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 Non-rivalry of ideas (design/blueprints)
 Water bottle, but idea of ral rehydration therapy  (Paul Romer)

(right proportion of salt in water to fight diarrhea)

 R&D externality > 0 underinvestment
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Innovation



 Non-rivalry of ideas (design/blueprints)
 Water bottle, but idea of ral rehydration therapy  (Paul Romer)

(right proportion of salt in water to fight diarrhea)

 R&D externality > 0 underinvestment

 Interplay of
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Innovation

State VC funding
capitalists

entrepreneur



 Basic Research
 Long horizon, high risk of investment

 Cost subsidy
 Demand pull/guarantee
 Patent protection: Grant temporary monopoly
 Price discrimination
 Withhold health from the poor  (immoral) 
 X-Prize Michael Kremer

 Risk absorption (“de-risking”)
 Coinvest (also via taxes)
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Innovation and the Government



 Old model: Large cooperation
R&D expenditures
 Better risk sharing

 Start-up Model
 R&D in small start-ups
 Large firms 

take over successful start-ups
use large distribution network
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2 Innovation models



Welcome failure vs. bankruptcy stigma
Promoting risk taking via limited liability
vs. ordoliberal “liability principle”  or stigma
 Implies higher interest rate

 Venture capitalism
 Optimal risk sharing + real options
 Expertise/advice
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Innovation, Risk, and Finance
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Biomedicine Is At An Inflection Point
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“I went outside when it was snowing, and I was like, 
‘Oh! I can see the snowflakes!’” Caroline said. “It 
was really cool to actually see something that I've 
never seen in my life before.”

May 27, 2016



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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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 1.56% 
(BofAML 
AA 10-Yr 

as of 
1/31/21)

Maximum  
Year-0 

Proceeds 
at 1.64% 

(BofAML A 
10-Yr as of 
1/31/21)

Maximum  
Year-0 

Proceeds 
at 2.16% 
(BofAML 

BBB 10-Yr 
as of 

1/31/21)

At least 1 hit: 99.95%   $12,289   $10,527    $10,444    $8,501    
At least 2 hits: 99.59%   $24,578   $21,054    $20,888    $17,003    
At least 3 hits: 98.18%   $36,867   $31,580    $31,333    $25,504    
At least 4 hits: 94.52%   $49,157   $42,107    $41,777    $34,005    
At least 5 hits: 87.44%   $61,446   $52,634    $52,221    $42,507    

What If We Invest In 150 Programs Simultaneously?:
 With reduced risk, debt-financing is feasible!

Financial Engineering Can Help
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ROI

		Return of a theoretical investment on a portfolio of drugs														Estimates for out of pocket costs

		in bn USD and %														Phase		S Paul paper		Dimasi paper

		Avg out of pocket costs		200												1		15		15

		number of projects		1												2		40		23

		total fund size		200												3		150		86

		probab succ per drug		5%												total		205		124

		Cost developing one compound		4000

		probab success portfolio		5%

		sales		7000				Assuming 10 years of sales post approval; i think this is more realistic

		gross margin		0.8

		tax rate		0.2

		net income		4480

		cost capital		10%

		time		1.00		2.00		3.00		4.00		5.00		6.00		7.00		8.00		9.00		10.00		11.00		12.00		13.00		14.00		15.00		16.00		17.00		18.00		19.00		20.00

		Net income		4,480.00		4,480.00		4,480.00		4,480.00		4,480.00		4,480.00		4,480.00		4,480.00		4,480.00		4,480.00						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				4,072.73		3,702.48		3,365.89		3,059.90		2,781.73		2,528.84		2,298.95		2,089.95		1,899.96		1,727.23						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0



