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I. INTRODUCTION1 
The thesis of this paper is that the development of novel medical 

interventions in areas of continuing unmet medical need increasingly 
requires—and is enabled by—broad cross-sectorial interaction and 
collaboration involving academic research, the public sector, non-
governmental organizations and foundations, and private sector 
investment and industry.  This is not a novel or controversial thesis but 
a descriptive one that recognizes and reinforces the productive character 
of these symbiotic relationships and suggests that extending the model 
is a way forward in the evolving new era of medical innovation. 

Several critical factors underpin the growth and development of the 
innovation-based, life science industry in the United States.  The first 
factor is public sector funding, historically predominantly from the 
National Institutes of Health (NIH) but increasingly including 
philanthropic funding from not-for-profit organizations and 
foundations.  The second factor is public policy: The impact of 
government research funding was unlocked by the Bayh-Dole Act and 
further extended by legislation like the Orphan Drug Act and more 
recent regulatory initiatives like the FDA’s Breakthrough Therapy 
designation, Accelerated Approval and Priority Review, and Pediatric 
Disease Priority Review Vouchers.  The third factor is a symbiotic 
economic framework in the high-risk life science ecosystem that 
encourages, attracts, and rewards private sector investment.  

The explosion of new scientific discovery in the biological sciences 
over the last generation and the coincident trajectory in medical 
innovation are a significant partial function of these factors.  They have 
become integral to the life science industry, knitting the industry’s 
constituent institutional, governmental, non-governmental and 
commercial organizations together into a highly productive engine of 
innovation.  

The output of this organic and complex hybrid system is a stream of 
new medical products that drives the advance of modern medical 
practice.  One has only to consider for a moment the impact of medical 
innovation over the last generation or two to recognize the scope of its 
productivity.  How these products are priced is what inevitably binds 
the various complementary and conflicting interests of the system’s 
constituents together, acting as a kind of integral for the tension between 
                                                                                                                                   

1 The following commentary is representative of comments made by the author 
at a panel discussion titled “The IP Implications of Commercialization in 
Regenerative Medicine.”  The panel was held at the 2018 Wake Forest Journal of 
Business and Intellectual Property Law symposium: “Intellectual Property and 
Medical Technology: From Creation to Commercialization.”  The opinions 
expressed in this Article are those of the author and not those of the Wake Forest 
Journal of Business and Intellectual Property Law or Pappas Capital. 
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economics, utility and access.  Price embodies the innovative product’s 
value equation, and therefore operates at the heart of the system as a 
paramount determinant of its vitality. 

II. THE LIFE SCIENCE INDUSTRY INNOVATION ECOSYSTEM 
Few industries have as complex and challenging, and yet as 

productive, an innovation landscape as the research-based life science 
industry.  This reflects a combination of exceptional cost and risk over 
a protracted timeline, necessitated by regulatory criteria for product 
approval to ensure desirable standards of safety, efficacy, and quality.2  
Figure 1 sketches this ecosystem in broad strokes. 

Figure 1.  The New Drug Development and Approval Ecosystem 

 
Much of modern basic biological and biomechanical research takes 

place in academic and medical research centers.3  Several factors have 
pushed basic research upstream this way: the cost of basic research and 
its uncertain yield of discoveries with potential clinical utility, and the 
time and funding required to develop an approvable product for clinical 
                                                                                                                                   

2 Peter Young, Julie Watson & Professor Mike Mireles, Panel Discussion, The 
IP Implications of Commercialization in Regenerative Medicine, at the Wake Forest 
School of Law Journal of Business and Intellectual Property Law Symposium: 
Intellectual Property and Medical Technology: From Creation to Commercialization 
(Feb 2, 2018) (transcript on file with Journal). 

