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Unit Outline
 The Financial Crisis and Securitization

 Megafunds

 Sizing Megafunds and Modeling Correlation

 When Megafunds Fail
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Megafunds
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 Can we use these 
same techniques to 
fund cancer drug 
development?

 Should we use these 
same techniques…?

Oct 2012
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Megafund Structure
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Year 1 Year 2 Year 3 Year 4 … Year 10

• ResidualEquity

• Interest PaymentsA Bonds

• Interest PaymentsAa Bonds

• Interest PaymentsAaa Bonds

Simulating A Cancer Megafund
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Fernandez, Stein, Lo (2012)
Simulate Historical Investment Performance
 Cost assumptions:

– DiMasi, Hansen, Grabowski (2004), Adams & Brantner (2006), DiMasi & Grabowski (2007), Paul 
et al. (2010)

 Historical data for revenues (valuations) and transitions:
– DEVELOPMENT optimizer (Deloitte Recap, LLC), Center for the Study of Drug Development 

(Tufts); January 1990 to January 2011: +2,000  733 compounds
– Bloomberg

 Seven-state Markov chain (PreC, Phases I–III, NDA, APP, WD)
– Simulation A (PreC to Phase II), Simulation B (Phase III to APP)
– run 500,000 simulations for each

 Financial structure of the megafund:
– Senior tranche (5% coupon), junior tranche (8% coupon), equity tranche
– 7.5-year tenor
– 0.5% annual management fee, 
– $5B for Simulation A (2:1 leverage), $15B for Simulation B (2.5:1 leverage)
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Fernandez, Stein, Lo (2012)
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Fernandez, Stein, Lo (2012)
Simulate Historical Investment Performance
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Fernandez, Stein, Lo (2012)
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Source: Fernandez, Stein, Lo (2012)



Sizing Megafunds and 
Modeling Correlation
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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

 Cultures are very different
 Value created in being able to bridge this gap

How Much Capital Do We Need?
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Fernandez, Stein, Lo, 
(NBT 2012)
 Sourcecode available 

in R and Matlab
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Denote Success/Failure of Project i By Ii = {0,1}

 Payoff is (I1 + I2 + ··· + In)  rNPV

 What is Pr(I1 + I2 + ··· + In = k)? For IID:

 How does correlation effect these probabilities?

Modeling Correlations Is Key
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Modeling Correlations Is Key

© 2017 by Andrew W. Lo 
All Rights Reserved

Unit 8 - Part 2 Slide 15

§ =

2

6
6
6
6
6
6
6
4

¾2
1 ¾12 ¢¢¢ ¾1n

¾21 ¾2
2 ¢¢¢ ¾2n

... ... . . . ...

¾n1 ¾n2 ¢¢¢ ¾2
n

3

7
7
7
7
7
7
7
5

=

2

6
6
6
6
6
6
4

¾1 0 ¢¢¢ 0

0 ¾2 ¢¢¢ 0

... ... . . . ...

0 0 ¢¢¢ ¾n

3

7
7
7
7
7
7
5

2

6
6
6
6
6
6
4

1 ½12 ¢¢¢ ½1n

½21 1 ¢¢¢ ½2n

... ... . . . ...

½n1 ½n2 ¢¢¢ 1

3

7
7
7
7
7
7
5

2

6
6
6
6
6
6
4

¾1 0 ¢¢¢ 0

0 ¾2 ¢¢¢ 0

... ... . . . ...