		PV (sum CF)		27,527.66				1,376.38

		PV (probab weighted		1,376.38

		upfront inv		200



		ROI portfolio		21.3%

		ROI single shot

		upfront single shot		200

		success		21.3%

		failure		-100%





ROI 2

				A more complete and rigorous study

				Number of compounds		100

				Phase		S Paul paper		transit probab		Number comp life		Investment

				1		15		54.0%		100.0		1500

				2		40		34.0%		54.0		2160

				3		150		70.0%		18.4		2754

				nda		40		91.0%		12.9		514.08

				market						11.7

				total		245		11.7%				6928.08

				We would invest 6.9b but not 24.5b that woudl result from using directly the numbers sugested by S Paul

				discount rate		0.1



		Calculations for Blockbuster

				probab Bbuster		0.2

				sales:		1100

				net income		704

		time		1.00		2.00		3.00		4.00		5.00		6.00		7.00		8.00		9.00		10.00

		Net income		704.00		704.00		704.00		704.00		704.00		704.00		704.00		704.00		704.00		704.00

				640.00		581.82		528.93		480.84		437.13		397.39		361.26		328.42		298.56		271.42



		PV (sum CF)		4,325.78

		Number BB		2.339

		PV (BB)		10,118.27		 				expected sales		380

		Calculations for  NON Blockbuster

				probab Bbuster		0.8

				sales:		200

				net income		128

		time		1.00		2.00		3.00		4.00		5.00		6.00		7.00		8.00		9.00		10.00

		Net income		128.00		128.00		128.00		128.00		128.00		128.00		128.00		128.00		128.00		128.00

				116.36		105.79		96.17		87.43		79.48		72.25		65.68		59.71		54.28		49.35



		PV (sum CF)		786.50

		Number BB		9.4

		PV (BB)		7,358.74

		Total PV		17,477.00

		upfront inv		6928.08



		ROI portfolio		9.7%

				Limitations of this analysis

				Probab of BB is assumed

				Costs may be overestimated

				NOTE in NDA there are some costs. These we saw when we discussed S Paul model long time ago in our meeting with Jim. In fact, they are called submission to launch costs which is 

				more than NDA costs. I think it includes costs to prepare the drug to be marketed bayond the approval. There is not enough info in the paper and at the time we disregarded them. 

				I can clarify more about this on the phone if you want















































ROI 3

		Return of a theoretical investment on a portfolio of drugs														Estimates for out of pocket costs

		in bn USD and %														Phase		S Paul paper		Dimasi paper

		Avg out of pocket costs		125												1		15		15

		number of projects		1				P (1-MAKT)		17.0%						2		40		23

		total fund size		125				P (BB)		5.3%						3		150		86

		probab succ per drug		5%												total		205		124

		Cost developing one compound		2372

		probab success portfolio		5%

		sales		2000

		gross margin		0.8

		tax rate		0.2

		net income		1280

		cost capital		10%



		time		1.00		2.00		3.00		4.00		5.00		6.00		7.00		8.00		9.00		10.00		11.00		12.00		13.00		14.00		15.00		16.00		17.00		18.00		19.00		20.00

		Net income		1,280.00		1,280.00		1,280.00		1,280.00		1,280.00		1,280.00		1,280.00		1,280.00		1,280.00		1,280.00						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0

				1,163.64		1,057.85		961.68		874.26		794.78		722.53		656.84		597.13		542.84		493.50						- 0		- 0		- 0		- 0		- 0		- 0		- 0		- 0



		PV (sum CF)		7,865.05				414.49

		PV (probab weighted		414.49																pay offs		probab

		upfront inv		125														success		1.97		0.05

																		fail		-1		0.95

		ROI portfolio		12.7%														exp ROI		97%

		ROI Success		51.3%														R(bar)		3833%

																		stdv		856%				for n=1		856%

																								1000		86%

		# shots		1		50		1		50		1		50

		SALES		1100		1100		2000		2000		3000		3000

		upfront single shot		125		6250		125		6250		125		6250

		expected ROI		6.2%		-4.3%		12.7%		1.6%		17.4%		5.8%

		success		42.5%		-3.6%		51.3%		2.3%		57.6%		6.6%

		failure		-100%		-100%		-100%		-100%		-100%		-100%





Chart1



1	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	4.234850627276165	1.3391773532785465	0.94694138771471292	0.77317440540801941	0.66958867663927324	0.59889831917181613	0.54671686510388728	0.50616146259781747	0.47347069385735646	0.44639245109284881	0.42348506272761649	0.40377716441510531	0.3865872027040097	0.37142097032199639	0.35791020257821782	0.34577410579106249	Number of Projects



