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            The most comprehensive survey of clinical success rates across the drug industry to date shows productivity may be even lower than previous estimates.
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                    Figure 1: Phase success and LOA rates.[image: ]


Figure 2: Phase success and LOA from phase 1 by disease for all indications.[image: ]


Figure 3: NDA/BLA success rates.[image: ]


Figure 4: Root-cause analysis for 359 phase 3 and 95 NDA/BLA suspended programs.[image: ]



                


                
            

            
                References
	Lloyd, I., ed. Citeline Drug Intelligence. Pharma R&D Annual Review 2011. http://www.citeline.com/wp-content/uploads/Citleine-Pharma-RD-annual-review-20111.pdf (Citeline Drug Intelligence, 2012).

                    Google ScholarÂ 
                

	EvaluatePharma. World Preview 2018: Embracing the Patent Cliff. http://info.evaluatepharma.com/WP2018_ELS_LP.html (2012).

	Pharmaceutical Research and Manufacturers of America. Annual Report 2011. http://www.phrma.org/sites/default/files/159/phrma_2011_annual_report.pdf (2011).

	Mullard, A. 2012 FDA drug approvals. Nat. Rev. Drug Discov. 12, 87â€“90 (2013).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Cohen, F.J. Macro trends in pharmaceutical innovation. Nat. Rev. Drug Discov. 4, 78â€“84 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	DiMasi, J.A., Feldman, L., Seckler, A. & Wilson, A. Trends in risks associated with new drug development: success rates for investigational drugs. Clin. Pharmacol. Ther. 87, 272â€“277 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kaitin, K.I. & DiMasi, J.A. Pharmaceutical innovation in the 21st century: new drug approvals in the first decade, 2000â€“2009. Clin. Pharmacol. Ther. 89, 183â€“188 (2011).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kola, I. & Landis, J. Can the pharmaceutical industry reduce attrition rates? Nat. Rev. Drug Discov. 3, 711â€“715 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Abrantes-Metz, R., Adams, C. & Metz, A. Pharmaceutical Development Phases: A Duration Analysis. Working paper no. 274. http://www.ftc.gov/be/workpapers/wp274.pdf (US Federal Trade Commission: Bureau of Economics, 2004).

                    Google ScholarÂ 
                

	Henderson, R. & Cockburn, I. Scale, scope, and spillovers: the determinants of research productivity in drug discovery. Rand J. Econ. 27, 32â€“59 (1996).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Cockburn, I.M. & Henderson, R.M. Scale and scope in drug development: unpacking the advantages of size in pharmaceutical research. J. Health Econ. 20, 1033â€“1057 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Danzon, P.M., Nicholson, S. & Pereira, N.S. Productivity in pharmaceuticalâ€“biotechnology R&D: the role of experience and alliances. J. Health Econ. 24, 317â€“339 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Arora, A., Gambardella, A., Magazzini, L. & Pammolli, F. A breath of fresh air? Firm type, scale, scope, and selection effects in drug development. Manage. Sci. 55, 1638â€“1653 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Sheck, L. et al. Success rates in the United States drug development system. Clin. Pharmacol. Ther. 36, 574â€“583 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tucker, S.A., Blozan, C. & Coppinger, P. The Outcome of Research on New Molecular Entities Commencing Clinical Research in the Years 1976â€“79 (OPE Study 77). (Office of Planning and Evaluation, US Food and Drug Administration, Rockville, MD, 1988).

	DiMasi, J.A. Success rates for new drugs entering clinical testing in the United States. Clin. Pharmacol. Ther. 58, 1â€“14 (1995).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	DiMasi, J.A. Risks in new drug development: approval success rates for investigational drugs. Clin. Pharmacol. Ther. 69, 297â€“307 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	DiMasi, J.A., Hansen, R.W. & Grabowski, H.G. The price of innovation: new estimates of drug development costs. J. Health Econ. 22, 151â€“185 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	DiMasi, J.A. & Grabowski, H.G. The cost of biopharmaceutical R&D: is biotech different? Manag. Decis. Econ. 28, 469â€“479 (2007).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Edelman, M.J. in 2010 American Society of Clinical Oncology (ASCO) Annual Meeting (Chicago, IL; 2010).