3 See RANJANA CHAKRAVARTHY ET AL., TUFTS UNIV. SCH. OF MED., PUBLIC 
AND PRIVATE SECTOR CONTRIBUTIONS TO THE RESEARCH & DEVELOPMENT OF THE 
MOST TRANSFORMATIONAL DRUGS OF THE LAST 25 YEARS 1–2 (2015); see, e.g., 
MIRIAM SHERGOLD, RAND, HEALTH AND MEDICAL RESEARCH IN THE UNITED 
STATES  20 (2008), 
https://www.rand.org/content/dam/rand/pubs/documented_briefings/2008/RAND_D
B534.pdf.  
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use.  As Figure 1 illustrates, the cost of developing an innovative new 
product rises as the product’s development progresses towards the 
marketplace.4  The nature of risk—the probability that the product will 
successfully reach the marketplace—changes with each successive 
stage, but also declines as the candidate product progresses across the 
timeline.5  The likelihood of a product candidate in Phase I clinical trials 
successfully advancing through Phase III and regulatory approval to the 
marketplace has been estimated at ten percent.6  

As scientific discoveries emerge with the potential to improve 
medical care, they enter a phase of translational development in which 
further investment becomes necessary to begin characterizing this 
potential in more specific detail.  As translational activity progresses 
into the preclinical development of more concrete product candidates, 
these may begin to attract private sector investment interest from three 
main sources: (1) mature companies in a relevant pharma, biotech or 
other industry sector interested in acquiring the rights to the technology; 
(2) angel investors (individuals and investor networks with the means 
to invest); (3) and venture capital firms with appropriately specialized 
expertise and funds to deploy in dedicated new technology development 
enterprises.  

As knowledge and understanding of an individual innovative 
opportunity grow, risk as a whole declines.  However, the capital burden 
of new product development rises dramatically as it advances towards 
evaluation in clinical trials and ultimate submission for regulatory 
approval.  The benchmark scope of the requisite investment is 
illustrated in Figure 2:  It can take well over $500 million in out-of-
pocket investment to develop and advance a typical new drug through 
approval.7  
  

                                                                                                                                   
4 See supra Figure 1. 
5 Young et al., supra note 2. 
6 Daniel B. Klein & Alexander Tabarrok, The Drug Development and Approval 

Process, INDEP. INST., http://www.fdareview.org/03_drug_development.php (last 
visited July 21, 2018). 

7 Joseph A. DiMasi & Henry G. Grabowski, The Cost of Biopharmaceutical 
R&D: Is Biotech Different?, MANAGERIAL &  DECISION ECON. 469, 477 (2007). 
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Figure 2.  Average out-of-pocket costs per approved drug (in 2014 dollars) 

 
The rising cost of new product development for an innovative 

medicine over the timeline in Figures 1 and 2 arises from the regulatory 
criteria that must be met to ensure an acceptable level of safety and 
efficacy.8  These criteria in turn require the highly specialized, resource-
intensive, and expensive development disciplines that the research and 
development-based (R&D) industry deploys.  The net effect is a 
progressive “division of labor” between public and private sectors as 
the development process matures (Figure 3).9 

Figure 3.  Government and BioPharma Industry Investments Are Highly 
Complementary 10 

 
Private sector investment also reflects the increasing value that these 

development-stage product candidates represent as they advance 

                                                                                                                                   
8 See supra Figure 1; supra Figure 2. 
9 See CHAKRAVARTHY ET AL., supra note 3.   
10 See id. at 3. 
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towards regulatory approval, clinical use, and the commercial 
marketplace.  If public sector research funding is the economic “push” 
in the life science innovation ecosystem, it is the prospective 
profitability of those products that ultimately are commercialized that 
provides the economic “pull.”  These jointly fuel the economics of the 
sector’s life science innovation engine. 

III.  BAYH-DOLE AND PUBLIC SECTOR FUNDING 
In December 1980, the Ninety-Sixth U.S. Congress passed the 

Bayh-Dole Act.11  This legislation established a new U.S. government 
patent policy that allowed small businesses, non-profit organizations 
and universities to retain title to inventions developed under federally-
funded research programs.12  The new law encouraged universities to 
file patents on inventions to which they retain title, collaborate with 
commercial enterprises to promote the application and utilization of 
these inventions, and license them for commercial practice.13 

