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                Thomas Kuhn's The Structure of Scientific Revolutions argues that new insights often come from scientific renegades who champion new paradigms to account for observations that cannot be adequately explained by existing theory1. His views intrigued me while I was a Princeton undergraduate interested in the history of science. Imagine the scientific upheaval in 1543 when Copernicus proposed a heliocentric model to explain various astronomical observations, challenging the geocentric view of Ptolemy that had been in place for centuries. Cancer biologists and physicians completing their training today are likely to assume that the imatinib storyâ€”the discovery that imatinib (Gleevec) is an effective treatment for chronic myeloid leukemia (CML)â€”is a logical extension of earlier landmark discoveries that CML is caused by BCR-ABL, the tyrosine kinase inhibited by imatinib. Although true in a broad sense, the backstory is not quite so simple.
In 1995, the year that imatinib was first described by Nick Lydon and his colleagues, the general consensus was that cancers such as CML could be initiated by single oncogenic events or driver mutations. But there was skepticism about whether such tumors would remain dependent on the initial lesion, owing to the innumerable additional oncogenic events that accumulate in most cancers. This widely held view had important implications, because it predicted that inhibitors targeting the initiating lesion would fail unless a cocktail of drugs could be developed to target multiple lesions. Just 14 years later, this conclusion has been turned on its head. Most cancer drug discovery efforts are now focused on targeting individual oncogenic lesions, in the belief that many cancers remain dependent on driver mutations. Although the success of imatinib was not a revolution in the Copernican sense, it spawned a transformation in cancer research that has fueled an urgency to characterize cancer genomes comprehensively and discover the driver mutations in all cancers.
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                    Figure 1: Driver mutations in chronic phase versus blast crisis.[image: ]


Figure 2: Original sequence trace revealing the T315I mutation.[image: ]


Figure 3: ABL kinase domain structure bound to imatinib, with locations of 13 resistance mutations indicated.[image: ]


Figure 4: Individuals who participated in the phase 1 clinical trial of imatinib at UCLA.[image: ]



                


                
            

            
                References
	Kuhn, T.S. The Structure of Scientific Revolutions. (University of Chicago Press, Chicago, 1962).