0 0 ¢¢¢ ¾n

3

7
7
7
7
7
7
5

 If project A fails, does that 
change your mind about 
project B’s prospects?
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 Often due to mutation in a single gene, e.g, Huntington’s, cystic 
fibrosis, Gaucher, paroxysmal nocturnal hemoglobinuria

 25 million Americans suffer from all rare diseases

 Smaller population, urgent need, higher prices, lower 
development costs, higher success rates (20%), faster time to 
approval (3–7 years)

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

 Lack of correlation is critical! (see Fagnan, Stein, Gromatzky, 
Fernandez, Lo, 2014, DDT)

Orphan Diseases
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Fagnan, Yang, McKew, Lo (2015)
Simulation Using Data From Live Portfolio

 National Center for Advancing Translational Sciences (NCATS); 
part of NIH established in 2012

 Therapeutics for Rare and Neglected Diseases (TRND) and 
Bridging Interventional Development Gaps (BrIDGs), 28 
projects in various stages of development

 Used actual expenses borne by NCATS and researchers, 
convened valuation panel of experts to estimate market value
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Fagnan, Yang, McKew, Lo (2015)*

Acquire 
compounds and 
fund initial trials

Check for regulatory success,
update compounds via transition 
matrix, sell approved compounds

Pay bond 
coupon or 
principal

Horizon 
reached?

Liquidation: final cash payment 
to equity holders

Fund new trials or sell existing 
compounds

Yes

No

*This is a simplified flowchart intended to highlight the overall structure of the 
simulation—please see the MATLAB code for the details.
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Fagnan, Yang, McKew, Lo (2015)
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Fagnan, Yang, McKew, Lo (2015)
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Stock market reaction = $238.3 million for Baxter
$423.1 million for Shire
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What About Early Stage Assets?
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 Start off with mostly equity and 
increase leverage over time as 
cash flows increase
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For Alzheimer’s, $30 Billion May Not Be Enough!

 Lo, Ho, Cummings, Kosik (STM, 2014)

 13-year development time, not 10; $500M to $600M in out-of-
pocket costs; probability of success   5%

 But not enough “shots on goal” (beta amyloid, tau)

– Correlated shots provide less risk reduction

 Basic science is not as developed as in oncology

 We have to “invest” in basic science of AD biology

 The private sector will not do this

And Now The Bad News…

© 2017 by Andrew W. Lo 
All Rights Reserved

Unit 8 - Part 2 Slide 23



15.482

And Now The Bad News…
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“The failure rate since 2002 
(excluding agents currently in 
Phase 3) is 99.6%”

2014
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We Need Parallel Drug Discovery Efforts

 If a single project takes 13 years and has a 1% chance of success, 
how long is the average waiting time E[T*] before the first success 
in a sequence of trials?

 Apart from diversification benefits, there are costs to waiting for 
success (in 2017, Medicare + Medicaid costs = $175 billion)

And Now The Bad News…
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E[T¤] = 13 £
1

p
= 1,300 Years



15.482

© 2017 by Andrew W. Lo 
All Rights Reserved

Unit 8 - Part 2 Slide 26

Projects

Degree of 

validation Projects

Degree of 

validation

AMYLOID NEUROINFLAMMATION

Aβ Passive Immunotherapy Complement receptor 1 low

A-beta antibodies (6) high TREM 2 low

Pyro A-beta antibodies (3) high Peroxisome proliferator-activated receptor (PPAR) agonists low

Antibodies targeted against soluble oligomers (3) high IL-1, IL-6,IL-12, IL-23 low

Aβ Synthesis TNFR low

β secretase inhibitors (6) medium P2X7R low

γ secretase inhibitors and modulators (3) low Monoacylglycerol Lipase low

α-secretase agonism low AUTOPHAGY/PROTEASOME/UNFOLDED PROTEIN RESPONSE

Aβ anti aggregation inhibitors/beta sheet breakers low Nilotinib low

Aβ clearance Proteasome pathways low

neprilsyn and plasmin low Unfolded protein response low

insulin-degrading enzyme low HORMONES/GROWTH FACTORS

Low-density lipoprotein receptor overexpression low Inactivation of gonadotropin-releasing hormone (GnRH) low