It is a commonly held precept that this landmark legislation 
launched the biotechnology industry in the United States, which has 
gone on to lead the innovation-powered global life science sector that 
includes pharmaceuticals, biologicals, medical devices, diagnostics, 
and imaging technologies.14  Bayh-Dole combined with significant and 
long-standing funding by the NIH (Figure 4) created the setting in 
which our ongoing, modern-era explosion in the biological sciences 
could occur. 15   Without this public sector funding, our academic 
research institutions could not begin to cover the costs of the basic 
biological discovery research they undertake.  Such research has 
generated an exponential increase in the opportunities to develop new 
medical interventions, with profound effects on individual and public 
health, economic productivity and growth, and social wealth.  We will 
look at some noteworthy examples of new medicines that arose from 
this backdrop shortly. 
  

                                                                                                                                   
11 H.R. 6933, 96th Cong. (1980).  
12 Gary Pulsinelli, Share and Share Alike: Increasing Access to Government-

Funded Inventions Under the Bayh-Dole Act, 7 MINN. J.L. SCI. & TECH. 393, 402–03 
(2006). 

13 See id. at 394–95, 403. 
14 Bernadette Tansey, The Building of Biotech / 25 Years Later, 1980 Bayh-Dole 

Act Honored as Foundation of an Industry, SFGATE (June 21, 2005, 4:00 AM),  
https://www.sfgate.com/business/article/The-building-of-biotech-25-years-later-
1980-2660978.php.  

15 Id.; AM. ASS’N FOR THE ADVANCEMENT OF SCI., NIH BUDGET BY FUNDING 
MECHANISM, 1998–2014 (2013), 
https://www.aaas.org/sites/default/files/NIHMech.jpg.    
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Figure 4.  NIH Annual Funding  

Although the NIH’s funding has declined from its peak in 2003, it 
remains well over thirty billion dollars annually (Figure 4).16  Over half 
of this funding is consistently devoted to external research grants, much 
of it going to academic research institutions to power ongoing scientific 
discovery in the life sciences.17  In addition, the Department of Defense 
and the Small Business Administration allocate significant funds to 
medical research every year: the budget for the former was $940 million 
in 2016,18 and the latter was over $500 million (mediated through NIH) 
in 2017.19 

There is a striking corollary in the growth of patent grants to 
academic research institutions since the passage of Bayh-Dole (Figure 
5).20  In 1980, the government held 28,000 patents, but only five percent 
were licensed to the private sector.21 
                                                                                                                                   

16 See supra Figure 4.  
17 See supra Figure 4.  
18 Melissa Vetterkind, Am. Ass’n for the Advancement of Sci., The President’s 

FY 2016 Budget: Department of Defense (2016), 
https://comptroller.defense.gov/Budget-Materials/Budget2016/.  

19 U.S. Dep’t of Health and Human Services, Table #215: NIH Small Business 
Innovation (SBIR) and Small Business Technology Transfer (STTR) Grants, NAT’L 
INSTS. OF HEALTH, https://report.nih.gov/success_rates/index.aspx.  

20 See U.S. PATENT AND TRADEMARK OFFICE, U.S. COLLEGES AND 
UNIVERSITIES – UTILITY PATENT GRANTS, CALENDAR YEARS 1969-2012: BREAKOUT 
BY TECHNOLOGY CLASS, EXTENDED ANNUAL DATA (2012), 
https://www.uspto.gov/web/offices/ac/ido/oeip/taf/univ/cls_grx/universities_gx.htm.  

21 FRAN FEATHERSTON ET AL, U.S. GOV’T ACCOUNTABILITY OFF., TECHNOLOGY 
TRANSFER: ADMINISTRATION OF THE BAYH-DOLE ACT BY RESEARCH UNIVERSITIES 
3 (1998), www.gao.gov/products/RCED-98-126.  
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Figure 5. US College & University Patent Grants by Year 

 
US Patent and Trademark Office, US Colleges and Universities – Utility Patent 

Grants, Calendar Years 1969-2012, Breakout by Technology Class, Extended Annual 
Data 

The Association of University Technology Managers described the 
effects of academic patent licensing and commercialization over the 
preceding twenty-five years in its 2016 licensing survey as follows22:  

• $1.3 trillion contribution to US industrial output, $.6 trillion 
to GDP and 4.3 million jobs;  

• 380,000 inventions disclosed and 80,000 patents issued; and 
• Over seventy percent of patent licenses to small businesses 

and start-ups, with 11,000 new start-up companies formed 
and over 200 new drugs and vaccines developed through 
public-private partnerships. 

