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Spark Therapeutics' gene
therapy offering fresh hope to
blind patients

ol May 27, 2016

Secnec

“I went outside when it was snowing, and | was like, ‘Oh! | can see
the snowflakes!”” Caroline said. “It was really cool to actually see
something that I've never seen in my life before.”
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Drug Discovery Today * Volume 24, Number 3 « March 2019
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Acceleration of rare disease
therapeutic development: a case study
of AGIL-AADC

Sonya Das"*3, Samuel Huang* and Andrew W. Lo™*®, alo-admin@mit.edu

Rare-disease drug development is both scientifically and commercially challenging|
highlights Agilis Biotherapeutics (Agilis), a small private biotechnology company tha
most clinically advanced adeno-associated virus (AAV) gene therapy for the brain. J|
collaboration led by Agilis with National Taiwan University (NTU) Hospital and thi

Rare and Neglected Diseases (TRND) program of the National Center for Advancing
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Dr. Paul Wuh-Liang Hwu completed his medical and PhD degrees at National Taiwan University, and completed
his residency at NTUH. He has done fellowship at the Department of Genetics at Johns Hopkins University, and
was also a Visiting Scientist at the Department of Medical Genetics at the Mayo Clinic. Dr. Hwu leads his group
setting up the Newborn Screening Program for Pompe Disease and the gene therapy for aromatic I-amino acid
decarboxylase deficiency clinical trial which both are world-leading programs.

Research interests: Dr. Hwu is dedicated to innovative diagnosis and treatment for human genetic diseases. He
is the former director of the Taiwan Newborn Screening Laboratory at NTUH, at that time he established Pompe
Disease newborn screening. He is now still the director of the biochemical genetics laboratory and is developing
tests and offering clinical laboratory service for lysosomal storage diseases. Dr. Hwu is now focusing on gene
therapy for genetic diseases, specifically, for aromatic I-amino acid decarboxylase (AADC) deficiency. The
treatment includes injection of adeno-associated virus into the human brain. The treatment results from 4
patients have been published in Science Translational Medicine. In order to develop this gene therapy, a mouse
model of AADC deficiency has been created in the lab. These mice are being characterized by histochemical and
behavior sciences. And studies of gene therapy for these mice are also ongoing.

Wuh-Liang Hwu, MD, PhD
Professor in Pediatrics, College of
Medicine, National Taiwan
University, Taipei, Taiwan.
Attending Physician, Department
of Medical Genetics and Pediatrics,
National Taiwan University
Hospital, Taipei, Taiwan

Sciences (NCATS) at the National Institutes of Health, Agilis’ gene therapy for aromatic 1-amino acid
decarboxylase deficiency (AADC), AGIL-AADC, was granted biologics license application (BLA)-ready
status by the FDA in 2018, only 18 months after being licensed from NTU by Agilis. Here, we highlight the
factors that enabled this remarkable pace of successful drug development for an ultra-rare disease.
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Biomedicine Is At An Inflection Point
Top 30 Drugs in 2018

Sales

Top 30 Drugs in 2000

Responsible for

1 Prilosec
2  Zocor

3 Lipitor

4 Norvasc
5  Prevacid
6  Procrit
7 Celebrex
8  Prozac

9  Zyprexa
10 Paxil

11 Claritin
12 Vioxx

13 Zoloft
14 Epogen

15 Premarin

16  Augmentin IR
17 Vasotec

18 Pravachol

19 Glucophage IR

AstraZeneca
Merck
Pfizer
Pfizer

TAP Pharma

J&J
Pharmacia
Eli Lilly
Eli Lilly
GSK
Schering-Plough
Merck
Pfizer
Amgen
Wyeth
GSK
Merck
Bristol-Myers
Bristol-Myers

20 Cozaar Merck

21 Tylenol J&J

22 Insulin Novo Nordisk
23 Cipro/Ciprobay Bayer

24 Risperdal J&J

25 Taxol RTI = Bristol-Myers
26  Zithromax Pliva < Pfizer
27 Intron A Schering-Plough
28 Viagra Pfizer

29 Neurontin Pfizer

30 Flixotide/Flovent GSK

Total WW Sales
Biologics

Sales
($, mill)
$6,260

$1,334
$1,334

$69,374

Source: Royalty Pharma
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Amgen
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Humira
Revlimid
Opdivo
Enbrel
Keytruda
Eylea
Herceptin
Avastin
Rituxan
Eliquis
Xarelto
Remicade
Prevnar 13
Stelara
Lyrica
Genvoya
Neulasta
Imbruvica
Tecfidera
Lantus
Ibrance
Januvia
Victoza
Lucentis
Botox
Soliris
Triumeq
Zytiga
Mavyret
Gilenya

Total WW Sales
Biologics

Marketer(s)

AbbVie
Celgene
Bristol Myers
Amgen (Immunex) / Pfizer
Merck
Regeneron / Bayer
Roche (Genentech)
Roche (Genentech)
Roche (Genentech)
Bristol Myers
Bayer
J&J (Centocor) / Merck
Pfizer
J&J
Pfizer
Gilead
Amgen
Abbvie / J&J
Biogen
Sanofi
Pfizer
Merck
Novo Nordisk
Roche / Novartis
Allergan
Alexion
Pfizer / ViiV / GSK
J&J
Abbvie
Novartis

($, mill)
$20,476
$9,816
$7,524
$8,538
$7,198
$7,164
$7,140
$7,004
$7,547
6438
$6,166
$6,002
$5,901
$5,293
$5,004
$4,737
$4,596
$4,454
$4,274
$4,211
$4,118
$3,984
$3,857
$3,743
$3,577
$3,563
$3,535
$3,498
$3,438
$3,380

$176,175

Cambridge; Scripps
Boston Children's

MassGen
LifeArc

UCLA

Northwestern
Leuven, Emory
MSK

Oklahoma Medical Research

Institute of Cancer Research

Kyoto University
$87,932
49.9%

CaT = Knoll
Celgene
Medarex
Immunex

Regeneron
Genenetch
Genenetch
Idec & Genenetch
Bristol Myers
Centocor
Centocor
Triangle, Gilead
Amgen
Pharmacyclics
Fumapharm
Onyx
Prosidion
Genenetch
Alexion
Cougar

Novartis
$149,569
85%
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2000 vs 2018 pharma vs biotech

																										Pharmaceutical Sales 2003 vs 2013

																										http://www.drugs.com/top200_2003.html



																										2003																2013								2013 Biologic								2013																		2013

																										Rank		Drug		Current Manufacturer		Total Sales ($000)		Biologic
y/n								Drug				Total Sales ($000)		2003 -2013
% change		yes/no				sales				Drug				Total Sales ($000)		2003 -2013
% change		yes/no										Drug				Total Sales ($000)								2003 -2013
% change				yes/no

