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Biomedicine Is At An Inflection Point
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Biomedicine Is At An Inflection Point
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Biomedicine Is At An Inflection Point
Series of Breakthroughs In Biomedicine:

= 2001: Gleevecg, first of a new class of drugs based on molecular biology
(tyrosine kinase inhibitor)

= 2004: Avastin, angiogenesis inhibitor (VEGF)
= 2006: Sutent, approved for RCC and GIST simultaneously

= 2008: First cancer genome (leukemia) sequenced by Wash U. Genome
Institute, Nature 456 (2008):66-72.

= 2012: Dr. Lukas Wartman, Wash U. “cured” of acute lymphoblastic
leukemia via RNA analysis and Sutent

= 2012: David Aponte “cured” of same type of leukemia using
immunotherapy (T-cells targeting CD19)

= 2014: Keytruda approved, PD-1 immunotherapy
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Biomedicine Is At An Inflection Point
Series of Breakthroughs In Biomedicine:
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Our top news photography this week. Slideshow »
Separatist clashes in Azerbaijan
Going hungry in Yemen

The art of Shaolin

Creatures caught on camera

Former U.S. President Jimmy Carter delivers a lecture on the eradication of the Guinea worm, atthe House of Lords in
London, Britain February 3, 2016

Former U.S. President Jimmy Carter said on Sunday that he will no longer need treatment
for melanoma, a type of skin cancer that had spread to his liver and brain, a spokeswoman
said.
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Biomedicine Is At An Inflection Point

Pharma vs. Biotech
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Biomedicine Is At An Inflection Point

Pharma vs. Biotech
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So Why Is Funding Declining??

NIH funding, FY 1950-2019

100 1
in thousands of constant 2013 BRDPI adjusted doIIars{ T 90
$60,000,000
- : o0 80 -
Table 2 Number of active VC firms £
YOOI Region 2008 2009 2010 2 8 70 A
Canada 10 5 10 0O «
$40,000,000 : o £ 60 4
China 2 4 % ic
< 50 -
$30,000,000 Europe 105 106 111 _GE) o
India 1 3 g 2 40 -
Qo
$20,000,000 Israel 12 6 5 £ 3 36
United States @’ 163 143 S :
Global total® 09 256 252 § 2
$10,000,000 ° ir 20 -
@The global total is not a sum of all regions, as an investor that 3
50 total. Source: Dow Jones VentureSource 10 A .
- ' Source: bio.org
1950 1960 19/0 1980 1990 l 0 + — — = . - - = - .

[SVES

Source: NIH funding figures through FY 2014 are
are based on data from the Congressional Budge

sed on total budget authority. Projected NIH funding figures for FY 201°
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2013
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The Challenge of Drug Development

Phase IV/Ongoing
Drug FDA Scale-Up to Research
Discovery Clinical Trials Review Manufacturing and Monitoring

TENS OF

OF COMPOUNDS 3 Features:
1. Costly

@ ONE FDA- &
i) 2 Lowpes
PHASE | PHASE Il PHASE Il

NUMBER OF VOLUNTEERS 3- Long d u ration

20-100 100-500 1,000-5,000

| |

PRE-DISCOVERY:
BASIC RESEARCH AND SCREENING

3-6 YEARS 6-7 YEARS 0.5-2 YEARS INDEFINITE
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The Challenge of Drug Development

Example: Combination Therapies Eroom’s Law
[ 2’ 800 a p p rove d d ru g S x Overall trend in R&D efficiency (inflation-adjusted)
= 3,918,500 pairs
" 3,654,747,600 triplets
= 1,429,081,599,400,560 quintuplets : | e
= Other parameters:

regulation

FDA clears backleg
following PDUFA
regulations plus small
bolus of HIV drugs

rugs per billion US$ R&ED spendin

f

Num

. b Rate of decline over 10-year periods ¢ Adjusting for 5-year delay in spending impact
— Dosage regimens e 1907 A Drugs per billon USS RED
] o=l \ A\/\ sending 5 years previously
. E 2 3 = ‘
— Biomarkers S 52 g
g ¢ - D ‘[‘/“\ A
: g JEEES TR . 3p . SRR DN,
— Resistance L e
bl endin

Log

— Side-effects, litigation
— Pricing FDA. etc. Source: Scannell et al. (NRDD 2012)
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Investment Pop Quiz #1
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Investment Pop Quiz #2

Urn A contains 100 balls:

= 50 red, 50 black

= Pick a color, then draw a ball

= |f you draw your color, $10,000 prize
= Which color would you prefer?