The impact of the Bayh-Dole Act on the generation of new 
intellectual property by academic research centers is abundantly 
evident, but the process by which the scientific discoveries flowing 
from these institutions become new medical products has been 
influenced by other factors equally striking and important. 
  

                                                                                                                                   
22 THE ASS’N  OF UNIV. TECH.  MANAGERS, U. S. LICENSING SURVEY FY2016 15 

(2017), 
https://www.autm.net/AUTMMain/media/SurveyReportsPDF/AUTM_FY2016_US_
Highlights_no_Appendix_WEB.pdf.  
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IV. PUBLIC POLICY – THE ORPHAN DRUG ACT 
The Orphan Drug Act (ODA) is another example of a public policy 

with a successful impact on its target outcome – to increase investment 
in new rare disease treatments and in the number of available new rare 
disease therapies (Figure 6).23  Enacted in 1983, ODA provides seven 
years of market exclusivity from the date of approval for drugs receiving 
an orphan designation (defined as a disease with prevalence of less than 
200,000), tax credits for clinical testing expenses, eligibility for drug 
development grants, and exemption from FDA user fees. 24   These 
incentives were intended to encourage private sector investment in 
approximately 7000 rare diseases afflicting an estimated thirty million 
Americans.25  These are diseases that historically had been “orphaned” 
in terms of new treatment opportunities because of too limited 
conventional commercial potential to attract industry activity; i.e., not 
enough patients.26 

Figure 6. FDA Orphan Drug Approvals by Year 

 
As effective as these incentives have been, enhanced capital 

efficiency in the rare disease sector has been more significant from an 
investor perspective.  This efficiency parallels the FDA’s adaptation of 
its regulatory criteria to reflect the constraints that the affected, smaller 
patient populations represent, and has taken at least two important 
forms.  First, rare disease clinical trials now typically require far fewer 
                                                                                                                                   

23 MIKE LANTHIER, FDA, INSIGHTS INTO RARE DISEASE DRUG APPROVAL: 
TRENDS AND RECENT DEVELOPMENTS 4 (2017),  
https://www.fda.gov/downloads/forindustry/developingproductsforrarediseasescondi
tions/ucm581335.pdf.  

24 FDA at Rare Disease Day, FDA (Feb. 28, 2011), 
https://www.fda.gov/forindustry/developingproductsforrarediseasesconditions/ucm2
39698.htm.   

25 LANTHIER, supra note 23.  
26 Id. 
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patients, partly because fewer patients exist and they may be harder to 
identify and recruit into trials.  Second, FDA typically relaxes the 
requirement for pivotal safety and efficacy evidence from two well-
controlled Phase III clinical trials as a prerequisite for approval.  Instead, 
a new rare disease treatment may be approved with a single Phase III 
trial, or even just a single Phase II study.  

These development efficiencies may be further augmented by other 
FDA initiatives designed to expedite the regulatory review process.  
Note that these regulatory policy designations may apply to any 
qualifying new therapy, not just those for rare diseases27: 

• Fast track – more frequent FDA interaction as well as 
“rolling review” to expedite development and review. 

• Breakthrough Therapy designation – engages intensive FDA 
guidance and involvement in the development and review 
process based on preliminary clinical results. 

• Accelerated Approval – allows approval based on a 
surrogate rather than a clinical endpoint. 

• Priority Review – establishes a six-month goal for an FDA 
decision on a new drug or biological application. 

• Priority review vouchers – awards the developer of a drug 
for a target rare pediatric disease or specified tropical disease 
or medical countermeasure a voucher that can be applied to 
obtain FDA priority review for another new drug or 
biological license application; such vouchers have been sold 
for use by other firms for as much as $350 million.  