																										1		Lipitor		Pfizer		5,538,587		n								Humira		AbbVie		$10,659,000		92%		y		1		$10,659,000				Humira		AbbVie		$10,659,000		1152949844%		y		1								Humira		AbbVie		$10,659,000								ERROR:#REF!				y		1

																										2		Prevacid		Takeda Pharmaceuticals		3,568,558		n								Enbrel		Amgen / Pfizer		$8,325,000		133%		y		1		$8,325,000				Enbrel		Amgen / Pfizer		$8,325,000		624589569%		y		1								Enbrel		Amgen / Pfizer		$8,325,000								ERROR:#REF!				y		1

																										3		Zocor		Merck & Co.		3,277,856		n								Seretide/Advair		GlaxoSmithKline		$8,251,000		152%		n								Seretide/Advair		GlaxoSmithKline		$8,251,000		543832732%		n										Seretide/Advair		GlaxoSmithKline		$8,251,000								ERROR:#REF!				n

																										4		Nexium		AstraZeneca 		2,700,297		n								Lantus		Sanofi		$7,592,000		181%		y		1		$7,592,000				Lantus		Sanofi		$7,592,000		419090242%		y		1								Lantus		Sanofi		$7,592,000								ERROR:#REF!				y		1

																										5		Zoloft		Pfizer		2,580,509		n								Rituxan		Roche		$7,503,000		191%		y		1		$7,503,000				Rituxan		Roche		$7,503,000		393328380%		y		1								Rituxan		Roche		$7,503,000								ERROR:#REF!				y		1

																										6		Celebrex		Pfizer		2,206,389		n								Avastin		Roche		$6,751,000		206%		y		1		$6,751,000				Avastin		Roche		$6,751,000		327758032%		y		1								Avastin		Roche		$6,751,000								ERROR:#REF!				y		1

																										7		Zyprexa		Eli Lilly and Co.		2,185,718		n								Herceptin		Roche		$6,562,000		200%		y		1		$6,562,000				Herceptin		Roche		$6,562,000		327736584%		y		1								Herceptin		Roche		$6,562,000								ERROR:#REF!				y		1

																										8		Neurontin		Pfizer 		2,060,046		n								Crestor		AstraZeneca		$5,622,000		173%		n								Crestor		AstraZeneca		$5,622,000		325146677%		n										Crestor		AstraZeneca		$5,622,000								ERROR:#REF!				n

																										9		Effexor XR		Pfizer 		2,047,193		n								Abilify		Otsuka		$5,545,000		171%		n								Abilify		Otsuka		$5,545,000		324537108%		n										Abilify		Otsuka		$5,545,000								ERROR:#REF!				n

																										10		Advair Diskus		GlaxoSmithKline		2,008,429		n								Remicade		Johnson & Johnson		$5,334,000		166%		y		1		$5,334,000				Remicade		Johnson & Johnson		$5,334,000		322138874%		y		1								Remicade		Johnson & Johnson		$5,334,000								ERROR:#REF!				y		1

																										11		OxyContin		Purdue Pharma 		1,841,967		n								Cymbalta		Eli Lilly and Co.		$5,084,000		176%		n								Cymbalta		Eli Lilly and Co.		$5,084,000		288848293%		n										Cymbalta		Eli Lilly and Co.		$5,084,000								ERROR:#REF!				n

																										12		Norvasc		Pfizer 		1,820,452		n								Gleevec		Novartis		$4,693,000		158%		n								Gleevec		Novartis		$4,693,000		297414642%		n										Gleevec		Novartis		$4,693,000								ERROR:#REF!				n

																										13		Wellbutrin SR		GlaxoSmithKline		1,709,891		n								Lyrica		Pfizer		$4,595,000		169%		n								Lyrica		Pfizer		$4,595,000		272327536%		n										Lyrica		Pfizer		$4,595,000								ERROR:#REF!				n

																										14		Plavix		Bristol-Myers Squibb 		1,695,685		n								Spiriva		Boehringer Ingelheim		$4,447,000		162%		n								Spiriva		Boehringer Ingelheim		$4,447,000		274076521%		n										Spiriva		Boehringer Ingelheim		$4,447,000								ERROR:#REF!				n

																										15		Pravachol		Bristol-Myers Squibb 		1,663,303		n								Neulasta		Amgen		$4,392,000		164%		y		1		$4,392,000				Neulasta		Amgen		$4,392,000		267718404%		y		1								Neulasta		Amgen		$4,392,000								ERROR:#REF!				y		1

																										16		Vioxx		Merck & Co.		1,630,173		n								Copaxone		Teva Pharmaceuticals		$4,328,000		165%		y		1		$4,328,000				Copaxone		Teva Pharmaceuticals		$4,328,000		261521070%		y		1								Copaxone		Teva Pharmaceuticals		$4,328,000								ERROR:#REF!				y		1

																										17		Singulair		Merck & Co.		1,625,263		n								Revlimid		Celgene		$4,280,000		163%		n								Revlimid		Celgene		$4,280,000		262026822%		n										Revlimid		Celgene		$4,280,000								ERROR:#REF!				n

																										18		Protonix		Wyeth		1,614,188		n								Januvia		Merck & Co.		$4,004,000		148%		n								Januvia		Merck & Co.		$4,004,000		270448318%		n										Januvia		Merck & Co.		$4,004,000								ERROR:#REF!				n

																										19		Ambien		Pfizer 		1,565,451		n								Prevnar 13		Pfizer		$3,974,000		154%		vaccine								Prevnar 13		Pfizer		$3,974,000		258292435%		vaccine										Prevnar 13		Pfizer		$3,974,000								ERROR:#REF!				vaccine

																										20		Risperdal		Janssen Pharmaceuticals		1,468,415		n								Nexium		AstraZeneca		$3,872,000		164%		n								Nexium		AstraZeneca		$3,872,000		236550839%		n										Nexium		AstraZeneca		$3,872,000								ERROR:#REF!				n

																										21		Allegra		Sanofi Aventis		1,449,846		n								Atripla		Gilead		$3,648,000		152%		n								Atripla		Gilead		$3,648,000		240612624%		n										Atripla		Gilead		$3,648,000								ERROR:#REF!				n

																										22		Paxil		Apotex Corp		1,400,905		n								Diovan		Novartis 		$3,524,000		152%		n								Diovan		Novartis 		$3,524,000		232527847%		n										Diovan		Novartis 		$3,524,000								ERROR:#REF!				n

																										23		Fosamax		Merck & Co.		1,366,901		n								Symbicort Turbuhaler		AstraZeneca		$3,483,000		155%		n								Symbicort Turbuhaler		AstraZeneca		$3,483,000		224985413%		n										Symbicort Turbuhaler		AstraZeneca		$3,483,000								ERROR:#REF!				n

																										24		Actos		Takeda Pharmaceuticals		1,332,104		n								Truvada		Gilead		$3,136,000		135%		n								Truvada		Gilead		$3,136,000		231580775%		n										Truvada		Gilead		$3,136,000								ERROR:#REF!				n

