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            Abstract
Biomedical innovation has become riskier, more expensive and more difficult to finance with traditional sources such as private and public equity. Here we propose a financial structure in which a large number of biomedical programs at various stages of development are funded by a single entity to substantially reduce the portfolio's risk. The portfolio entity can finance its activities by issuing debt, a critical advantage because a much larger pool of capital is available for investment in debt versus equity. By employing financial engineering techniques such as securitization, it can raise even greater amounts of more-patient capital. In a simulation using historical data for new molecular entities in oncology from 1990 to 2011, we find that megafunds of $5â€“15 billion may yield average investment returns of 8.9â€“11.4% for equity holders and 5â€“8% for 'research-backed obligation' holders, which are lower than typical venture-capital hurdle rates but attractive to pension funds, insurance companies and other large institutional investors.
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                    Figure 1: Timeline of cash flow for simplified example of a typical drug-development program in which out-of-pocket costs with present value of $200 million at year 0 generate annual net income of $2 billion in years 11â€“20, implying a present value of $12.3 billion at year 10 (based on a 10% cost of capital).


Figure 2


Figure 3: Business structure of a biomedical megafund special-purpose vehicle.


Figure 4: Simulating two distinct business stages of a biomedical megafund.



                


                
                    
                
            

            
                References
	Pisano, G.P. Science Business: The Promise, the Reality, and the Future of Biotech (Harvard Business School Press, Boston, Massachusetts, USA, 2006).

	Pisano, G.P. The evolution of science-based business: innovating how we innovate. Working Paper 10-062 (Harvard Business School, 2010). &lt;http://www.hbs.edu/research/pdf/10-062.pdf&gt;

	Papadopoulos, S. Profile: Stelios Papadopoulos. Nat. Biotechnol. 29, 184 (2012).

                    Google ScholarÂ 
                

	Paul, S.M. et al. How to improve R&D productivity: the pharmaceutical industry's grand challenge. Nat. Rev. Drug Discov. 9, 203â€“214 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Anonymous. World Preview 2016 (Evaluate Pharma, 2010).

	Gao, X., Ritter, J.R. & Zhu, Z. Where have all the IPOs gone? Preprint at &lt;http://ssrn.com/abstract=1954788&gt; (2012).

	Huggett, B. Biotech's wellspring: a survey of the health of the private sector. Nat. Biotechnol. 30, 395â€“400 (2012).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nanda, R. & Rhodes-Kropf, M. Financing risk and innovation. Preprint at &lt;http://ssrn.com/abstract=1657937&gt; (2011).

	Nanda, R. & Rhodes-Kropf, M. Investment cycles and startup innovation. Preprint at &lt;http://ssrn.com/abstract=1950581&gt; (2011).

	Financial Innovations Lab. Fixes in financing: financial innovation for translational research (Milken Institute, 2012). &lt;http://www.milkeninstitute.org/pdf/FixesInFinancing.pdf&gt;.

	Merton, R. Continuous-Time Finance (Blackwell Publishing, Ltd., Oxford, UK, 1990).

	Neftci, S. Principles of Financial Engineering (Elsevier, Burlington, Massachusetts, USA, 2008).

	Anonymous. US Key Stats (Securities Industry and Financial Markets Association, 2012). &lt;http://www.sifma.org/uploadedFiles/Research/Statistics/StatisticsFiles/CM-US-Key-Stats-SIFMA.xls&gt;.

	Bluhm, C. & Wagner, C. Valuation and risk management of collateralized debt obligations and related securities. Annu. Rev. Financial Econom. 3, 193â€“222 (2011).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lo, A.W. Reading about the financial crisis: a 21â€“book review. J. Econ. Lit. 50, 151â€“178 (2012).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lucas, D. & McDonald, R. Valuing government guarantees: Fannie and Freddie revisited. in Measuring and Managing Federal Financial Risk (eds. Danzon, P. & Nicholson, S.) 131â€“162 (University of Chicago Press, Chicago, 2011).

	Blinder, A.S., Lo, A.W. & Solow, R.M. Rethinking Finance: New Perspectives on the Crisis (Russell Sage Foundation, New York, 2012).

	Reinhart, C. & Rogoff, K. This Time Is Different: Eight Centuries of Financial Folly (Princeton University Press, Princeton, New Jersey, USA, 2009).

	Goodman, M. Pharmaceutical industry financial performance. Nat. Rev. Drug Discov. 8, 927â€“928 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Munos, B. Lessons from 60 years of pharmaceutical innovation. Nat. Rev. Drug Discov. 8, 959â€“968 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lerner, J., Leamon, A. & Hardymon, F. Private Equity, Venture Capital, and the Financing of Entrepreneurship: The Power of Active Investing (Wiley, Hoboken, New Jersey, USA, 2011).

