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Biomedicine Is At An Inflection Point
Top 30 Drugs in 2000 Top 30 Drugs in 2018

Sales

($, mill)
1 Humira AbbVie $20,476 Cambridge; Scripps CaT  Knoll
2 Revlimid Celgene $9,816 Boston Children's Celgene
3 Opdivo Bristol Myers $7,524  -- Medarex
4 Enbrel Amgen (Immunex) / Pfizer $8,538 MassGen Immunex
5 Keytruda Merck $7,198 LifeArc
6 Eylea Regeneron / Bayer $7,164 Regeneron
7 Herceptin Roche (Genentech) $7,140 UCLA Genenetch
8 Avastin Roche (Genentech) $7,004  -- Genenetch
9 Rituxan Roche (Genentech) $7,547  -- Idec  Genenetch
10 Eliquis Bristol Myers 6438  -- Bristol Myers
11 Xarelto Bayer $6,166  --  --
12 Remicade J&J  (Centocor) / Merck $6,002 NYU Centocor
13 Prevnar 13 Pfizer $5,901  --  --
14 Stelara J&J $5,293  -- Centocor
15 Lyrica Pfizer $5,004 Northwestern  --
16 Genvoya Gilead $4,737 Leuven, Emory Triangle, Gilead 
17 Neulasta Amgen $4,596 MSK Amgen
18 Imbruvica Abbvie / J&J $4,454  -- Pharmacyclics 
19 Tecfidera Biogen $4,274  -- Fumapharm
20 Lantus Sanofi $4,211  --  --
21 Ibrance Pfizer $4,118  -- Onyx
22 Januvia Merck $3,984 Demuth, Tufts Prosidion
23 Victoza Novo Nordisk $3,857  --  --
24 Lucentis Roche / Novartis $3,743  -- Genenetch
25 Botox Allergan $3,577  --  --
26 Soliris Alexion $3,563 Oklahoma Medical Research Alexion
27 Triumeq Pfizer / ViiV / GSK $3,535  --  --
28 Zytiga J&J $3,498 Institute of Cancer Research Cougar
29 Mavyret Abbvie $3,438  --  --
30 Gilenya Novartis $3,380 Kyoto University Novartis 

Total WW Sales $176,175
Biologics

$87,932 $149,569
49.9% 85%

Product Marketer(s)
University / Hospital Biotech Co. or Product 

Responsible for Discovery / Development
Sales

($, mill)
1 Prilosec AstraZeneca $6,260
2 Zocor Merck $5,280
3 Lipitor Pfizer $5,030
4 Norvasc Pfizer $3,361
5 Prevacid TAP Pharma $2,740
6 Procrit J&J $2,709 Amgen  J&J
7 Celebrex Pharmacia $2,614
8 Prozac Eli Lilly $2,585
9 Zyprexa Eli Lilly $2,366
10 Paxil GSK $2,349
11 Claritin Schering-Plough $2,194
12 Vioxx Merck $2,160
13 Zoloft Pfizer $2,140
14 Epogen Amgen $1,963 Amgen
15 Premarin Wyeth $1,870
16 Augmentin IR GSK $1,847
17 Vasotec Merck $1,790
18 Pravachol Bristol-Myers $1,766
19 Glucophage IR Bristol-Myers $1,718
20 Cozaar Merck $1,715
21 Tylenol J&J $1,680
22 Insulin Novo Nordisk $1,671  --
23 Cipro/Ciprobay Bayer $1,648
24 Risperdal J&J $1,603
25 Taxol RTI  Bristol-Myers $1,561
26 Zithromax Pliva  Pfizer $1,382
27 Intron A Schering-Plough $1,360  --
28 Viagra Pfizer $1,344
29 Neurontin Pfizer $1,334
30 Flixotide/Flovent GSK $1,334

$69,374 $7,702 4
Biologics 11% 13%

Total WW Sales

Responsible for    Discovery 
/ Development

Biotech Co. or Product
Product Marketer(s)

Source: Royalty Pharma
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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
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The “omics” Revolution:
 Genomics
 Epigenomics
 Transcriptomics
 Proteomics
 Metabolomics
 Microbiomics
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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 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)

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: 98.18%   $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    

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				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%







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?

© 2022 by Andrew W. Lo 
All Rights Reserved16 Oct 2022 Slide 12



Short Answer

© 2022 by Andrew W. Lo 
All Rights Reserved16 Oct 2022 Slide 13



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
© 2022 by Andrew W. Lo 
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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 bridging this gap

How Much Capital Do We Need?
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Siah and Lo (JSF 2021)
 Sourcecode available 

in R and Matlab
https://projectalpha.mit.edu

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 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.