																										25		Celexa		Forest Pharmaceuticals		1,260,303		n								Advate		Baxter		$3,107,000		147%		y		1		$3,107,000				Advate		Baxter		$3,107,000		212041259%		y		1								Advate		Baxter		$3,107,000								ERROR:#REF!				y		1

																										26		Zithromax Z-Pak		Pfizer		1,209,239		n								Avonex		Biogen Idec		$3,005,000		149%		y		1		$3,005,000				Avonex		Biogen Idec		$3,005,000		202352173%		y		1								Avonex		Biogen Idec		$3,005,000								ERROR:#REF!				y		1

																										27		Levaquin		Janssen Pharmaceuticals		1,158,641		n								NovoRapid		Novo Nordisk		$3,001,000		159%		y		1		$3,001,000				NovoRapid		Novo Nordisk		$3,001,000		188729764%		y		1								NovoRapid		Novo Nordisk		$3,001,000								ERROR:#REF!				y		1

																										28		Zyrtec		Johnson & Johnson		1,118,911		n								Celebrex		Pfizer		$2,918,000		161%		n								Celebrex		Pfizer		$2,918,000		181479654%		n										Celebrex		Pfizer		$2,918,000								ERROR:#REF!				n

																										29		Seroquel		AstraZeneca 		1,110,580		n								Alimta		Eli Lilly and Co.		$2,703,000		143%		n								Alimta		Eli Lilly and Co.		$2,703,000		188511583%		n										Alimta		Eli Lilly and Co.		$2,703,000								ERROR:#REF!				n

																										30		Viagra		Pfizer 		1,104,858		n								Zetia		Merck & Co.		$2,658,000		141%		n								Zetia		Merck & Co.		$2,658,000		189081939%		n										Zetia		Merck & Co.		$2,658,000								ERROR:#REF!				n



																														total sales		$57,320,658												total sales		$146,996,000				total sales				$70,559,000						total sales		$146,996,000				total sales												total sales		$146,996,000												total sales

																														% biologic		0%																		% biologic				48%												% biologic																										% biologic







						Top 30 Products in 2000																																		Top 30 Products in 2013																Top 30 Products in 2014 																		Top 30 Products in 2018 

						                  																				                  

						Product				Marketer(s)		Sales		Responsible for    Discovery / Development								Biotech				Product				Company		Sales		Biotech						Product				Company		Sales		Biotech Product		Biotech						Product				Company		Sales		Biotech Product		Biotech								Product				Marketer(s)		Sales		Responsible for Discovery / Development										Biotech

												($, mill)		University/Hospital				Biotech Co. or Product				Product		Company								($, mill)														($, mill)				Product		Company										($, mill)				Product		Company												($, mill)		University / Hospital				Biotech Co. or Product 						Product		Company

						1		Prilosec		AstraZeneca		$6,260														1		Lipitor		Pfizer		$9,231								1		Humira		CaT  AbbVie (Knoll)		$10,659		Y		✔						1		Humira		CaT è AbbVie (Knoll)		$12,543		Y		✔								1		Humira		AbbVie		$20,476		Cambridge; Scripps				CaT è Knoll		Y				✔						$20,476

						2		Zocor		Merck		$5,280														2		Zocor		Merck		$5,011								2		Remicade		NYU  Contocor (J&J) / Merck		$9,719		Y		✔						2		Sovaldi		Pharmasset è Gilead		$10,283		Y				✔						2		Revlimid		Celgene		$9,816		Boston Children's				Celgene		Y						✔				$9,816

						3		Lipitor		Pfizer		$5,030														3		Norvasc		Pfizer		$4,336								3		Enbrel		MassGen è Immunex (Amgen) / Pfizer		$8,325		Y		✔		✔				3		Remicade		NYU è Contocor (J&J) / Merck		$8,807		Y		✔		✔						3		Opdivo		Bristol Myers		$7,524		 --				Medarex						✔		✔

						4		Norvasc		Pfizer		$3,361														4		Zyprexa		Eli Lilly		$4,277								4		Seretide/Advair		GSK		$8,251										4		Enbrel		MassGen è Immunex (Amgen) / Pfizer		$8,538		Y		✔		✔						4		Enbrel		Amgen (Immunex) / Pfizer		$8,538		MassGen				Immunex		Y				✔		✔				$8,538

						5		Prevacid		TAP Pharma		$2,740														5		Procrit		Johnson & Johnson		$3,984								5		Lantus		Sanofi		$7,592		Y		✔						5		Lantus		Sanofi		$8,428		Y		✔								5		Keytruda		Merck		$7,198		LifeArc										✔						$7,198

						6		Procrit		J&J		$2,709		 --				Amgen è J&J				✔				6		Seretide/Advair		GSK		$3,620								6		Rituxan		Genenetch (Roche)		$7,503		Y		✔		✔				6		Rituxan		Genenetch (Roche)		$7,547		Y		✔		✔						6		Eylea		Regeneron / Bayer		$7,164						Regeneron						✔		✔				$7,164

						7		Celebrex		Pharmacia		$2,614														7		Nexium		AstraZeneca		$3,302								7		Avastin		Genenetch (Roche)		$6,751		Y		✔		✔				7		Avastin		Genenetch (Roche)		$7,018		Y		✔		✔						7		Herceptin		Roche (Genentech)		$7,140		UCLA				Genenetch		Y				✔		✔				$7,140

						8		Prozac		Eli Lilly		$2,585														8		Prevacid		TAP Pharmaceuticals		$3,190								8		Herceptin		UCLA è Genenetch (Roche)		$6,562		Y		✔		✔				8		Seretide/Advair		GSK		$6,966												8		Avastin		Roche (Genentech)		$7,004		 --				Genenetch		Y										$7,004

						9		Zyprexa		Eli Lilly		$2,366														9		Zoloft		Pfizer		$3,118								9		Crestor		AstraZeneca		$5,622										9		Herceptin		UCLA è Genenetch (Roche)		$6,863		Y		✔		✔						9		Rituxan		Roche (Genentech)		$7,547		 --				Idec è Genenetch		Y				✔		✔				$7,547

						10		Paxil		GSK		$2,349														10		Pravachol		Bristol-Myers		$2,827								10		Abilify		Otsuka		$5,545										10		Abilify		Otsuka		$6,199												10		Eliquis		Bristol Myers		6438		 --				Bristol Myers												$6,438

						11		Claritin		Schering-Plough		$2,194														11		Effexor		Wyeth		$2,712								11		Cymbalta		Eli Lilly		$5,084										11		Crestor		AstraZeneca		$5,512												11		Xarelto		Bayer		$6,166		 --				 --

						12		Vioxx		Merck		$2,160														12		Neurontin		Pfizer		$2,702								12		Gleevec		Novartis		$4,693										12		Lyrica		Pfizer		$5,168												12		Remicade		J&J  (Centocor) / Merck		$6,002		NYU				Centocor		Y										$6,002