	Harrington, S. Cost of capital for pharmaceutical, biotechnology, and medical device firms. in The Oxford Handbook of the Economics of the Biopharmaceutical Industry (eds. Danzon, P. & Nicholson, S.) 75â€“99 (Oxford University Press, New York, 2012).

	Markowitz, H.M. Portfolio selection. J. Finance 7, 77â€“91 (1952).

                    Google ScholarÂ 
                

	National Venture Capital Association. National Venture Capital Association Yearbook 2011 (Thomson Reuters, New York, 2011).

	Ou, S. Corporate Default and Recovery Rates, 1920â€“2010 (Moody's Investors Service, 2011).

	Federal Reserve Board of Governors. Federal Reserve statistical release: Table h.15519 h.15(519) selected interest rates (16 March 2012). &lt;http://www.federalreserve.gov/releases/h15/20120326/&gt;.

	Finkelstein, S. & Temin, P. Reasonable Rx: Solving the Drug Price Crisis (Pearson Education, Upper Saddle River, New Jersey, USA, 2008).

	Ernst & Young. Beyond Borders: Global Biotechnology Report (Ernst and Young, New York, 2011).

	Bohn, J.R. & Stein, R.M. Active Credit Portfolio Management in Practice (John Wiley & Sons, Hoboken, New Jersey, USA, 2009).

	American Cancer Society. Cancer Facts & Figures 2011 (American Cancer Society, Atlanta, Georgia, USA, 2011).

	American Cancer Society. Global Cancer Facts & Figures Edn. 2 (American Cancer Society, Atlanta, Georgia, USA, 2011).

	Thomas, D. Oncology clinical trialsâ€”secrets of success. Biotech Now (23 February 2012). &lt;http://www.biotech-now.org/business-and-investments/2012/02/oncology-clinical-trials-secrets-of-success&gt;.

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

	Adams, C. & Brantner, V. Estimating the cost of new drug development: Is it really $802 million? Health Aff. 25, 420â€“428 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	DiMasi, J. & Grabowski, H. The cost of biopharmaceutical R&D: is biotech different? Managerial Decision Econom. 28, 469â€“479 (2007).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Standard & Poor's Rating Services. 2010 annual global corporate default study and rating transitions (Standard & Poor's, 2011). &lt;http://www.standardandpoors.com/ratings/articles/en/us/?articleType=HTML&assetID=1245302234237&gt;.

	National Association of State Retirement Administrators. NASRA issue brief: public pension plan investment returns (NASRA, 2012). &lt;http://www.nasra.org/resources/issuebrief120626.pdf&gt;.

	United States Department of the Treasury. Legacy Securities Public-Private Investment Program: Program Updateâ€”Quarter Ended March 31, 2012 (US Treasury, Washington, DC, USA, 2012).


Download references




Acknowledgements
We thank J. Broderick for his advice and help in understanding the challenges of developing and financing new drugs, and for motivating our interest in this area in discussions with A.W.L. in 2007. We also thank J. Reichert and the Center for the Study of Drug Development (Tufts University School of Medicine) for sharing their data with us and for her guidance and support in accessing these data, and L. Natanson of Deloitte Recap for giving us access to Recap's DEAL builder and DEVELOPMENT optimizer online tools, which contained detailed information on the economics of licensing deals and clinical trials of oncology compounds.
L. Han, J. Noraky, A. Singhal and C. Wilfong provided research assistance throughout the entire project, and we also acknowledge A. Bernard, H.H. Chen, M.J. Chen, R. Das and R. Garcia for research support during various phases of the project. Finally we thank the editor, K. Aschheim, and three reviewers for constructive comments and editorial advice, and D. Agus, J. Broderick, L. Cantley, S. Chinchalkar, J. Cox, J. Cummings, O. Dar, A. Das, J. Evans, J. Frangioni, A. Gilman, J. Goldfield, D. Higgons, T. Kalil, E. Kandel, M. Kanef, A. Kimball, D. Jamison, E. Lander, P. Legorreta, L. Lerer, J. Lewent, F. Maisonrouge, P. Mallick, M. Mansoura, N. Marko, A. Metz, R. Merton, F. Murray, K. Murthi, L. Nagahara, R. O'Neill, A. Powers, R. Riggs, D. Roth, M. Said, M. Stevens, K. Swarna, T. Tombrello, I. Wolff, A. Wood, G. Yago, and participants at the Financial Innovations Lab Workshop hosted by the Milken Institute and FasterCures in July 2011, the 2012 Milken Institute Conference, and the 2012 University of Southern California and National Cancer Institute Emerging Approaches in Oncology conference for helpful comments and discussion. The views and opinions expressed in this article are those of the authors only and do not represent the views and opinions of AlphaSimplex, MIT, Moody's Corporation, any of their affiliates or employees, or any of the individuals acknowledged above. Research support from the MIT Laboratory for Financial Engineering is gratefully acknowledged.