Since 2013, over one quarter of orphan drug approvals received 
breakthrough designation and nearly three quarters received priority 
review.28 

The net effect of all these regulatory factors is to substantially 
reduce the cost, the time, and the risk that are normally associated with 
drug development and commercialization, making it economically 
attractive to invest in new therapies that meet the necessary criteria, 
including rare diseases.  These regulatory policies have clearly been 
successful in encouraging and accelerating the introduction of new 
therapies.  Let’s turn now to the process by which the pricing of those 
treatment innovations reflects an equitable allocation of value.  

                                                                                                                                   
27 Alexander Gaffney, Michael Mezher & Zachary Brennan, Regulatory 

Explainer: Everything You Need to Know About FDA’s Priority Review Vouchers, 
REG. AFFS. PROFLS. SOC’Y (July 23, 2018), https://www.raps.org/regulatory-
focus/news-articles/2017/12/regulatory-explainer-everything-you-need-to-know-
about-fdas-priority-review-vouchers.  

28 LANTHIER, supra note 23. 
continued . . . 
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V. NEW PRODUCT PRICING AND THE VALUE PROPOSITION 
For all the complex factors influencing the pricing of innovative 

new medical therapies (Figure 7), price remains an imperfect and 
subjective expression of the value assigned to such a product that 
mediates its sale.29  Both buyer’s and seller’s share of that value must 
be adequate for the transaction to occur.  Ideally, the product generates 
enough value and that value is shared equitably enough that the parties 
to the transaction are satisfied.  This ideal is commonly a matter of 
considerable dispute when a new innovation’s price is disclosed at the 
time of its launch – even more so if it has been the beneficiary of 
considerable public sector, or so-called venture philanthropy or 
foundation – funding and development support.30 

Notably, in healthcare this fundamental economic transaction is 
complicated by the involvement of multiple parties: (1) a professional 
health care decision-maker who often makes the choice of treatment 
independently, (2) the payers and insurance companies who typically 
cover a portion if not a majority of its cost, (3) and the patient, the actual 
consumer of the product who typically contributes a co-payment. 

The companies introducing an innovative new treatment make a 
pricing decision at a watershed moment in the product’s life cycle—the 
culmination of its development and regulatory review for commercial 
sale and clinical use.  For the first time, the product will generate 
revenue and begin to recoup the investment in its development and 
defray the costs of its commercialization.  The pricing decision draws 
on plenty of objective information like the pricing of competitive 
therapies, feedback from payers about the reimbursement landscape, 
projected manufacturing costs, and market research on adoption rates.31  
Yet the price is still framed in a commercial forecast that is intrinsically 
uncertain, and this drives a maximum price thought process: “you can 
always lower a price, but you can’t raise it,” is the common management 
rationale.32  Uncertainty about adoption and sales at the time of launch 
is also coupled with consciousness of a finite life cycle before patent 
expiration.33  Even with a patent extension, the years of development a 

                                                                                                                                   
29 Young et al., supra note 2. 
30 Robert Pear, ‘Paying Twice’: A Push for Affordable Prices for Taxpayer-

Funded Drugs, N.Y. TIMES (May 28, 2018), 
https://www.nytimes.com/2018/05/28/us/politics/drug-
prices.html?rref=collection%2Fbyline%2Frobert-
pear&action=click&contentCollection=undefined&region=stream&module=stream_
unit&version=search&contentPlacement=2&pgtype=collection. 

31 Young et al., supra note 2. 
32 Id. 
33 Id. 

continued . . . 
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new product requires cut the period of market exclusivity remaining at 
launch significantly.34  As the final and most significant determinant of 
economic performance within management’s control, price therefore 
tends to seek the highest set point.35 

Figure 7. Pricing Factors 

 
On the buyer’s side of the equation, uncertainty drives the 

appreciation of potential value in the opposite direction.  Now a major 
limitation is the fact that the clinical data sufficient to support a 
product’s regulatory approval may not predict its long-term effects 
completely or accurately.  This can often be true for the most innovative, 
breakthrough treatments.  How durable or long-lasting is the treatment 
effect?  How often, and for how long, will it have to be given?  Are there 
unforeseen long-term toxicities or drug interactions?   