						13		Zoloft		Pfizer		$2,140														13		Fosamax		Merck		$2,677								13		Lyrica		Pfizer		$4,595										13		Revlimid		Boston Children's è Celgene		$4,980		Y				✔						13		Prevnar 13		Pfizer		$5,901		 --				 --								✔

						14		Epogen		Amgen		$1,963		 --				Amgen				✔		✔		14		Prilosec		AstraZeneca		$2,565								14		Spiriva		Boehringer Ingelheim		$4,447										14		Gleevec		Novartis		$4,746												14		Stelara		J&J 		$5,293		 --				Centocor												$5,293

						15		Premarin		Wyeth		$1,870														15		Vioxx		Merck		$2,549								15		Neulasta		MSK è Amgen		$4,392		Y		✔		✔				15		Neulasta		MSK è Amgen		$4,596		Y		✔		✔						15		Lyrica		Pfizer		$5,004		Northwestern				 --						✔		✔				$5,004

						16		Augmentin IR		GSK		$1,847														16		Cozaar		Merck		$2,486								16		Copaxone		Weitzman è Teva		$4,328		Y		✔						16		Spiriva		Boehringer Ingelheim		$4,300												16		Genvoya		Gilead 		$4,737		Leuven, Emory 				Triangle, Gilead 												$4,737

						17		Vasotec		Merck		$1,790														17		Plavix		Bristol-Myers		$2,467								17		Revlimid		Boston Children's è Celgene		$4,280										17		Copaxone		Weitzman è Teva		$4,237		Y		✔								17		Neulasta		Amgen		$4,596		MSK				Amgen		Y				✔						$4,596

						18		Pravachol		Bristol-Myers		$1,766														18		Epogen		Amgen		$2,435		P		Y				18		Januvia		Merck & Co		$4,004										18		Prevnar 13		Pfizer		$4,212												18		Imbruvica		Abbvie / J&J		$4,454		 --				Pharmacyclics 												$4,454

						19		Glucophage IR		Bristol-Myers		$1,718														19		Diovan		Novartis		$2,425								19		Prevnar 13		Pfizer		$3,974										19		Januvia		Merck		$3,931												19		Tecfidera		Biogen		$4,274		 --				Fumapharm		Y										$4,274

						20		Cozaar		Merck		$1,715														20		Risperdal		Johnson & Johnson		$2,419								20		Nexium		AstraZeneca		$3,872										20		Symbicort Turbuhaler		AstraZeneca		$3,801												20		Lantus		Sanofi		$4,211		 --				 --		Y										$4,211

						21		Tylenol		J&J		$1,680														21		Paxil		GSK		$2,320								21		Atripla		Emory/IOCP è Gilead		$3,648		Y				✔				21		Nexium		AstraZeneca		$3,655												21		Ibrance		Pfizer		$4,118		 --				Onyx												$4,118

						22		Insulin		Novo Nordisk		$1,671		 --				 --				✔				22		Insulin		Novo Nordisk		$2,208		P		Y				22		Diovan		Novartis 		$3,524										22		Atripla		Emory/IOCP è Gilead		$3,470		Y				✔						22		Januvia		Merck		$3,984		Demuth, Tufts				Prosidion								✔				$3,984

						23		Cipro/Ciprobay		Bayer		$1,648														23		Rituxan		Roche		$2,065		P		Y				23		Symbicort Turbuhaler		AstraZeneca		$3,483										23		Truvada		Emory/IOCP è Gilead		$3,340		Y				✔						23		Victoza		Novo Nordisk		$3,857		 --				 --								✔				$3,857

						24		Risperdal		J&J		$1,603														24		Zithromax		Pfizer		$2,010								24		Truvada		Emory/IOCP è Gilead		$3,136						✔				24		NovoRapid		Novo Nordisk		$3,109												24		Lucentis		Roche / Novartis		$3,743		 --				Genenetch												$3,743

						25		Taxol		RTI è Bristol-Myers		$1,561														25		Singulair		Merck		$2,009								25		Advate		Baxter		$3,107		Y		✔						25		Avonex		Biogen Idec		$3,013		Y		✔		✔						25		Botox		Allergan		$3,577		 --				 --						✔		✔

						26		Zithromax		Pliva è Pfizer		$1,382														26		Allegra		Aventis		$1,970								26		Avonex		Biogen Idec		$3,005		Y		✔		✔				26		Tecfidera		Biogen Idec		$2,909		Y				✔						26		Soliris		Alexion		$3,563		Oklahoma Medical Research 				Alexion								✔				$3,563

						27		Intron A		Schering-Plough		$1,360		 --				 --				✔				27		OxyContin		Purdue Pharma		$1,900								27		NovoRapid		Novo Nordisk		$3,001										27		Alimta		Eli Lilly		$2,792												27		Triumeq		Pfizer / ViiV / GSK		$3,535		 --				 --												$3,535

						28		Viagra		Pfizer		$1,344														28		Celebrex		Pfizer		$1,883								28		Celebrex		Pfizer		$2,918										28		Humalog		Eli Lilly		$2,785												28		Zytiga		J&J		$3,498		Institute of Cancer Research				Cougar												$3,498

						29		Neurontin		Pfizer		$1,334														29		Viagra		Pfizer		$1,879								29		Alimta		Eli Lilly		$2,703										29		Celebrex		Pfizer		$2,699												29		Mavyret		Abbvie		$3,438		 --				 --

						30		Flixotide/Flovent		GSK		$1,334														30		Lovenox		Aventis		$1,864								30		Zetia		Merck & Co		$2,658										30		Zetia		Merck & Co		$2,650												30		Gilenya		Novartis		$3,380		Kyoto University				Novartis 												$3,380

								Total WW Sales				$69,374		ERROR:#REF!		9		$7,702		4		ERROR:#REF!		1				Total WW Sales				$88,439										Total WW Sales				$151,381		11		11		7						Total WW Sales				$159,098		15		10		12								Total WW Sales				$176,175		$87,932				$149,569						10		12				$149,569

								Biologics						ERROR:#REF!				11%		13%								% Biologic				8%				3						% Biotech				52%												% Biotech				61%														Biologics						49.9%				85%











2000 vs 2015 pharma vs biotech







																												2013								2013 Biologic								2013																2013

																												Drug				Total Sales ($000)		2003 -2013
% change		yes/no				sales				Drug				Total Sales ($000)		2003 -2013
% change		yes/no								Drug				Total Sales ($000)								2003 -2013
% change				yes/no

																												Humira		AbbVie		$10,659,000		ERROR:#REF!		y		1		$10,659,000				Humira		AbbVie		$10,659,000		ERROR:#REF!		y		1						Humira		AbbVie		10,659,000								ERROR:#REF!				y		1