Volatility





PortExample

																						click here for updated AA yield

																						click here for updated A yield				1.56%		1.64%		2.16%

																						click here for updated BBB yield

																				Event		Probability		Minimum Year-10 NPV		Maximum Year-0 Proceeds at 1.56% (BofAML AA 10-Yr as of 1/31/21)		Maximum  Year-0 Proceeds at 1.64% (BofAML A 10-Yr as of 1/31/21)		Maximum  Year-0 Proceeds at 2.16% (BofAML BBB 10-Yr as of 1/31/21)





				Revenue Per Year ($MM)		$2,000						1		423.5%						At least 1 hit:		99.95%   		$12,289   		$10,527    		$10,444    		$8,501    

				Year-10 PV		$12,289						10		133.9%				1		At least 2 hits:		99.59%   		$24,578   		$21,054    		$20,888    		$17,003    

				Cost of Capital		10%						20		94.7%				2		At least 3 hits:		98.18%   		$36,867   		$31,580    		$31,333    		$25,504    

				Initial Investment Per Trial ($MM)		$200						30		77.3%				3		At least 4 hits:		94.52%   		$49,157   		$42,107    		$41,777    		$34,005    

				Number of Trials		150						40		67.0%				4		At least 5 hits:		87.44%   		$61,446   		$52,634    		$52,221    		$42,507    

				Total Investment		$30,000						50		59.9%

				alpha (prob of success)		5%						60		54.7%

												70		50.6%

				Return Good State (annualized)		51.0%						80		47.3%

				Expected Return Per Trial (annualized)		11.9%						90		44.6%

				SD of Return Per Trial (annualized)		423.5%						100		42.3%

												110		40.4%

				SD of Total Return		34.6%						120		38.7%

												130		37.1%						0.15724

				Probability of at least one success		99.95%						140		35.8%						1,027

				Borrow $10 at Date 0, Maturing Date 10, 30% E[R],  F =		$2,757						150		34.6%						161.48548

				Implied Yield		75%

				Equity Value in Good State          S =		$9,532





http://research.stlouisfed.org/fred2/series/BAMLC0A2CAAEYhttps://research.stlouisfed.org/fred2/series/BAMLC0A3CAEYhttps://fred.stlouisfed.org/series/BAMLC0A4CBBBEY

DebtCapacity

				Default Prob		0.01

				n		150

				X		$12,289

				alpha		0.05

				Debt Capacity F =		$15,857				Debt Face		$24,578.27

				AAA yield		3.85%				Proceeds		$16,845.59

				PV		$10,868				Equity		$13,154.41

										Expected Payoff		$92,168.51

				expected return		0.3				SD Payoff		$32,803.01

				F		2757.16983698

				yield		75.4%				Equity

										Expected Return		21.5%

										SD		78.9%

										Debt

				0.0040520416						Expected Payoff		24478.6762563413

										Expected return		3.808%







Financial Engineering Can Help
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ICE Bank of America Single-A U.S. Corporate Index Effective Yield
Dec 31, 1996 to Jan 31, 2021



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?

© 2021 by Andrew W. Lo 
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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)

https://bit.ly/3oDzxI1
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https://bit.ly/3oDzxI1


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?

© 2021 by Andrew W. Lo 
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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/


 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

© 2021 by Andrew W. Lo 
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Fagnan, Yang, McKew, Lo (2015)
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New Business Models Are Emerging
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Jan 3, 2017
2 Feb 2021



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!

https://alo.mit.edu
https://lfe.mit.edu
https://projectalpha.mit.edu

@AndrewWLo

https://alo.mit.edu/
https://lfe.mit.edu/
https://projectalpha.mit.edu/
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