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Biomedicine Is At An Inflection Point
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Biomedicine Is At An Inflection Point
The “omics” Revolution:
▪ Genomics
▪ Epigenomics
▪ Transcriptomics
▪ Proteomics
▪ Metabolomics
▪ Microbiomics

What About     
Economics??
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The Challenge of Drug Development
3 Features:
1. Costly
2. Low PoS
3. Long duration
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Example: Combination Therapies
▪ 2,800 approved drugs
▪ 3,918,600 pairs
▪ 3,654,747,600 triplets
▪ 1,429,081,599,400,560 quintuplets
▪ Other parameters:

– Dosage regimens
– Biomarkers
– Resistance
– Side-effects, litigation
– Pricing, FDA, etc.

Source: Scannell et al. (NRDD 2012)

Eroom’s Law
The Challenge of Drug Development
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Investment Pop Quiz #1
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SR = 0.43

SR = 2.98 SR = 0.54
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Investment Pop Quiz #2
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Consider The Following Investment Opportunity:

▪ $200MM investment, 10-year horizon

▪ Probability of positive payoff is 5%

▪ If successful, annual profits of $2B for 10-year patent

+51% w.p.   5% or
−100% w.p. 95%

E[R] =    11.9%
SD[R] =  423.5%
SR = 0.02



What If We Invest In 150 Programs Simultaneously?:

▪ Requires $30B of capital

▪ Assume programs are IID (can be relaxed)

▪ Diversification changes the economics of the business:

▪ But can we raise $30B??

▪ It depends on the portfolio’s risk/reward profile         
(correlations?)

Financial Engineering Can Help
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SR = 0.34



Event Probability

Minimum 

Year-10 

NPV

Maximum 

Year-0 

Proceeds 

at 1.53% 

(BofAML 

AA 10-Yr 

as of 

10/12/20)

Maximum  

Year-0 

Proceeds 

at 1.68% 

(BofAML A 

10-Yr as of 

10/12/20)

Maximum  

Year-0 

Proceeds 

at 2.41% 

(BofAML 

BBB 10-Yr 

as of 

10/12/20)

At least 1 hit: 99.95%   $12,289   $10,558    $10,403    $8,321    

At least 2 hits: 99.59%   $24,578   $21,116    $20,806    $16,641    

At least 3 hits: 98.18%   $36,867   $31,674    $31,210    $24,962    

At least 4 hits: 94.52%   $49,157   $42,232    $41,613    $33,282    

At least 5 hits: 87.44%   $61,446   $52,789    $52,016    $41,603    

What If We Invest In 150 Programs Simultaneously?:

▪ With reduced risk, debt-financing is feasible!

Financial Engineering Can Help
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Financial Engineering Can Help
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ICE Bank of America Single-A U.S. Corporate Index Effective Yield
Dec 31, 1996 to Oct 12, 2020



Financial Engineering Can Help
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Investment Pop Quiz #3
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Pharma Biotech

500-Day Rolling-Window Betas
25 Nov 1996 to 17 Sep 2020

Why Do 
Biotechs Have 
Such High 
Betas??



FAQs (details, details…)
▪ Do we really need $30 billion?

▪ What’s the market failure; why hasn’t this been done already?

▪ Isn’t pharma already doing this? If not, isn’t government doing it?

▪ Is there enough capacity (projects, capital, and people)?

▪ Isn’t biomedicine too complex to manage as a large portfolio?

▪ Are there any other similar industries that use these techniques?

▪ How about drug pricing? Can we afford these therapies?

▪ What role can/should government play?

▪ Are there existing examples of megafunds?
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Short Answer



Short Answer



Short Answer



Long Answer
▪ Cancer: Fernandez, Stein, Lo (2012), Das and Lo (2017), Das, Rousseau, Adamson, Lo (2018), 

Chaudhuri, Cheng, Pepke, Rinaudo, Roman, Spencer, Lo (2019), Alexander et al. (2019), Wong, Siah, 
Lo (2019)

▪ Alzheimers: Lo, Ho, Cummings, Kosik (2014)

▪ Vaccines and Anti-Infectives: Vu, Chaudhuri, Kaplan, Mansoura, Lo (2019), Wong, Siah, Lo (2020)

▪ Guarantees: Fagnan, Stein, Fernandez, Lo (2013)

▪ Rare diseases, NCATS: Fagnan, Gromatzky, Stein, Lo (2014), Fagnan, Yang, McKew, Lo (2015), Kim 
and Lo (2016), Das, Huang, Lo (2019), 

▪ Dynamic leverage: Montazerhodjat, Frishkopf, Lo (2015)

▪ Drug mortgages: Montazerhodjat, Weinstock, Lo (2016)

▪ Clinical trial design: Montazerhodjat, Chaudhuri, Sargent, Lo (2017), Chaudhuri, Sheldon, Irony, Ho 
(2018), Isakov, Lo, Montazerhodjat (2019), Chaudhuri and Lo (2020), Xu, Chaudhuri, Xiao, Lo (2020)

▪ Estimating and forecasting clinical trial outcomes: Wong, Siah, Lo (2019, 2020a,b),                          
Siah, Wong, Lo (2019,2020)
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The Amount of Capital Needed Depends On:

▪ Cost per shot
▪ Probability of success
▪ Duration of trials
▪ Correlation of shots
▪ Profits per success

Finance and Biomedical Experts                                                
Must Collaborate

How Much Capital Do We Need?
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Siah and Lo (2020)
https://bit.ly/33Fpqdh
Sourcecode: 
https://projectalpha.mit.edu

https://bit.ly/33Fpqdh
https://projectalpha.mit.edu/


Fundamental Law of Healthcare Finance

E[NPV] = PV[Profits] × PoS − Costs
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Fundamental Law of Healthcare Finance
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Analytics for Lifesciences Professionals and Healthcare Advocates

https://projectalpha.mit.edu/



▪ Often due to mutation in a single gene, e.g, hemophilia, cystic 
fibrosis, ALS, Gaucher, paroxysmal nocturnal hemoglobinuria

▪ 30 million Americans suffer from over 7,000 rare diseases

▪ Smaller population, urgent need, higher prices, lower 
development costs, higher success rates (25%), faster                  
approvals (3–7 years), 1983 Orphan Drug Act, etc.

▪ $400–$500 million of capital and 10–20 projects                          
are sufficient

Lack of Correlation Is Critical!

Orphan Diseases
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Fagnan, Yang, McKew, Lo (2015)
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Example: AADC Deficiency
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../201804_CSAIL_TAIWAN/Figure 2 - Patient Outcomes.mp4


New Business Models Are Emerging
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Jan 3, 2017



New Business Models Are Emerging
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New Business Models Are Emerging

BioBonds in 
2021??
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Conclusion
I Want To Be Harvey Lodish!

Finance Doesn’t Have To Be A                                             
Zero-Sum Game
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With the right kind 
of financing and at 
the right scale, we 
can do well by 
doing good!



Thank 
You!