                    Google ScholarÂ 
                

	FDA. Guidance for Industry: Adaptive Design Clinical Trials for Drugs and Biologics. http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm201790.pdf (FDA, Center for Drug Evaluation and Research, Center for Biologics Evaluation and Research, 2010).


Download references




Acknowledgements
This research was supported by Sagient Research Systems and the Biotechnology Industry Organization (BIO). The authors are indebted to the analysts at BioMedTracker who have collected these data. We would also like to thank our colleagues at BIO and BioMedTracker for their input and advice in the development of this study. The authors are solely responsible for the design, conduct and analysis of the study, and the conclusions that are drawn. The opinions expressed in this article are those of the authors and do not necessarily reflect the views of their employers.


Author information
Authors and Affiliations
	Michael Hay and Jesse Rosenthal are at BioMedTracker, Sagient Research Systems, San Diego, California, USA, 
Michael HayÂ &Â Jesse Rosenthal

	David W. Thomas and Celia Economides are at the Biotechnology Industry Organization (BIO), Washington, DC, USA, 
David W ThomasÂ &Â Celia Economides

	John L. Craighead is at Biotech Strategy & Analytics, Rockville, Maryland, USA., 
John L Craighead


Authors	Michael HayView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David W ThomasView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	John L CraigheadView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Celia EconomidesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jesse RosenthalView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Michael Hay.


Ethics declarations

              
                Competing interests

                M.H. and J.R. are employees of Sagient Research Systems, Inc. D.W.T. is an employee of Biotechnology Industry Organization. J.L.C. is the owner of Biotech Strategy & Analytics. C.E. is an employee of Prosensa Holding N.V.

              
            

Supplementary information

Supplementary Figures and Supplementary Tables
Supplementary Figures 1 and 2 and Supplementary Tables 1 and 2 (PDF 28 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Hay, M., Thomas, D., Craighead, J. et al. Clinical development success rates for investigational drugs.
                    Nat Biotechnol 32, 40â€“51 (2014). https://doi.org/10.1038/nbt.2786
Download citation
	Published: 09 January 2014

	Issue Date: January 2014

	DOI: https://doi.org/10.1038/nbt.2786


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

                
                    	
                            
                                
                                    
                                        Unraveling the complexity of STAT3 in cancer: molecular understanding and drug discovery
                                    
                                

                            
                                
                                    	Yamei Hu
	Zigang Dong
	Kangdong Liu


                                
                                Journal of Experimental & Clinical Cancer Research (2024)

                            
	
                            
                                
                                    
                                        Characteristics of Anticancer Drugs Approved Under the Accelerated Approval Program in the US: Success or Failure in Converting to Regular Approval
                                    
                                

                            
                                
                                    	Yoshihiro Oda
	Mamoru Narukawa


                                
                                Therapeutic Innovation & Regulatory Science (2024)

                            
	
                            
                                
                                    
                                        Assessing Patient Risk, Benefit, and Outcomes in Drug Development: A Decade of Lenvatinib Clinical Trials: A Systematic Review
                                    
                                

                            
                                
                                    	Patrick Crotty
	Karim Kari
	Matt Vassar


                                
                                Targeted Oncology (2024)

                            
	
                            
                                
                                    
                                        The Role of Genetics in Advancing Cardiometabolic Drug Development
                                    
                                

                            
                                
                                    	Roukoz Abou-Karam
	Fangzhou Cheng
	Akl C. Fahed


                                
                                Current Atherosclerosis Reports (2024)

                            
	
                            
                                
                                    
                                        Concept and application of the probability of pharmacological success (PoPS) as a decision tool in drug development: a position paper
                                    
                                

                            
                                
                                    	Chao Chen
	Xuan Zhou
	Raman Sharma


                                
                                Journal of Translational Medicine (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    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
                                
                            
	
                                
                                    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 Biotechnology (Nat Biotechnol)
                
                
    
    
        ISSN 1546-1696 (online)
    
    


                
    
    
        ISSN 1087-0156 (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: Translational Research]
                    Sign up for the Nature Briefing: Translational Research newsletter â€” top stories in biotechnology, drug discovery and pharma.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


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

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in translational research, free to your inbox weekly.
            Sign up for Nature Briefing: Translational Research
            
        


    









    [image: ]







[image: ]
