 1423â€“1431
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ryden L  et al. (2005) Tumor-specific expression of vascular endothelial growth factor receptor 2 but not vascular endothelial growth factor or human epidermal growth factor receptor 2 is associated with impaired response to adjuvant tamoxifen in premenopausal breast cancer. J Clin Oncol 23: 4695â€“4704
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Ryden L  et al. (2005) Tumor-specific VEGF-A and VEGFR2 in postmenopausal breast cancer patients with long-term follow-up: implication of a link between VEGF pathway and tamoxifen response. Breast Cancer Res Treat 89: 135â€“143
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Konecny GE  et al. (2004) Association between HER-2/neu and vascular endothelial growth factor expression predicts clinical outcome in primary breast cancer patients. Clin Cancer Res 10: 1706â€“1716
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Svensson S  et al. (2005) ERK phosphorylation is linked to VEGFR2 expression and Ets-2 phosphorylation in breast cancer and is associated with tamoxifen treatment resistance and small tumours with good prognosis. Oncogene 24: 4370â€“4379
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bando H  et al. (2005) Association between intratumoral free and total VEGF, soluble VEGFR-1, VEGFR-2 and prognosis in breast cancer. Br J Cancer 92: 553â€“561
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Dales JP  et al. (2005) Overexpression of hypoxia-inducible factor HIF-1Î± predicts early relapse in breast cancer: retrospective study in a series of 745 patients. Int J Cancer 116: 734â€“739
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bos R  et al. (2003) Levels of hypoxia-inducible factor-1Î± independently predict prognosis in patients with lymph node negative breast carcinoma. Cancer 97: 1573â€“1581
ArticleÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Generali D  et al. (2006) Hypoxia-inducible factor-1Î± expression predicts a poor response to primary chemoendocrine therapy and disease-free survival in primary human breast cancer. Clin Cancer Res 12: 4562â€“4568
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kronblad A  et al. (2006) Hypoxia inducible factor-1Î± is a prognostic marker in premenopausal patients with intermediate to highly differentiated breast cancer but not a predictive marker for tamoxifen response. Int J Cancer 118: 2609â€“2616
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hillan KJ  et al. (2003) The role of VEGF expression in response to bevacizumab plus capecitabine in metastatic breast cancer (MBC) [abstract #766]. Proc Am Soc Clin Oncol 22

	Deprimo SE  et al. (2006) Effect of treatment with sunitinib malate, a multitargeted tyrosine kinase inhibitor, on circulating plasma levels of VEGF, soluble VEGF receptors 2 and 3, and soluble KIT in patients with metastatic breast cancer [abstract #578]. J Clin Oncol 24 (Suppl 18)

	Miller KD  et al. (2005) E2100: A randomized phase III trial of paclitaxel versus paclitaxel plus bevacizumab as first-line therapy for locally recurrent or metastatic breast cancer [abstract]. Presented at the 41st Annual Meeting of the American Society of Clinical Oncology

	Wedam SB  et al. (2006) Antiangiogenic and antitumor effects of bevacizumab in patients with inflammatory and locally advanced breast cancer. J Clin Oncol 24: 769â€“777
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bertolini F  et al. (2006) The multifaceted circulating endothelial cell in cancer: towards marker and target identification. Nat Rev Cancer 6: 835â€“845
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rugo HS  et al. (2006) Change in circulating endothelial cells (CEC) predicts progression free survival (PFS) in patients (pts) with hormone receptor positive metastatic breast cancer (MBC) receiving letrozole (L) and bevacizumab (B) [abstract #3039]. J Clin Oncol 24 (Suppl 18)

	Lu H  et al. (2005) Association of genetic polymorphisms in the VEGF gene with breast cancer survival. Cancer Res 65: 5015â€“5019
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jin Q  et al. (2005) Vascular endothelial growth factor polymorphisms in relation to breast cancer development and prognosis. Clin Cancer Res 11: 3647â€“3653
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sweeney CJ  et al. (2001) The antiangiogenic property of docetaxel is synergistic with a recombinant humanized monoclonal antibody against vascular endothelial growth factor or 2-methoxyestradiol but antagonized by endothelial growth factors. Cancer Res 61: 3369â€“3372
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Browder T  et al. (2000) Antiangiogenic scheduling of chemotherapy improves efficacy against experimental drug-resistant cancer. Cancer Res 60: 1878â€“1886
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Miller KD  et al. (2001) Redefining the target: chemotherapeutics as antiangiogenics. J Clin Oncol 19: 1195â€“1206
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Hamano Y  et al. (2004) Thrombospondin-1 associated with tumor microenvironment contributes to low-dose cyclophosphamide-mediated endothelial cell apoptosis and tumor growth suppression. Cancer Res 64: 1570â€“1574
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bocci G  et al. (2003) Thrombospondin 1, a mediator of the antiangiogenic effects of low-dose metronomic chemotherapy. Proc Natl Acad Sci USA 100: 12917â€“12922
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Dupont J  et al. (2004) Phase I and pharmacokinetic study of VEGF Trap administered subcutaneously to patients with advanced solid malignancies. In Proceedings of the American Society of Clinical Oncology: 2004 June 5â€“8; New Orleans