																												Enbrel		Amgen / Pfizer		$8,325,000		ERROR:#REF!		y		1		$8,325,000				Enbrel		Amgen / Pfizer		$8,325,000		ERROR:#REF!		y		1						Enbrel		Amgen / Pfizer		8,325,000								ERROR:#REF!				y		1

																												Seretide/Advair		GlaxoSmithKline		$8,251,000		ERROR:#REF!		n								Seretide/Advair		GlaxoSmithKline		$8,251,000		ERROR:#REF!		n								Seretide/Advair		GlaxoSmithKline		8,251,000								ERROR:#REF!				n

																												Lantus		Sanofi		$7,592,000		ERROR:#REF!		y		1		$7,592,000				Lantus		Sanofi		$7,592,000		ERROR:#REF!		y		1						Lantus		Sanofi		7,592,000								ERROR:#REF!				y		1

																												Rituxan		Roche		$7,503,000		ERROR:#REF!		y		1		$7,503,000				Rituxan		Roche		$7,503,000		ERROR:#REF!		y		1						Rituxan		Roche		7,503,000								ERROR:#REF!				y		1

																												Avastin		Roche		$6,751,000		ERROR:#REF!		y		1		$6,751,000				Avastin		Roche		$6,751,000		ERROR:#REF!		y		1						Avastin		Roche		6,751,000								ERROR:#REF!				y		1

																												Herceptin		Roche		$6,562,000		ERROR:#REF!		y		1		$6,562,000				Herceptin		Roche		$6,562,000		ERROR:#REF!		y		1						Herceptin		Roche		6,562,000								ERROR:#REF!				y		1

																												Crestor		AstraZeneca		$5,622,000		ERROR:#REF!		n								Crestor		AstraZeneca		$5,622,000		ERROR:#REF!		n								Crestor		AstraZeneca		5,622,000								ERROR:#REF!				n

																												Abilify		Otsuka		$5,545,000		ERROR:#REF!		n								Abilify		Otsuka		$5,545,000		ERROR:#REF!		n								Abilify		Otsuka		5,545,000								ERROR:#REF!				n

																												Remicade		Johnson & Johnson		$5,334,000		ERROR:#REF!		y		1		$5,334,000				Remicade		Johnson & Johnson		$5,334,000		ERROR:#REF!		y		1						Remicade		Johnson & Johnson		5,334,000								ERROR:#REF!				y		1

																												Cymbalta		Eli Lilly and Co.		$5,084,000		ERROR:#REF!		n								Cymbalta		Eli Lilly and Co.		$5,084,000		ERROR:#REF!		n								Cymbalta		Eli Lilly and Co.		5,084,000								ERROR:#REF!				n

																												Gleevec		Novartis		$4,693,000		ERROR:#REF!		n								Gleevec		Novartis		$4,693,000		ERROR:#REF!		n								Gleevec		Novartis		4,693,000								ERROR:#REF!				n

																												Lyrica		Pfizer		$4,595,000		ERROR:#REF!		n								Lyrica		Pfizer		$4,595,000		ERROR:#REF!		n								Lyrica		Pfizer		4,595,000								ERROR:#REF!				n

																												Spiriva		Boehringer Ingelheim		$4,447,000		ERROR:#REF!		n								Spiriva		Boehringer Ingelheim		$4,447,000		ERROR:#REF!		n								Spiriva		Boehringer Ingelheim		4,447,000								ERROR:#REF!				n

																												Neulasta		Amgen		$4,392,000		ERROR:#REF!		y		1		$4,392,000				Neulasta		Amgen		$4,392,000		ERROR:#REF!		y		1						Neulasta		Amgen		4,392,000								ERROR:#REF!				y		1

																												Copaxone		Teva Pharmaceuticals		$4,328,000		ERROR:#REF!		y		1		$4,328,000				Copaxone		Teva Pharmaceuticals		$4,328,000		ERROR:#REF!		y		1						Copaxone		Teva Pharmaceuticals		4,328,000								ERROR:#REF!				y		1

																												Revlimid		Celgene		$4,280,000		ERROR:#REF!		n								Revlimid		Celgene		$4,280,000		ERROR:#REF!		n								Revlimid		Celgene		4,280,000								ERROR:#REF!				n

																												Januvia		Merck & Co.		$4,004,000		ERROR:#REF!		n								Januvia		Merck & Co.		$4,004,000		ERROR:#REF!		n								Januvia		Merck & Co.		4,004,000								ERROR:#REF!				n

																												Prevnar 13		Pfizer		$3,974,000		ERROR:#REF!		vaccine								Prevnar 13		Pfizer		$3,974,000		ERROR:#REF!		vaccine								Prevnar 13		Pfizer		3,974,000								ERROR:#REF!				vaccine

																												Nexium		AstraZeneca		$3,872,000		ERROR:#REF!		n								Nexium		AstraZeneca		$3,872,000		ERROR:#REF!		n								Nexium		AstraZeneca		3,872,000								ERROR:#REF!				n

																												Atripla		Gilead		$3,648,000		ERROR:#REF!		n								Atripla		Gilead		$3,648,000		ERROR:#REF!		n								Atripla		Gilead		3,648,000								ERROR:#REF!				n

																												Diovan		Novartis 		$3,524,000		ERROR:#REF!		n								Diovan		Novartis 		$3,524,000		ERROR:#REF!		n								Diovan		Novartis 		3,524,000								ERROR:#REF!				n

																												Symbicort Turbuhaler		AstraZeneca		$3,483,000		ERROR:#REF!		n								Symbicort Turbuhaler		AstraZeneca		$3,483,000		ERROR:#REF!		n								Symbicort Turbuhaler		AstraZeneca		3,483,000								ERROR:#REF!				n

																												Truvada		Gilead		$3,136,000		ERROR:#REF!		n								Truvada		Gilead		$3,136,000		ERROR:#REF!		n								Truvada		Gilead		3,136,000								ERROR:#REF!				n

																												Advate		Baxter		$3,107,000		ERROR:#REF!		y		1		$3,107,000				Advate		Baxter		$3,107,000		ERROR:#REF!		y		1						Advate		Baxter		3,107,000								ERROR:#REF!				y		1

																												Avonex		Biogen Idec		$3,005,000		ERROR:#REF!		y		1		$3,005,000				Avonex		Biogen Idec		$3,005,000		ERROR:#REF!		y		1						Avonex		Biogen Idec		3,005,000								ERROR:#REF!				y		1

																												NovoRapid		Novo Nordisk		$3,001,000		ERROR:#REF!		y		1		$3,001,000				NovoRapid		Novo Nordisk		$3,001,000		ERROR:#REF!		y		1						NovoRapid		Novo Nordisk		3,001,000								ERROR:#REF!				y		1

																												Celebrex		Pfizer		$2,918,000		ERROR:#REF!		n								Celebrex		Pfizer		$2,918,000		ERROR:#REF!		n								Celebrex		Pfizer		2,918,000								ERROR:#REF!				n