                    Google ScholarÂ 
                

	Goldman, J.M. et al. Ann. Intern. Med. 108, 806â€“814 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nowell, P.C. & Hungerford, D.A. J. Natl. Cancer Inst. 25, 85â€“109 (1960).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Rowley, J.D. Nature 243, 290â€“293 (1973).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	de Klein, A. et al. Nature 300, 765â€“767 (1982).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shtivelman, E., Lifshitz, B., Gale, R.P. & Canaani, E. Nature 315, 550â€“554 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Konopka, J.B., Watanabe, S.M., Singer, J.W., Collins, S.J. & Witte, O.N. Proc. Natl. Acad. Sci. USA 82, 1810â€“1814 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mes-Masson, A.M., McLaughlin, J., Daley, G.Q., Paskind, M. & Witte, O.N. Proc. Natl. Acad. Sci. USA 83, 9768â€“9772 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Daley, G.Q., Van Etten, R.A. & Baltimore, D. Science 247, 824â€“830 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Druker, B.J. et al. Nat. Med. 2, 561â€“566 (1996).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weinstein, I.B. Science 297, 63â€“64 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gorre, M.E. et al. Science 293, 876â€“880 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shah, N.P. et al. Cancer Cell 2, 117â€“125 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shah, N.P. et al. Science 305, 399â€“401 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Talpaz, M. et al. N. Engl. J. Med. 354, 2531â€“2541 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shah, N.P. et al. J. Clin. Invest. 117, 2562â€“2569 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
Without the discovery of imatinib by N. Lydon and the demonstration of its preclinical activity by B. Druker, none of the work described here would have been possible. I am forever grateful to Brian and Nick for inviting me to join them on this project. I am indebted to O. Witte for accepting me into his laboratory when I was a naive oncology fellow and training me to think like a scientist. There could be no better mentor for an aspiring physician-scientist. I thank M. Talpaz for teaching me the intricacies of CML and for a wonderful partnership in the clinical development of imatinib and dasatinib. I am especially grateful for the hard work and dedication of the many graduate students, postdoctoral trainees and technicians who have been a part of my group over the past 16 yearsâ€”you are my second family. I especially want to single out M. Gorre and N. Shah, who broke the resistance story and worked essentially 24-7 for much of 2001â€“2002 to be sure we had it right and to follow up on the implications for next-generation inhibitors. It is hard to envision a more invigorating time in the laboratory, where the results of each experiment made a difference. The insights that led us to dasatinib would never have been possible without J. Kuriyan, who showed me the power of structural biology (with a front-row seat and three-dimensional glasses at his lab group meetings). I still owe John a beer for the figure he made in 2001 showing steric hindrance caused by the T315I mutation, but I suspect my obligation has now grown to a case of champagne. The dasatinib story emerged from a wonderful collaboration on the preclinical work with F. Lee and R. Kramer at Bristol-Myers Squibb, then on the clinical development with A. DeCillis, C. Nicaise and R. Canetta. One of the unique aspects of life as a physician-scientist is the opportunity to care for patients who, in effect, are the laboratory for your translational ideas. I had the privilege to care for several hundred patients with CML from 1998 to 2006, all of whom volunteered their lives to allow us to test our hypotheses. Many patients from the very early trials are no longer with us, but many others still are. I thank all of them and their families for their courage and inspiration. The clinical trials of imatinib and dasatinib were conducted in record time, requiring an amazing team of individuals working together to handle the volume of patients and clinical data collected. I especially want to thank my UCLA colleagues R. Paquette, L. Haddad, G. Naessig, D. Slamon and J. Gasson for all their support during the two-year period from 2000 to 2001 that none of us will ever forget. Lastly, I thank my family for all their support, encouragement and understanding. My parents, John and Julia Sawyers, both physicians, have been my role models from the beginning. My children, Sophie and Sam, amaze me every day with their sense of adventure and curiosity about everything in life. My wife, Susan, has been my companion and confidant for the past 21 years. She keeps me on an even keel and smiling all day long.


Author information
Authors and Affiliations
	Charles L. Sawyers is in the Human Oncology and Pathogenesis Program, Memorial Sloan Kettering Cancer Center and Howard Hughes Medical Institute, New York, New York, USA., 
Charles L Sawyers


Authors	Charles L SawyersView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Charles L Sawyers.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Sawyers, C. Shifting paradigms: the seeds of oncogene addiction.
                    Nat Med 15, 1158â€“1161 (2009). https://doi.org/10.1038/nm1009-1158
Download citation
	Issue Date: October 2009

	DOI: https://doi.org/10.1038/nm1009-1158


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

                
                    	
                            
                                
                                    
                                        MAPK-negative feedback regulation confers dependence to JAK2V617F signaling
                                    
                                

                            
                                
                                    	Meenu Kesarwani
	Zachary Kincaid
	Mohammad Azam


                                
                                Leukemia (2023)

                            
	
                            
                                
                                    
                                        Predictive validity in drug discovery: what it is, why it matters and how to improve it
                                    
                                

                            
                                
                                    	Jack W. Scannell
	James Bosley
	J. Mark Treherne


                                
                                Nature Reviews Drug Discovery (2022)

                            
	
                            
                                
                                    
                                        Cancer immunotherapy via targeted TGF-Î² signalling blockade in TH cells
                                    
                                

                            
                                
                                    	Shun Li
	Ming Liu
	Ming O. Li


                                
                                Nature (2020)

                            
	
                            
                                
                                    
                                        Emerging insights of tumor heterogeneity and drug resistance mechanisms in lung cancer targeted therapy
                                    
                                

                            
                                
                                    	Zuan-Fu Lim
	Patrick C. Ma


                                
                                Journal of Hematology & Oncology (2019)

                            
	
                            
                                
                                    
                                        Targeting c-FOS and DUSP1 abrogates intrinsic resistance to tyrosine-kinase inhibitor therapy in BCR-ABL-induced leukemia
                                    
                                

                            
                                
                                    	Meenu Kesarwani
	Zachary Kincaid
	Mohammad Azam


                                
                                Nature Medicine (2017)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                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 Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	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 Korea
	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: ]