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

Lack of Correlation Is Critical!

Orphan Diseases
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Fagnan, Yang, McKew, Lo (2015)
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New Business Models Are Emerging
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New Business Models Are Emerging
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28 Feb 2021

28 May 2021

15 Sep 2021

26 July 2022 2021



New Business Models Are Emerging
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New Business Models Are Emerging
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https://healthcare-finance.org

https://healthcare-finance.org/


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!



Happy Birthday 
Andy!



© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 26

 Bisias, Dimitrios, Andrew W. Lo, and James F. Watkins (2012), Estimating the NIH Efficient Frontier, PLoS ONE 7 (5), e34569. 
 Fernandez, Jose-Maria, Roger M. Stein, and Andrew W. Lo (2012), Commercializing Biomedical Research through Securitization 

Techniques, Nature Biotechnology 30 (10), 964–975. 
 Fagnan, David E., Jose-Maria Fernandez, Andrew W. Lo, and Roger M. Stein (2013), Can Financial Engineering Cure Cancer?, 

American Economic Review 103 (3), 406–411. 
 Fagnan, David E., Austin A. Gromatzky, Roger M. Stein, Jose-Maria Fernandez, and Andrew W. Lo (2014), Financing Drug Discovery 

for Orphan Diseases, Drug Discovery Today 19 (5), 533–538. 
 Fojo, Tito, Sham Mailankody, and Andrew W. Lo (2014), Unintended Consequences of Expensive Cancer Therapeutics - The Pursuit 

of Marginal Indications and a Me-Too Mentality That Stifles Innovation and Creativity: The John Conley Lecture, JAMA 
Otolaryngology - Head and Neck Surgery 140 (12), 1225–1236. 

 Lo, Andrew W., Carole Ho, Jayna Cummings, and Kenneth S. Kosik (2014), Parallel Discovery of Alzheimer’s Therapeutics, Science 
Translational Medicine 6 (241), 241cm5. 

 Lo, Andrew W., and Sourya V. Naraharisetti (2014), New Financing Methods in the Biopharma Industry: A Case Study of Royalty 
Pharma, Inc., Journal of Investment Management 12 (1), 4–19. 

 Fagnan, David E., N. Nora Yang, John C. McKew, and Andrew W. Lo (2015), Financing Translation: Analysis of the NCATS Rare-
Diseases Portfolio, Science Translational Medicine 7 (276), 276ps3. 

 Forman, Sandra M., Andrew W. Lo, Monica Shilling, and Grace K. Sweeney (2015), Funding Translational Medicine via Public 
Markets: The Business Development Company, Journal of Investment Management 13 (4), 9–32.



© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 27

 Fojo, Tito, and Andrew W. Lo (2016), Price, Value, and the Cost of Cancer Drugs, Lancet Oncology 17 (1), 3–5. 
 Kim, Esther S., and Andrew W. Lo (2016), Business Models to Cure Rare Disease: A Case Study of Solid Biosciences, Journal of 

Investment Management 14 (4), 87–101. 
 Lo, Andrew W., Tomas J. Philipson, and Andrew C. von Eschenbach (2016), Health, Wealth, and the 21st Century Cures Act, JAMA 

Oncology 2 (1), 17–18. 
 Lo, Andrew W., and Gary Pisano (2016), Lessons From Hollywood: A New Approach to Funding R&D, Sloan Management Review 

57 (2), 47–57.
 Montazerhodjat, Vahid, John J. Frishkopf, and Andrew W. Lo (2016), Financing Drug Discovery via Dynamic Leverage, Drug 

Discovery Today 21 (3), 410–414. 
 Montazerhodjat, Vahid, David M. Weinstock, and Andrew W. Lo (2016), Buying Cures versus Renting Health: Financing Health Care 

with Consumer Loans, Science Translational Medicine 8 (327), 327ps6. 
 Burnham, Terence C., Samuel Huang, and Andrew W. Lo (2017), Pricing for Survival in the Biopharma Industry: A Case Study of 

Acthar Gel and Questcor Pharmaceuticals, Journal of Investment Management 15 (4), 69–91.
 Das, Sonya, and Andrew W. Lo (2017), Re-Inventing Drug Development: A Case Study of the I-SPY 2 Breast Cancer Clinical Trials 

Program, Contemporary Clinical Trials 62, 168–174. 
 Kim, Esther S., Paige M. C. Omura, and Andrew W. Lo (2017), Accelerating Biomedical Innovation: A Case Study of the SPARK 

Program at Stanford University, School of Medicine, Drug Discovery Today 22 (7), 1064–1068. 



© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 28

 Montazerhodjat, Vahid, Shomesh E. Chaudhuri, Daniel J. Sargent, and Andrew W. Lo (2017), Use of Bayesian Decision Analysis to 
Minimize Harm in Patient-Centered Randomized Clinical Trials in Oncology, JAMA Oncology 3 (9), e170123. 

 Thakor, Richard T., Nicholas Anaya, Yuwei Zhang, Christian Vilanilam, Kien Wei Siah, Chi Heem Wong, and Andrew W. Lo (2017), 
Just How Good an Investment Is the Biopharmaceutical Sector?, Nature Biotechnology 35 (12), 1149–1157. 

 Chaudhuri, Shomesh E., Martin P. Ho, Telba Irony, Murray Sheldon, and Andrew W. Lo (2018), Patient-Centered Clinical Trials, Drug 
Discovery Today 23 (2), 395–401. 

 Das, Sonya, Raphaël Rousseau, Peter C. Adamson, and Andrew W. Lo (2018), New Business Models to Accelerate Innovation in 
Pediatric Oncology Therapeutics: A Review, JAMA Oncology 4 (9), 1274–1280. 

 Chaudhuri, Shomesh E., Katherine Cheng, Andrew W. Lo, Shirley Pepke, Sergio Rinaudo, Lynda Roman, and Ryan Spencer (2019), A 
Portfolio Approach to Accelerate Therapeutic Innovation in Ovarian Cancer, Journal of Investment Management 17 (2), 5–16.

 Das, Sonya, Samuel Huang, and Andrew W. Lo (2019), Acceleration of Rare Disease Therapeutic Development: A Case Study of 
AGIL-AADC, Drug Discovery Today 24 (3), 678–684. 

 Hull, John, Andrew W. Lo, and Roger M. Stein (2019), Funding Long Shots, Journal of Investment Management 17 (4), 1–33.
 Isakov, Leah, Andrew W. Lo, and Vahid Montazerhodjat (2019), Is the FDA Too Conservative or Too Aggressive?: A Bayesian 

Decision Analysis of Clinical Trial Design, Journal of Econometrics 211 (1), 117–136. 
 Lo, Andrew W., Kien Wei Siah, and Chi Heem Wong (2019), Machine Learning with Statistical Imputation for Predicting Drug 

Approval, Harvard Data Science Review 1 (1). https://doi.org/10.1162/99608f92.5c5f0525.
 Lo, Andrew W., and Richard T. Thakor (2019), Risk and Reward in the Orphan Drug Industry, Journal of Portfolio Management 45 

(5), 30–45. 



© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 29

 Siah, Kien Wei, Sean Khozin, Chi Heem Wong, and Andrew W. Lo (2019), Machine-Learning and Stochastic Tumor Growth Models 
for Predicting Outcomes in Patients With Advanced Non–Small-Cell Lung Cancer, JCO Clinical Cancer Informatics 3, 1–11. 

 Wong, Chi Heem, Kien Wei Siah, and Andrew W. Lo (2019), What Are the Chances of Getting a Cancer Drug Approved?, DIA Global 
Forum, May. http://bit.ly/2pUuBWs.

 Wong, Chi Heem, Kien Wei Siah, and Andrew W. Lo (2019), Estimation of Clinical Trial Success Rates and Related Parameters, 
Biostatistics 20 (2), 273–286. 

 Chaudhuri, Shomesh, Andrew W. Lo, Danying Xiao, and Qingyang Xu (2020), Bayesian Adaptive Clinical Trials for Anti-Infective 
Therapeutics During Epidemic Outbreaks, Harvard Data Science Review, COVID-19 Special Issue 1. 
https://doi.org/10.1162/99608f92.7656c213.

 Lo, Andrew W., Kien Wei Siah, and Chi Heem Wong (2020), Estimating Probabilities of Success of Vaccine and Other Anti-Infective 
Therapeutic Development Programs, Harvard Data Science Review, COVID-19 Special Issue 1. 
https://doi.org/10.1162/99608f92.e0c150e8.