																												Alimta		Eli Lilly and Co.		$2,703,000		ERROR:#REF!		n								Alimta		Eli Lilly and Co.		$2,703,000		ERROR:#REF!		n								Alimta		Eli Lilly and Co.		2,703,000								ERROR:#REF!				n

																												Zetia		Merck & Co.		$2,658,000		ERROR:#REF!		n								Zetia		Merck & Co.		$2,658,000		ERROR:#REF!		n								Zetia		Merck & Co.		2,658,000								ERROR:#REF!				n



																														total sales		$146,996,000				total sales				$70,559,000						total sales		$146,996,000				total sales										total sales		146,996,000												total sales

																																				% biologic				48%												% biologic																								% biologic







				Top 30 Products in 2000																						Top 30 Products in 2013																Top 30 Products in 2014 																Top 30 Products in 2015 

				                  

				Product				Marketer(s)		Sales		Responsible for    Discovery / Development								Biotech						Product				Company		Sales		Biotech Product		Biotech						Product				Company		Sales		Biotech Product		Biotech						Product				Marketer(s)		Sales		Responsible for Discovery / Development										Biotech

										($, mill)		University/Hospital				Biotech Co. or Product				Product		Company										($, mill)				Product		Company										($, mill)				Product		Company										($, mill)		University / Hospital				Original Developer						Product		Company

				1		Prilosec		AstraZeneca		$6,260																1		Humira		CaT  AbbVie (Knoll)		$10,659		Y		✔						1		Humira		CaT è AbbVie (Knoll)		$12,543		Y		✔						1		Humira		AbbVie (Knoll)		$14,359		Cambridge; Scripps				CaT è Knoll		Y				✔

				2		Zocor		Merck		$5,280																																																2		Harvoni		Gilead		$13,864		 --				Pharmasset		Y

				3		Lipitor		Pfizer		$5,030																																																3		Enbrel		Amgen (Immunex) / Pfizer		$9,037		MassGen				Immunex		Y

				4		Norvasc		Pfizer		$3,361																																																4		Remicade		J&J  (Centocor) / Merck		$8,151		NYU				Centocor		Y

				5		Prevacid		TAP Pharma		$2,740																																																5		Rituxan		Roche (Genentech)		$7,321		 --				Idec è Genenetch		Y

				6		Procrit		J&J		$2,709		 --				Amgen è J&J		✔		✔																																						6		Lantus		Sanofi		$7,089		 --				Sanofi		Y

				7		Celebrex		Pharmacia		$2,614																																																7		Avastin		Roche (Genentech)		$6,945		 --				Genenetch		Y

				8		Prozac		Eli Lilly		$2,585																																																8		Herceptin		Roche (Genentech)		$6,794		UCLA				Genenetch		Y

				9		Zyprexa		Eli Lilly		$2,366																																																9		Prevnar 13		Pfizer		$6,023		 --				 --

				10		Paxil		GSK		$2,349																																																10		Revlimid		Celgene		$5,801		 --				Celgene												confirm responsible for discovery

				11		Claritin		Schering-Plough		$2,194																																																11		Seretide/Advair		GSK		$5,625		 --				 --

				12		Vioxx		Merck		$2,160																																																12		Crestor		AstraZeneca		$5,381		 --				Shionogi

				13		Zoloft		Pfizer		$2,140																2		Remicade		NYU  Contocor (J&J) / Merck		$9,719		Y		✔						2		Sovaldi		Pharmasset è Gilead		$10,283		Y				✔				13		Sovaldi		Gilead (Pharmasset)		$5,276		 --				Pharmasset		Y						✔

				14		Epogen		Amgen		$1,963		 --				Amgen		✔		✔		✔				5		Lantus		Sanofi		$7,592		Y		✔						5		Lantus		Sanofi		$8,428		Y		✔						14		Lyrica		Pfizer		$4,876		Northwestern				 --						✔

				15		Premarin		Wyeth		$1,870																7		Avastin		Genenetch (Roche)		$6,751		Y		✔		✔				7		Avastin		Genenetch (Roche)		$7,018		Y		✔		✔				15		Neulasta		Amgen		$4,800		MSK				Amgen		Y				✔		✔

				16		Augmentin IR		GSK		$1,847																9		Crestor		AstraZeneca		$5,622										9		Herceptin		UCLA è Genenetch (Roche)		$6,863		Y		✔		✔				16		Gleevec		Novartis		$4,658		 --				 --						✔		✔

				17		Vasotec		Merck		$1,790																																																17		Eylea		Regeneron		$4,372		 --				Regeneron		Y										confirm responsible for discovery

				18		Pravachol		Bristol-Myers		$1,766																																																18		Copaxone		TEVA		$4,029		Weitzman				 --		Y

				19		Glucophage IR		Bristol-Myers		$1,718																																																19		Spiriva		Boehringer Ingelheim		$3,942		 --				 --

				20		Cozaar		Merck		$1,715																																																20		Xarelto		J&J  / Bayer		$3,930		 --				 --

				21		Tylenol		J&J		$1,680																																																21		Januvia		Merck		$3,870		Demuth, Tufts				Prosidion

				22		Insulin		Novo Nordisk		$1,671		 --				 --		✔		✔																																						22		Lucentis		 Novartis /  Roche		$3,639		 --				Genenetch		Y										confirm responsible for discovery

				23		Cipro/Ciprobay		Bayer		$1,648																																																23		Tecfidera		Biogen (Fumapharm)		$3,638		 --				Fumapharm		Y

				24		Risperdal		J&J		$1,603																																																24		Truvada		Gilead		$3,567		Emory/IOCP				Gilead		Y

				25		Taxol		RTI è Bristol-Myers		$1,561																																																25		Symbicort		AstraZeneca		$3,394		 --				 --

				26		Zithromax		Pliva è Pfizer		$1,382																																																26		Nexium		AstraZeneca		$3,202		 --				 --

				27		Intron A		Schering-Plough		$1,360		 --				 --		✔		✔																																						27		Atripla		Gilead		$3,134		Emory/IOCP				Gilead		Y

				28		Viagra		Pfizer		$1,344																																																28		NovoRapid		Novo Nordisk		$3,082		 --				 --

				29		Neurontin		Pfizer		$1,334																10		Abilify		Otsuka		$5,545										10		Abilify		Otsuka		$6,199										29		Abilify		Bristol Myers		$2,896		 --				 --

				30		Flixotide/Flovent		GSK		$1,334																11		Cymbalta		Eli Lilly		$5,084										11		Crestor		AstraZeneca		$5,512										30		Humalog		Eli Lilly		$2,842		 --				Lilly

						Total WW Sales				$69,374				9		$7,702		4		ERROR:#REF!		1						Total WW Sales				$50,972		11		11		7						Total WW Sales				$56,846		5		10		12						Total WW Sales				$165,539		$65,459		10		$123,405		16		20		10		12