TAU PATHWAY Allopregnanolone low

Phosphorlyation inhibitors CERE-110: Adeno-associated virus delivery of NGF low

CDK5 low DYSREGULATION OF CALCIUM HOMEOSTASIS

GSK3β low InsP3R low

MARK/par1 low CALHM1 low

PKC low HEAVY METALS

MAPK low Copper low

PKA low Zinc low

p70S6K low MITOCHONDRIAL CASCADE/MITOCHONDRIAL UNCOUPLING/Antioxidants (3) low

Anti-aggregants (TRx0237) low DISEASE RISK GENES (3) low

Microtubule stabilizing agents (BMS 241027) low HDAC INHIBITORS low

Reduction of tau levels (Tau antibodies and antisense oligonucleotides) low GLUCOSE METABOLISM low

APOE4 / LIPID METABOLISM

activated receptor gamma and liver X receptors in coordination with RXR's low

SIRT1, sirtuin low

GIVA-PLA2 low

Lo, Ho, Cummings, Kosik (2014)
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Lo, Ho, Cummings, Kosik (2014)
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=  90% correlation

=  50% correlation

=  25% correlation

=  10% correlation

 Must ensure positive definiteness!

 Qi, H. and Sun, D., 2006, “A 
Quadratically Convergent Newton 
Method for Computing the Nearest 
Correlation Matrix,” SIAM J. Matrix 
Anal. Appl. 28, 360–385
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Lo, Ho, Cummings, Kosik (2014)
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10 20 30 10 20 30 10 20 30 10 20 30

p        

(%)

r    

(%)

p1     

(%)
E[R] SD[R]

5  0  96  -4.2 19.4 10.2 22.3 28.3 21.8 24.1 25.3 7.7 17.3 22.4 21.3 23.2 24.2 

5  40  69  -32.5 46.0 -21.5 -13.0 -8.6 53.2 59.0 61.9 -23.3 -16.5 -12.9 52.0 56.6 59.0 

5  80  40  -61.3 47.2 -54.0 -48.9 -46.4 56.1 62.3 65.4 -55.0 -51.0 -48.9 54.9 59.7 62.3 

10  0  100  5.0 5.0 14.4 26.9 33.2 3.9 4.4 4.6 11.8 21.7 27.0 3.8 4.2 4.4 

10  40  91  -7.2 29.4 4.5 15.9 21.7 32.3 35.9 37.7 2.2 11.2 16.0 31.6 34.4 35.9 

10  80  46  -54.5 49.0 -46.8 -41.0 -38.0 57.1 63.4 66.5 -48.0 -43.4 -40.9 55.8 60.8 63.4 

15  0  100  8.6 2.8 14.5 27.0 33.3 0.6 0.7 0.7 11.9 21.8 27.1 0.6 0.7 0.7 

15  40  98  3.2 15.8 12.3 24.6 30.8 15.8 17.5 18.4 9.8 19.5 24.7 15.5 16.8 17.5 

15  80  62  -38.6 48.4 -29.1 -21.3 -17.4 55.6 61.7 64.7 -30.6 -24.5 -21.2 54.4 59.2 61.7 

87  -14.3 33.4 -0.4 10.5 16.0 38.5 42.7 44.8 -2.6 6.0 10.6 37.6 41.0 42.8 KSK-CH

Private-

Sector 

Returns

M&M Returns Over Various Horizon (Years) Using AA Model

Parameters

SD[R]: Slowed-

Prog. (T3) (%)

Expectation and Standard Deviation of Annualized Return

E[R]: Delayed-

Onset (T2) (%)

SD[R]: Delayed-

Onset (T2) (%)

E[R]: Slowed-Prog. 

(T3) (%)

Simulated Return of AD Megafund

Source: Lo, Ho, Cummings, Kosik (2014)
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Recent Failures vs. New Approaches
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Nov 23, 2016

Feb 7, 2017

Feb 15, 2017
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Recent Failures vs. New Approaches
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Recent Failures vs. New Approaches
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Nature (published online 12 Oct 2014)
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Recent Failures vs. New Approaches
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Recent Failures vs. New Approaches
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Jan 25, 2017
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Many Other Possible Applications
 Pediatric oncology

 Vaccines

 Anti-infectives

 Clean energy

 Climate change

 Asteroid mining

 Space colonization

 etc.
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“Funding Long Shots”
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Can We Afford It?

October 14, 2016
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