	Jain RK (2005) Normalization of tumor vasculature: an emerging concept in antiangiogenic therapy. Science 307: 58â€“62
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Tozer GM  et al. (2005) Disrupting tumour blood vessels. Nat Rev Cancer 5: 423â€“435
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Sanborn R and Blanke CD (2005) Cyclooxygenase-2 inhibition in colorectal cancer: boom or bust? Semin Oncol 32: 69â€“75
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gasparini G  et al. (2005) Angiogenic inhibitors: a new therapeutic strategy in oncology. Nat Clin Pract Oncol 2: 562â€“577
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Miller KD  et al. (2005) Randomized phase III trial of capecitabine compared with bevacizumab plus capecitabine in patients with previously treated metastatic breast cancer. J Clin Oncol 23: 792â€“799
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Burstein H  et al. (2005) Metronomic chemotherapy with and without bevacizumab for advanced breast cancer: a randomized phase II study. [abstract #4] Breast Cancer Res Treat 94 (Suppl 1): S6

                    Google ScholarÂ 
                

	Colleoni M  et al. (2006) Metronomic low-dose oral cyclophosphamide and methotrexate plus or minus thalidomide in metastatic breast cancer: antitumor activity and biological effects. Ann Oncol 17: 232â€“238
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Cobleigh MA  et al. (2003) A phase I/II dose-escalation trial of bevacizumab in previously treated metastatic breast cancer. Semin Oncol 30: 117â€“124
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Miller KD  et al. (2005) Phase II study of SU11248, a multitargeted receptor tyrosine kinase inhibitor (TKI), in patients (pts) with previously treated metastatic breast cancer (MBC) [abstract #563]. J Clin Oncol 23 (Suppl 16): 563
ArticleÂ 
    
                    Google ScholarÂ 
                

	Miller KD  et al. (2005) A multicenter phase II trial of ZD6474, a vascular endothelial growth factor receptor-2 and epidermal growth factor receptor tyrosine kinase inhibitor, in patients with previously treated metastatic breast cancer. Clin Cancer Res 11: 3369â€“3376
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jain RK  et al. (2006) Lessons from phase III clinical trials on anti-VEGF therapy for cancer. Nat Clin Pract Oncol 3: 24â€“40
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Pegram MCD  et al. (2006) Phase II combined biological therapy targeting the HER2 proto-oncogene and the vascular endothelial growth factor using trastuzumab (T) and bevacizumab (B) as first line treatment of HER2-amplified breast cancer. In Proceedings of the San Antonio Breast Cancer Symposium: 2006 December 14â€“17; San Antonio

	Overmoyer B (2004) Phase II trial of neoadjuvant docetaxel with or without bevacizumab in patients with locally advanced breast cancer. In Proceedings of the San Antonio Breast Cancer Symposium: 2004 December 8â€“11; San Antonio

	Green MC  et al. (2005) Weekly paclitaxel improves pathologic complete remission in operable breast cancer when compared with paclitaxel once every 3 weeks. J Clin Oncol 23: 5983â€“5992
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bottini A  et al. (2006) Randomized phase II trial of letrozole and letrozole plus low-dose metronomic oral cyclophosphamide as primary systemic treatment in elderly breast cancer patients. J Clin Oncol 24: 3623â€“3628
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Kerbel R and Folkman J (2002) Clinical translation of angiogenesis inhibitors. Nat Rev Cancer 2: 727â€“739
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Greenberg DA and Jin K (2005) From angiogenesis to neuropathology. Nature 438: 954â€“959
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Wood JM  et al. (2000) PTK787/ZK 222584, a novel and potent inhibitor of vascular endothelial growth factor receptor tyrosine kinases, impairs vascular endothelial growth factor-induced responses and tumor growth after oral administration. Cancer Res 60: 2178â€“2189
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bergsland E and Dickler MN (2004) Maximizing the potential of bevacizumab in cancer treatment. Oncologist 9 (Suppl 1): S36â€“S42
ArticleÂ 
    