						Biologics										11%		13%										% Biotech				ERROR:#REF!												% Biotech				ERROR:#REF!												Biologics						40%		33%		75%				67%





		source				smb://192.168.0.19/IR/Presentations/Raw Data/2016/EvaluatePharma - Top Selling Drugs - Annual Sales WW 2015 

																																																																		0.3954296935



										$7,702

										0.1110243653
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Biomedicine Is At An Inflection Point

16 Oct 2022

The Third Revolution:

The Convergence of
the

and Engineering

MIT
LFE

The “omics” Revolution:
= Genomics
= Epigenomics

= Transcriptomics  \What about

=" Proteomics Economics?
= Metabolomics

= Microbiomics
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Investment Pop Quiz #1

Sharpe Ratio =
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Investment Pop Quiz #2

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

Cost PresentValue of Profits E[R] = 11.9%
7 R X . SD[R] = 423.5%
$200MM Phasel— 1l —Ill—>APP $12.3B $2B $2B $2B _
I I I I I SR =0.02

—100% w.p. 95%

16 Oct 2022 Slide 9
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Financial Engineering Can Help

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:

E[R] = 11.9%
SD[R] = 423.5%/vV150 = 34.6%
= But can we raise $30B?? == SR=0.34

* |t depends on the portfolio’s risk/reward profile

(correlations?)
16 Oct 2022 Slide 10




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 4.96% Proceeds at 6.02%

(BofAML at 5.38% (BofAML

Minimum AA 10-Yr (BofAML A BBB 10-Yr
Year-10 as of 10-Yr as of as of

Event Probability NPV 10/7/22) 10/7/22) 10/7/22)
At least 1 hit: 99.95% $12,289 $7,573 $7,277 $4,221
At least 2 hits: 99,59% $24,578 $15,147 $14,554 $8,442
At least 3 hits $36,867 $22,720 $21,830 $12,663
At least 4 hits: 94.52% $49,157 $30,293 $29,107 $16,884
At least 5 hits: 87.44% $61,446 $37,866 $36,384 $21,105

16 Oct 2022
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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				4.96%		5.38%		6.02%

																						click here for updated BBB yield

																				Event		Probability		Minimum Year-10 NPV		Maximum Year-0 Proceeds at 4.96% (BofAML AA 10-Yr as of 10/7/22)		Maximum  Year-0 Proceeds at 5.38% (BofAML A 10-Yr as of 10/7/22)		Maximum  Year-0 Proceeds at 6.02% (BofAML BBB 10-Yr as of 10/7/22)





				Revenue Per Year ($MM)		$2,000						1		423.5%						At least 1 hit:		99.95%   		$12,289   		$7,573    		$7,277    		$4,221    

				Year-10 PV		$12,289						10		133.9%				1		At least 2 hits:		99.59%   		$24,578   		$15,147    		$14,554    		$8,442    

				Cost of Capital		10%						20		94.7%				2		At least 3 hits:		98.18%   		$36,867   		$22,720    		$21,830    		$12,663    

				Initial Investment Per Trial ($MM)		$200						30		77.3%				3		At least 4 hits:		94.52%   		$49,157   		$30,293    		$29,107    		$16,884    

				Number of Trials		150						40		67.0%				4		At least 5 hits:		87.44%   		$61,446   		$37,866    		$36,384    		$21,105    

				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%






MIT

FAQs (details, details...)

= Do we really need S30 billion?

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

" |sn’t pharma already doing this? If not, isn’t government doing it?
* |sthere enough capacity (projects, capital, and people)?

" |sn’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?

16 Oct 2022 Slide 12



Short Answer
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Short Answer
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Short Answer
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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 (2022), 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), Xu et al. (2022)

= Dynamic leverage: Montazerhodjat, Frishkopf, Lo (2015), Lo and Siah (2021)
= 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), Siah et al. (2021)

And 15.482, 15.480, Outreach Activities

16 Oct 2022 Slide 16
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How Much Capital Do We Need?
The Amount of Capital Needed Depends On:

" Cost per shot Siah and Lo (JSF 2021)
" Probability of success , " Sourcecode available

= Duration of trials . ) ah
» Correlation of shots In R ana Matla

= Profits per success https://projectalpha.mit.edu

Finance and Biomedical Experts Must Collaborate

= Cultures are very different; value created in bridging this gap

16 Oct 2022 Slide 17
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Orphan Diseases

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

= 30 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), 1983 Orphan Drug Act, etc.

» S$400-5500 million of capital and 10-20 projects
are sufficient

Lack of Correlation Is Critical!

16 Oct 2022 Slide 18



Fagnan, Yang, McKew, Lo (2015)

PERSPECTIVE
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FUNDING

Financing translation:
Analysis of the NCATS rare-diseases portfolio
David E. Fagnan,"** N.Nora Yang,** John C. McKew,’t AndrewW. Lo' 2453

The portfolio of the National Center for Advancing Translational Seiences (NCATS) rare-
diseases therapeutic development program comprises 28 research projects initiated at

the Historical data reveal lowrer costs and higher success
rates but longer preclini the NCATS fative to
averages for early i typi-

cally cited in literature. Here, we evaluate the potential risks and rewards of investing in
a portfolio of rare-disease therapeutics. Using a“megafund” financing structure, NCATS
data, and valuation estimates from a panel of industry experts, we simulate a hypo-
thetical megaund in which senior and juniordebi vielded 5 and 8%, respectivly. The
amodified internal
rate nl return \1121 6%, These relums arlﬂ the likelihood of private-sector funding can be

tacy graups, and government sgenles

The US. Food and Drug Administrations  spment costs, grants for drug development,
(FDAs) Office of Orphan Product Develop- — and fast-track approvals of drugs indicated
ment {OOPD) defines an “orphan” rare dis-  for rare d and was later amended to
fewer than 200000 include w fiees charged under the
US. patients. Although cach rarc diseasc has  Preseription Drug User Fee Act (PDUEA).
a low prevalence, estimated 25 million  Before 198 ly 10 new drugs for rare dis
to 30 million Americans are affected by the  eases were developed by the pharmaceutical
collection of more than 6800 ra g to the FDA
rccognized by the US. Nation database, ted products
the decade end-

ease as one that affes

diseases  industry (

illion peo
of deaths within the first
development for rare di
particular set of ¢

and are responsible for 2014(3)
s oflife (1) Recent work by Fagnan ef al. (4) shows
that orphan drug development is particu-
larly well suited to be financed through a
.\\g.ﬂlmw 4 financial investment fund in
o be used for

rge
support such diversificati
industry parameters for development costs,
revenue projections, and historical success
rates for orphan dr nt, Fagnan
ctal.show that a portfolio of 10 to 20 projects
can yield d
with 2
Thei simulated sl s based o indusiry

averages and anecdotal
may not be achievable in prac

fund structure is the

Table 1. Structure and function. Simulated performance comparing an all-equity structure (using no debt financing); an RBO structure using a
+ senior and junior debt tranche paying 5 and 8% annual coupon rates, respectively; and a second RBO structure with a single guaranteed senior
« tranche. The senior tranche is paid before the junior (mezzanine) tranche, which is paid before the equity holder. In the event that the fund defaults

et e or fails to meet its debt obligations, the guarantor will pay the difference. Each structure acquires only preclinical compounds, with a target goal of
S reaching phase 3 within a maximum horizon of 11 years. Dashes indicate cases in which the corresponding type of financing and/or guarantee is

s e we oy Ot used. IRR, internal rate of return; ROE, return on equity.