 Smith, Erin, Diab Ali, Bill Wilkerson, Walter D. Dawson, Kunmi Sobowale, Charles Reynolds III, Michael Berk, Helen Lavretsky, Dilip
Jeste, Chee Ng, Jair C. Soares, Gowri Aragam, Zoe Wainer, Husseini K. Manji, Julio Licinio, Andrew W. Lo, Eric Storch, Ernestine Fu, 
Marion Leboyer, Ioannis Tarnanas, Agustin Ibanez, Facundo Manes, Sarah Caddick, Howard Fillit, Ryan Abbott, Ian H. Robertson, 
Sandra B. Chapman, Rhoda Au, Cara M. Altimus, William Hynes, Patrick Brannelly, Jeffrey Cummings, Harris A. Eyre (2020), A Brain 
Capital Grand Strategy: Toward Economic Reimagination, Molecular Psychiatry, https://doi.org/10.1038/s41380-020-00918-w. 

 Vu, Jonathan, Ben Kaplan, Shomesh E. Chaudhuri, Monique Mansoura, and Andrew W. Lo (2020), The Challenging Economics of 
Vaccine Development in the Age of COVID-19, and What Can be Done About It, DIA Global Forum 12 (5). https://bit.ly/3e9qxG5. 



© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 30

 Xu, Qingyang, and Andrew W. Lo (2020), Fair and Responsible Drug Pricing: A Case Study of Radius Health and abaloparatide, 
Journal of Investment Management 18 (1), 90–98.

 Berry, Donald, Scott Berry, Peter Hale, Leah Isakov, Andrew W. Lo, Kien Wei Siah, and Chi Heem Wong (2020), A Cost/Benefit 
Analysis of Clinical Trial Designs for COVID-19 Vaccine Candidates, PLoS ONE 15 (12), e0244418.

 Chaudhuri, Shomesh E. and Andrew W. Lo, Financially Adaptive Clinical Trials via Option Pricing Analysis, Journal of Econometrics, 
in press, https://doi.org/10.1016/j.jeconom.2020.08.012.

 Chaudhuri, Shomesh, Andrew W. Lo, Danying Xiao, and Qingyang Xu (2020), Bayesian Adaptive Clinical Trials for Anti-Infective 
Therapeutics During Epidemic Outbreaks, Harvard Data Science Review, COVID-19 Special Issue 1. 
https://doi.org/10.1162/99608f92.7656c213.

 Lo, Andrew W., and Kien Wei Siah (2021), Financing Correlated Drug Development Projects, Journal of Structured Finance 27(1), 
17–34.

 Vasileva, Detelina, Larry Norton, Marc Hurlbert, and Andrew W. Lo (2022), Measuring the Economic and Academic Impact of 
Philanthropic Funding: The Breast Cancer Research Foundation, Journal of Investment Management 20(1), 5–24.

 Huang, Samuel, Kien Wei Siah, Detelina Vasileva, Shirley Chen, Lita Nelsen, and Andrew W. Lo (2021), Life science intellectual 
property licensing at the Massachusetts Institute of Technology, Nature Biotechnology 39, 293–301165.

 Jorring, Adam, Andrew W. Lo, Tomas Philipson, Manita Singh, and Richard Thakor (2021), Sharing R&D Risk in Healthcare via FDA 
Hedges, Review of Corporate Finance Studies, In Press. https://doi.org/10.1093/rcfs/cfab024.

 Lo, Andrew W. (2021), Can Financial Economics Cure Cancer?, Atlantic Economic Journal 49, 3–21.

https://doi.org/10.1016/j.jeconom.2020.08.012
https://doi.org/10.1093/rcfs/cfab024


© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 31

 Siah, Kien Wei, Nicholas W. Kelley, Steffen Ballerstedt, Björn Holzhauer, Tianmeng Lyu, David Mettler, Sophie Sun, Simon Wandel, 
Yang Zhong, Bin Zhou, Shifeng Pan, Yingyao Zhou, and Andrew W. Lo (2021), Predicting Drug Approvals: The Novartis Data Science 
and Artificial Intelligence Challenge, Patterns 2 (8), 100312. https://doi.org/10.1016/j.patter.2021.100312.

 Siah, Kien Wei, Qingyang Xu, Kirk Tanner, Olga Futer, John J. Frishkopf, and Andrew W. Lo (2021), Accelerating Glioblastoma 
Therapeutics via Venture Philanthropy, Drug Discovery Today 26 (7), 1744–1749. https://doi.org/10.1016/j.drudis.2021.03.020.

 Alvarez, Daniel L., and Andrew W. Lo (2022), Differentiated Dollars: Venture Philanthropy Investment, Nature Biotechnology 40, 
458–462. https://doi.org/10.1038/s41587-022-01260-y. 

 Chaouch, Zied Ben, Andrew W. Lo, and Chi Heem Wong (2022), Should We Allocate More COVID-19 Vaccine Doses to Non-
Vaccinated Individuals?, PLoS Global Public Health 2 (7), e0000498. https://doi.org/10.1371/journal.pgph.0000498. 