Author information
Authors and Affiliations
	MIT Sloan School of Management and Laboratory for Financial Engineering, Cambridge, Massachusetts, USA
Jose-Maria Fernandez,Â Roger M SteinÂ &Â Andrew W Lo

	Moody's Corporation, New York, New York, USA
Roger M Stein

	MIT CSAIL and EECS, Cambridge, Massachusetts, USA
Andrew W Lo

	AlphaSimplex Group, LLC, Cambridge, Massachusetts, USA
Andrew W Lo


Authors	Jose-Maria FernandezView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Roger M SteinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Andrew W LoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
All authors contributed equally to this research. A.W.L. first developed the idea for securitizing biomedical research after conversations with J. Broderick in March 2007 about a portfolio approach to biomedical innovation. A.W.L. assembled key members of the project team, provided funding through the MIT Laboratory for Financial Engineering and was responsible for overall project management. J.-M.F. was responsible for coordinating all aspects of the project, including directing research assistants, obtaining and processing all input data, calibrating the simulation parameters, running the simulations, and preparing the initial draft of the manuscript, with input and oversight from A.W.L. and R.M.S. R.M.S. developed the analytic framework for modeling the portfolio of drug compounds. R.M.S. and L. Han developed the R code with assistance from J. Noraky and J.-M.F., and input from A.W.L. and A. Singhal. A. Bernard converted the R code to Matlab. A.W.L. and J.-M.F. validated the final version of the Matlab code. R.M.S. also prepared the description of the simulation results, which was reviewed and revised by J.-M.F. and A.W.L. A.W.L. constructed the illustrative portfolio example and prepared the final draft of the manuscript, with input and revisions from J.-M.F. and R.M.S.
Corresponding author
Correspondence to
                Andrew W Lo.


Ethics declarations

              
                Competing interests

                J.M.F. declares no competing interests. R.M.S. declares the following competing interests: in addition to his MIT LFE position, R.M.S. is managing director at Moody's Corporation; member, Board of Directors, PlaNet Finance US; member, Advisory Council, Museum of Mathematics; president, Consortium for Systemic Risk Analytics. A.W.L. declares the following competing interests: in addition to his MIT faculty position, A.W.L. is a Research Associate, National Bureau of Economic Research; chief investment strategist, AlphaSimplex Group; consultant, Office of Financial Research; member, Moody's Advisory and Academic Research Committee; member, Financial Advisory Roundtable, Federal Reserve Bank of New York; member, Economic Advisory Committee, FINRA; member, Board of Overseers, Beth Israel Deaconess Medical Center; member, Academic Advisory Board, Consortium for Systemic Risk Analytics. No funding bodies had any role in study design, data collection and analysis, decision to publish or preparation of the manuscript. No direct funding was received for this study; general research support was provided by the MIT Laboratory for Financial Engineering and its sponsors. The authors were personally salaried by their institutions during the period of writing (though no specific salary was set aside or given for the writing of this paper).

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Analytics, Supplementary Methods, Supplementary Discussion and Supplementary Empirical Results (PDF 283 kb)


Supplementary Software
Zipped file containing all our simulation software in Matlab and R. (ZIP 163 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Fernandez, JM., Stein, R. & Lo, A. Commercializing biomedical research through securitization techniques.
                    Nat Biotechnol 30, 964â€“975 (2012). https://doi.org/10.1038/nbt.2374
Download citation
	Published: 30 September 2012

	Issue Date: October 2012

	DOI: https://doi.org/10.1038/nbt.2374


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

                
                    	
                            
                                
                                    
                                        Financing repurposed drugs for rare diseases: a case study of Unravel Biosciences
                                    
                                

                            
                                
                                    	Bechara Abouarab
	Christian Bazarian
	Frederic Vigneault


                                
                                Orphanet Journal of Rare Diseases (2023)

                            
	
                            
                                
                                    
                                        A novel approach to boost drug development in paediatric oncology
                                    
                                

                            
                                
                                    	Sam Daems
	Hilde Stevens
	Michel Goldman


                                
                                Nature Reviews Drug Discovery (2023)

                            
	
                            
                                
                                    
                                        Systematic risk in the biopharmaceutical sector: a multiscale approach
                                    
                                

                            
                                
                                    	Gazi Salah Uddin
	Muhammad Yahya
	Gerhard Kling


                                
                                Annals of Operations Research (2023)

                            
	
                            
                                
                                    
                                        Chitin and chitosan derived from crustacean waste valorization streams can support food systems and the UN Sustainable Development Goals
                                    
                                

                            
                                
                                    	Hamid Amiri
	Mortaza Aghbashlo
	Meisam Tabatabaei


                                
                                Nature Food (2022)

                            
	
                            
                                
                                    
                                        Reimagining Health as a â€˜Flow on Effectâ€™ of Biomedical Innovation: Research Policy as a Site of State Activism
                                    
                                

                            
                                
                                    	Georgia Miller
	Declan Kuch
	Matthew Kearnes


                                
                                Minerva (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    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
            
        


    









    