                    Google ScholarÂ 
                

	Yang JC  et al. (2003) A randomized trial of bevacizumab, an anti-vascular endothelial growth factor antibody, for metastatic renal cancer. N Engl J Med 349: 427â€“434
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Johnson DH  et al. (2004) Randomized phase II trial comparing bevacizumab plus carboplatin and paclitaxel with carboplatin and paclitaxel alone in previously untreated locally advanced or metastatic non-small-cell lung cancer. J Clin Oncol 22: 2184â€“2191
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jubb AM  et al. (2006) Predicting benefit from anti-angiogenic agents in malignancy. Nat Rev Cancer 6: 626â€“635
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Drevs J  et al. (2005) Soluble markers for the assessment of biological activity with PTK787/ZK 222584 (PTK/ZK), a vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitor in patients with advanced colorectal cancer from two phase I trials. Ann Oncol 16: 558â€“565
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Yoshiji H  et al. (1997) Vascular endothelial growth factor is essential for initial but not continued in vivo growth of human breast carcinoma cells. Cancer Res 57: 3924â€“3928
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Klement G  et al. (2000) Continuous low-dose therapy with vinblastine and VEGF receptor-2 antibody induces sustained tumor regression without overt toxicity. J Clin Invest 105: R15â€“R24
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Kerbel RS (2001) Clinical trials of antiangiogenic drugs: opportunities, problems, and assessment of initial results. J Clin Oncol 19 (Suppl): S45â€“S51

                    Google ScholarÂ 
                

	Huang J  et al. (2004) Vascular remodeling marks tumors that recur during chronic suppression of angiogenesis. Mol Cancer Res 2: 36â€“42
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Casanovas O  et al. (2005) Drug resistance by evasion of antiangiogenic targeting of VEGF signaling in late-stage pancreatic islet tumors. Cancer Cell 8: 299â€“309
ArticleÂ 
    CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Bergers G  et al. (2003) Benefits of targeting both pericytes and endothelial cells in the tumor vasculature with kinase inhibitors. J Clin Invest 111: 1287â€“1295
ArticleÂ 
    CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank Avon Breast Cancer Crusade, Breakthrough Breast Cancer, The Mary Jean Mitchell-Greene Foundation and Cancer Research UK for funding.


Author information
Authors and Affiliations
	and M Dowsett is Professor of Biochemical Endocrinology and the Head of the Academic Department of Biochemistry, S Banerjee is an Avon Clinical Fellow, A Ashworth is Professor of Molecular Biology and Director, and L-A Martin is Group Leader in Molecular Endocrinology, all at the Breakthrough Breast Cancer Centre, Institute of Cancer Research, Royal Marsden Hospital, Institute of Cancer Research, London, UK., 
Susana Banerjee,Â Mitch Dowsett,Â Alan AshworthÂ &Â Lesley-Ann Martin


Authors	Susana BanerjeeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mitch DowsettView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alan AshworthView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Lesley-Ann MartinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding authors
Correspondence to
                Susana Banerjee or Lesley-Ann Martin.


Ethics declarations

              
                Competing interests

                S Banerjee declared she has received a research grant from Novartis. L Martin has declared she has received a research grant from AstraZeneca and Novartis. M Dowsett declared he has been a Consultant for Novartis and Roche, he has been on speakers bureau for Novartis and Roche, and has received a research grant from Novartis. A Ashworth has declared he has no competing interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Banerjee, S., Dowsett, M., Ashworth, A. et al. Mechanisms of Disease: angiogenesis and the management of breast cancer.
                    Nat Rev Clin Oncol 4, 536â€“550 (2007). https://doi.org/10.1038/ncponc0905
Download citation
	Received: 30 November 2006

	Accepted: 03 April 2007

	Issue Date: September 2007

	DOI: https://doi.org/10.1038/ncponc0905


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Using a combination of superb microvascular imaging and other auxiliary ultrasound techniques to increase the accuracy of gray-scale ultrasound for breast masses
                                    
                                

                            
                                
                                    	Mahboubeh Abedi
	Leyla Sahebi
	Shirin Shahsavarhaghighi


                                
                                BMC Cancer (2024)

                            
	
                            
                                
                                    
                                        The various role of microRNAs in breast cancer angiogenesis, with a special focus on novel miRNA-based delivery strategies
                                    
                                

                            
                                
                                    	Min Yang
	Ying Zhang
	Mohammad Darvishi


                                
                                Cancer Cell International (2023)

                            
	
                            
                                
                                    
                                        The emerging role of photoacoustic imaging in clinical oncology
                                    
                                

                            
                                
                                    	Li Lin
	Lihong V. Wang


                                
                                Nature Reviews Clinical Oncology (2022)

                            
	
                            
                                
                                    
                                        Molecular perspective on targeted therapy in breast cancer: a review of current status
                                    
                                

                            
                                
                                    	Busra Demir Cetinkaya
	Cigir Biray Avci


                                
                                Medical Oncology (2022)

                            
	
                            
                                
                                    
                                        Endothelial cells promote metastasis of prostate cancer by enhancing autophagy
                                    
                                

                            
                                
                                    	Ruizhe Zhao
	Xiaoyu Bei
	Qi Jiang


                                
                                Journal of Experimental & Clinical Cancer Research (2018)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Clinical Oncology (Nat Rev Clin Oncol)
                
                
    
    
        ISSN 1759-4782 (online)
    
    


                
    
    
        ISSN 1759-4774 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