= How much would you pay to play?
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Investment Pop Quiz #2

Urn B contains 100 balls:

= Unknown proportion of black and/or red balls
= Pick a color, then draw a ball

= |f you draw your color, $10,000 prize

= Which color would you prefer?

= How much would you pay to play?

Investors Hate Uncertainty More Than Risk!
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Investment Pop Quiz #3

Consider The Following Investment Opportunity:
= S200MM investment, 10-year horizon

= Probability of positive payoff is 5%

= |f successful, annual profits of $2B for 10-year patent

Total E[R] = 11.9%
Cost Present Value of Profits SD[R] - 423 5%
’ lf 2\ §

$200MM Phasel—I1l—>Ill—>APP $12.3B $2B $2B $2B

| | 1 |
| | [ |

—100% W.p. 95%
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The Consequences of Risk and Uncertainty

Big pharma

Biotech VC

Biotech
Entrepreneurs

NIH

Academia

Unit 0 - Part 1

Decreasing productivity of R&D, increasing complexity,
greater competition, patent cliff, regulatory and
political uncertainty

Higher startup costs, longer time to milestones,
increasing complexity, lower risk tolerance of LPs,
uncertainty of second-round financing, competition

Scarcer startup capital, less patient capital, more
onerous terms, fewer “home runs”

Declining funding, increasing real cost of research,
increasing risk of government dysfunction and
oversight

Less grant money, fewer job opportunities, uncertain
career paths

Sell mature drugs, raise cash, reduce R&D,
acquire new technologies via in-licensing and
M&A

Re-allocate investments away from biotech
toward better-performing lower-cost sectors
such as software, energy, infrastructure, etc.

Focus on “hot” areas, propose less challenging
targets with clearer market value

Award grants to Pls with “proven” track records,
shorter time-to-delivery, less speculative
research

Take finance at Sloan and go to Wall Street
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What Do Investors Want?

High Returns and Low Risk ===  High Sharpe

Example: which would you prefer as an investor?
" “me-too” oncology drug in Phase 3
® blinatumomab + chemo to cure ALL

Unit 0 - Part 1 Slide 18



What Do Investors Want From Biotech?

Executive Summary
The Cost of Capital f

Stage Biotechnology| . gyidence shows that the Cost of Capital for

lain Cockburn and JosH venture backed early stage companies in life
Boston University and Harvar SClenceS |S h|gh:

— Many estimates sugger higher

* This reflects investors’ expectation of a return
sufficient to compensate them for taking on
extraordinary risk
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What Do Investors Want From Biotech?
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What Do Investors Want From Pharma?

Contents lists available at ScienceDirect

Journal of Corporate Finance

journal homepage: www.elsevier.com/locate/jcorpfin

New estimates of the cost of capital for pharmaceutical firms’*

Carmelo Giaccotto **, Joseph Golec ", John Vernon ¢

# Department of Finance and Center for Healthcare and Insurance Studies, University of Connecticut, School of Business, 2100 Hillside Road, Unit 1041, Storrs,
CT 06269-1041, United States

b Center for Healthcare and Insurance Studies, University of Connecticut, School of Business, 2100 Hillside Road, Unit 1041, Storrs, CT 06269-1041, United States
© Department of Health Policy and Management, University of North Carolina at Chapel Hill, United States

4 National Bureau of Economic Research (NBER), United States

Journal of Corporate Finance 2011(17), 526—-540.

Unit 0 - Part 1 Slide 21



What Do Investors Want From Pharma?

10-Year
Estimated Cost 90% Confidence

Company of Capital Interval

Abbott Labs 10.5% [ 88% , 12.2% ]
Balchem Corp 10.7% [ 8.6% , 12.5% ]
Bausch & Lomb 11.3% [ 9.3% , 13.4% ]
Bristol Myers Squibb 10.5% [ 9.1% , 12.7% ]
Chattem 13.6% [ 10.9% , 15.4% ]
Eli Lilly 11.5% [ 9.1% , 13.2% ]
Forest Labs 13.9% [ 11.6% , 16.6% ]
Johnson & Johnson 10.0% [ 8.4% , 11.9% ]
Merck 10.8% [ 87% , 12.3% ]
Mylan Labs 12.4% [ 10.0% , 14.7% ]
Nabi Biopharmaceuticals 13.0% [ 10.3% , 15.2% ]
Novo Nordisk 10.4% [ 8.6% , 12.0% ]
Pfizer 12.0% [ 9.8% , 14.9% ]
Pharmacia 12.9% [ 10.5% , 15.7% ]
Schering-Plough 10.7% [ 88% , 12.6% ]
Sigma-Aldrich 10.3% [ 81% , 11.6% ]
Wyeth 11.1% [ 9.2% , 13.0% ]
Value-Weighted Portfolio 11.3% [ 9.5% , 12.9% ]