 Elkind, Daniel, Kathryn Kaminski, Andrew W. Lo, Kien Wei Siah, and Chi Heem Wong (2022), When Do Investors Freak Out?: 
Machine Learning Predictions of Panic Selling, Journal of Financial Data Science 4 (1), 11–39. 

 Maher, Dermot P., Chi Heem Wong, Kien Wei Siah, and Andrew W. Lo (2022), Estimates of Probabilities of Successful Development 
of Pain Medications: An Analysis of Pharmaceutical Clinical Development Programs 2000–2020, Anesthesiology 137 (2), 243–251.

 Siah, Kien Wei, Dermot P. Maher, and Andrew W. Lo (2022), Financing Pharmaceuticals and Medical Devices for Pain Treatment 
and Opioid Use Disorder, Emerging Trends in  Drugs, Addictions, and Health 2, 100045. 
https://doi.org/10.1016/j.etdah.2022.100045.

 Siah, Kien Wei, Chi Heem Wong, Jerry Gupta, and Andrew W. Lo (2022), Multimorbidity and Mortality: A Data Science Perspective, 
Journal of Multimorbidity and Comorbidity 12, https://doi.org/10.1177/26335565221105431

https://doi.org/10.1016/j.etdah.2022.100045


© 2022 by Andrew W. Lo 
All Rights Reserved

Additional References

16 Oct 2022 Slide 32

 Singh, Manish, Roland Rocafort, Cathy Cai, Kien Wei Siah, and Andrew W. Lo (2022), The Reaction of Sponsor Stock Prices to 
Clinical Trial Outcomes: An Event Study Analysis, PLoS ONE 17 (9), e0272851.

 Thakor, Richard T. and Andrew W. Lo, (2022). Competition and R&D Financing: Evidence from the Biopharmaceutical Industry, 
Journal of Financial and Quantitative Analysis 57 (5), 1885–1928. 

 Vasileva, Detelina, Larry Norton, Marc Hurlbert, and Andrew W. Lo (2022), Measuring the Economic and Academic Impact of 
Philanthropic Funding: The Breast Cancer Research Foundation,  Journal of Investment Management 20 (1), 5–24.

 Vu, Jonathan, Ben Kaplan, Shomesh E. Chaudhuri, Monique Mansoura, and Andrew W. Lo (2022), Financing Vaccines for Global 
Health Security, Journal of Investment Management 20 (2), 1–17.

 Xu, Qingyang, Elaheh Ahmadi, Alexander Amini, Daniela Rus, and Andrew W. Lo (2022), Identifying and Mitigating Potential Biases 
in Predicting Drug Approvals, Drug Safety 45 (5), 521–533.

 Lo, Andrew W., and Richard T. Thakor (2022), Financing Biomedical Innovation, to appear in Annual Review of Financial 
Economics.

 Rincon-Gonzalez, Liliana, Wendy K.D. Selig, Brett Hauber, Shelby D. Reed, Michelle E. Tarver, Shomesh E. Chaudhuri, Andrew W. Lo, 
Dean Bruhn-Ding, and Barry Liden (2022), Leveraging Patient Preference Information in Medical Device Clinical Trial Design, to 
appear in Therapeutic Innovation & Regulatory Science.

 Xu, Qingyang, Joonhyuk Cho, Zied Ben Chaouch, and Andrew W. Lo (2022), Incorporating Patient Preferences and Burden of 
Disease in Evaluating ALS Drug Candidate AMX0035: A Bayesian Decision Analysis Perspective, to appear in Amyotrophic Lateral 
Sclerosis and Frontotemporal Degeneration.


	Slide Number 1
	Biomedicine Is At An Inflection Point
	Biomedicine Is At An Inflection Point
	Biomedicine Is At An Inflection Point
	Biomedicine Is At An Inflection Point
	Biomedicine Is At An Inflection Point
	Slide Number 7
	Investment Pop Quiz #1
	Investment Pop Quiz #2
	Financial Engineering Can Help
	Financial Engineering Can Help
	FAQs (details, details…)
	Short Answer
	Short Answer
	Short Answer
	Long Answer
	How Much Capital Do We Need?
	Orphan Diseases
	Fagnan, Yang, McKew, Lo (2015)
	New Business Models Are Emerging
	New Business Models Are Emerging
	New Business Models Are Emerging
	New Business Models Are Emerging
	Conclusion
	Slide Number 25
	Additional References
	Additional References
	Additional References
	Additional References
	Additional References
	Additional References
	Additional References