<oncept to analyze a real-|
s Natic

Simulation results

vision of P
Therapeutic
eases (TRND)
Development

Equity tranche performance

poaled
bined with industry evers. AVErage IRR
etal.(4) for typical orphan d
1 more refine

of the pefors Average MIRR (0% financing)

cons, unlines, od swcees Average annualized ROE

to compute performance,

for each project in the

obtained by aver: m. a

panel of independent indust prObablllty (equity WIpEd out)
Using the total horizon t

we estimated that the v PrODability (return on equity <0)

retarns of s bypothtical

from 12 to. 15%. Moreover

wil rates of wuen meon PTObADIlItY (return on equity >10%)

flows—a metric

u be mo ! Probability (return on equity >25%)
4 Debt tranches performance

e Senior tranche: default probability, expected loss (bp)
. Junior tranche: default probability, expected loss (bp)

Guarantee performance

nld e Probability (cost of guarantee >0)

et
‘public-private partnership m

seectin prosects  Expected cost, 2% discount ($)
The TRND program with

DPI considers applications

e tramational medicne NO-arbitrage cost of guarantee ()

All equity
(similar equity)

3.25
26.7%
18.3%
11.6%
13 bp
8.0%
61.9%
2.2%

Research-backed
obligation (RBO)

0.1,<0.1

50, 15

RBO with guarantee
(no mezzanine)

5.32
N/A
22.7%
15.4%
0.34%
5.1%
78.6%
11.0%

<0.1, <0.1

0.3%

65,000
110,000

wwwScienceTranstationaiMedicing.arg 25 February 2015 Vol 7 s

I
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New Business Models Are Emerging
ENDPOINTS NEWS '
B TU — T .
! KKR backs monster $300M raise to bridgebio
build up a new-model biotech -- 1 BridgeBio Pharma, Inc. Secures
. . Y4 .
designed by Neil Kumar and MIT's ( e e
U Mill N
E Andrew Lo Pl | p to $750 Million in Non-
N Dilutive Debt Financing L
hg
BridgeBio Pharma, Inc. (BBIO) (¥ Addtovatchist ) 88 Visitorstrend 2w 4 10W 1 oMt y o ; i ot i
ot Nsiocs Rt e, Comenyinsy (37 A4t v ) E -Innovative financing facility and existing cash balance gives
10.48 :0.07 (+0.67%) i BridgeBio access to over $1.2 billion, which is expected to fully fund
s of 03:48PM EDT. Market open ; the Company’s 30+ genetic disease and cancer pipeline programs
Summary  Company Outlook @  Chart ~ Conversations  Statistics  Historical Data  Profile  Financials ~ Analysis ~ Options into 2024
1
) . con ) ) )
Previous Close 10.41 :ark::ap 5D 1M 6M YTD 1Y 5Y Max .( Ful\lz:zen for ) ] PALO AL-I—O7 Calﬂt., NOVEM BER 18, 2021 _ Bl’ldgeBIO Pharma, |I’1C.
Open 1041 \onthiy) . . s ef; { (Nasdag: BBIO) (BridgeBio or the Company), a commercial-stage
B 10.40x1000 - PE Ratio (TTM) A : o t‘ biopharmaceutical company focused on genetic diseases and
ok 10421200 EPS(TN) 08 jos and cancers, today announced that it has executed a definitive credit
Day's Range 099-1051  Eamingsoate  '\3G"307; i facility agreement with a syndicate of lenders for up to $750.0 million
SaWeskRonge  498-5357 Gy MAMVA) - ] in financing.
Volume 677,401 Ex-Dividend Date N/A | 1
v, Volume 2098578 1y Target Est a4 Trade pric t sourced from all market: — stake, raised about $299 million in a fresh round of financing in January.
16 Oct 2022 Slide 20



New Business Models Are Emerging
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m_‘s‘:n.(a'l B :va‘ T 7:a S . bﬂg\ebio about us v & pip v p & families
15 Sep 2021
l:ﬁ?]g\ebio - = | amma RridnaRin Pharma Receives FDA g‘:‘f’:zm
l)I‘/I(Jg\ébIO about us v science & pipeline v patients & families tion for
26 July 2022 2021 N
‘ira py for the Hope through rigorous science-
BridgeBio Pharma Announces o7 26 2022 Lgirdle medicnes with ransiomatie
ope . potential for patients wi
Positive Interim Results from a v Type 2i unmet needs.
. . . o } Wy lyp
Phase 2 Trial of Infigratinib in Hope through rigorous science-
o o medicines with transformative OUR MISSION
Achondroplasia Demonstrating potential for patients with
an Increase in Annualized Height =~ unmetneeds
Velomty of 1.52 cm/year n Hope through rigorous science- .
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Predicting drug approvals: The Novartis data science
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“Sante Fe Institute, Santa Fe, NM, USA THE BIGGER PICTURE The probability of success is a key parameter that clinical researchers, biopharma
executives and investors, and portfolio managers focus on when making important scientific and business
decisions about drug development. We describe an in-house data science and artificial intelligence chal-

Development of curative treatments for glioblastoma (GBM) has been sta lenge organized by Novartis in collaboration with MIT researchers. Using state-of-the-art machine-learning
largely because of significant financial risks. A portfolio-based strategy for algorithms and extensive feature engineering augmented by domain expertise in drug development, two
breakthrough therapies can effectively reduce the financial risks of potentiall winning teams developed models that outperformed the baseline MIT model proposed in a prior study.

trials for GBM. Using estimates from domain experts at the National Brain T These new predictive models can be used to augment human judgment to make more informed data-driven
) decisions in portfolio risk management and capital allocation. These results suggest the possibility of devel-

arlnalyze the performance of a portfolio of ?0 assets b'emg developed for oping even more accurate models using more comprehensive and informative data, and a broader pool of
different development phases and therapeutic mechanisms. We find that t challenge participants.

14.9% expected annualized rate of return. By incorporating the adaptive trial
our simulations, we show that at least one drug candidate in the portfolio y

Proof-of-Concept: Data science output has been formulated,
tions, v : n : 0000
Drug Administration (FDA) approval with a probability of 79.0% in the next|

implemented, and tested for one domain/problem

Keywords: Glioblastoma; Biomedical megafund; Adaptive clinical trial platform; Parallel drug discovery r
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