Source: Giaccotto, Golec, Vernon (2011, Table 3)
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What Do Investors Want From Pharma?
Cost of Capital for U.S. Companies, Jan 2016

Source: A. Damodaran (2016) Distribution

10th percentile | 5.23%
25th percentile | 6.60%
Median 8.00%
75th percentile | 9.20%

900.

g

90th percentile [ 10.00%

g

g

90th percentile

5- 115-12%  >12%

5% 10%
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Financial Engineering Can Help

What If We Invest In 150 Programs Simultaneously?:
= Requires $30B of capital
= Assume programs are |ID (can be relaxed)

= Diversification changes the economics of the business:
E[R] = 11.9%

SD[R] = 423.5%/V150 = 34.6%
= But can we raise S30B??

* |t depends on the portfolio’s risk/reward profile (correlations?)
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Financial Engineering Can Help
What If We Invest In 150 Programs Simultaneously?:

= With reduced risk, debt-financing is feasible!

Maximum Maximum
Year-0 Maximum Year-0
Proceeds Year-0 Proceeds
at 2.76% Proceeds at 3.77%
(BofAML at 3.11% (BofAML
Minimum AA 10-Yr (BofAML A BBB 10-Yr
Year-10 as of 10-Yr as of as of
Event Probability NPV 2/2/17) 2/2/17) 2/2/17)
At least 1 hit: 99.95% $12,289 $9,360 $9,047 $6,465
At least 2 hits: 99 _599% $24,578 $18,720 $18,094 $12,930
At least 3 hits: $36,867 $28,080 $27,142 $19,395
At least 4 hits: 94.52% $49,157 $37,440 $36,189 $25,860
At least 5 hits: 87.44% $61,446 $46,800 $45,236 $32,325
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Financial Engineering Can Help

FRED> Economic Data Info i b ns  Work J Economi About
Home > Categories > Money, Banking, & Finance > Interest Rates > Corporate Bonds
BofA Merrill Lynch US Corporate a Effective Yield© @samicoascaey) DOWNLOAD &
Observation: Units: Frequency:
2017-02-03: 3.12 (+ more) | Percent, Daily, 1Y | 5Y | 10Y | Max | 1996-12-31 |to | 2017-02-03 EDIT GRAPH &%
Updated: 7:11 AM CST Not Seasonally Adjusted  Close
FRED 249 — BofA Merrill Lynch US Corporate a Effective Yield®
10
9
8
7 W/\%‘
=
g 6
L
(-9
5
4
3
2
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
2005 2015
4 i »
Shaded areas indicate U.S. recessions Source: BofA Merrill Lynch fred.stlouisfed.org 4
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Financial Engineering Can Help

Prob(n 2 k) for Equicorrelated Binomial(150,5%)
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FAQs (details, details...)

Do we really need S30 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

b &
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Short Answer

Slide 30
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Long Answer

= Cancer: Fernandez, Stein, Lo (NBT, 2012)

= Guarantees: Fagnan, Stein, Fernandez, Lo (AER, 2013)

" Orphan drugs: Fagnan, Gromatzky, Stein, Lo (DDT, 2014)

" Alzheimers: Lo, Ho, Cummings, Kosik (STM, 2014)

= NCATS: Fagnan, Yang, McKew, Lo (STM, 2015)

* Dynamic leverage: Montazerhodjat, Frishkopf, Lo (DDT, 2015)

= Drug mortgages: Montazerhodjat, Weinstock, Lo (STM, 2016)

= Current research: FDA approval process, historical success rates,
risk/reward of biopharma, case studies, etc.

=mmm) ]15.482 Healthcare Finance
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Biopharma Ecosystem

New Medicines

' to Patients ‘ 1
LI} "*' *

acists

Pha
and Providers

Source: TEConomy/BIO, 2016, The Value of Bioscience Innovation in
Growing Jobs and Improving Quality of Life, Figure 15.

Lo © 2017 by Andrew W. Lo Slide 32
Unit 0 - Part 1 All Rights Reserved I