In addition to uncertainty about clinical performance, the buyer 
faces corresponding risk relating to impact on the burden of illness, 
including its financial impact.  As the obverse of the seller’s anxiety 
about market adoption, this inevitably drives price sensitivity in the 
opposite direction.  

Finding new, evolving methods to set prices for innovative 
medicines that strike an equitable balance of value across the societal 
stakeholders who are involved and affected is central to the vitality of 
the innovation-based life science industry.  We will now consider some 
historical examples of important medical innovations that illustrate how 
some of these funding, regulatory, economic and collaborative factors 
have combined to contribute to the advance of medical practice, and 
how the decisions made about setting their value equations were 
reflected in their price. 

                                                                                                                                   
34 Id. 
35 Id. 
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VI. HIV AND RETROVIR® (AZT – ZIDOVUDINE) 

Sept. 1989 civil disobedience at New York Stock Exchange36 

AIDS was first reported in 1981 and by 1984 was determined to be 
caused by the human retrovirus Human Immunodeficiency Virus.37  In 
1987, Retrovir® was approved as the first treatment for HIV infection.38  
AZT, as it is more commonly known, is a nucleoside analogue reverse 
transcriptase inhibitor originally discovered in 1964 under an NIH 
grant. 39   Twenty years later, Burroughs Wellcome (BW) scientists 
identified it as a potential HIV drug and sent it to the National Cancer 
Institute for in vitro testing.40  This led to an NCI-sponsored Phase 1 
clinical trial.41  Based on positive results, BW went on to conduct a 
double-blind placebo-controlled trial that demonstrated improved 
survival and filed a patent application in 1985.42  The FDA approved 
                                                                                                                                   

36 The AIDS Fight Back: Reflection from a Revolutionary, LIBERATION SCH. 
(May 16, 2014), http://liberationschool.org/the-aids-fight-back-reflection-from-a-
revolutionary/. 

37 AIDS.GOV, A TIMELINE OF HIV/AIDS 1-2 (2016), 
https://www.hiv.gov/sites/default/files/aidsgov-timeline.pdf. 

38 Id. 
39 See Zidovudine, DRUGS.COM (Apr. 2, 2018), 

https://www.drugs.com/monograph/zidovudine.html; Brian D. Herman & Nicolas 
Sluis-Cremer, Molecular Pharmacology of Nucleoside and Nucleotide HIV-1 
Reverse Transcriptase Inhibitors, in PHARMACOLOGY 64 (Luca Gallelli ed., 2012), 
https://www.researchgate.net/publication/221928501_Molecular_Pharmacology_of_
Nucleoside_and_Nucleotide_HIV-1_Reverse_Transcriptase_Inhibitors.  

40 Samuel Broder, The Development of Antiretroviral Therapy and its Impact on 
the HIV-1/AIDS Pandemic, 85 ANTIVIRAL RES. (SPECIAL ISSUE) 2 (2010).  

41 Id. at 35. 
42 Burroughs Wellcome Co. v. Barr Labs., Inc., 828 F. Supp. 1200, 1203 

(E.D.N.C. 1993) (“On October 29, 1984, Dr. Rideout selected AZT for testing in 
BW Co.’s murine screens. After obtaining these positive results, the BW Co. 
scientists first discussed patenting the use of AZT to treat AIDS on December 5, 
1984. On January 15, 1985 BW Co. decided to file a patent application covering the 

continued . . . 



 

 

2018] INNOVATION, ECONOMICS AND 
PRICING 

581 

AZT in record time.43 
BW initially priced AZT at approximately $10,000 per year (ex 

pharmacy), reducing this to roughly $8000 per year in response to 
intensely negative public reaction and widespread protest from the 
AIDS activist community.44  In 1991 Public Citizen and two generic 
companies challenged the validity of the BW patent, claiming that it 
failed to identify NCI co-inventors.  The courts ruled in favor of BW in 
1992.45 

By the early 1990s it was clear that the development of viral 
resistance severely limited the clinical benefit of HIV monotherapy.  
Over the ensuing decade, the introduction of HIV combination regimens 
including new agents with complementary but distinct mechanisms of 
action began to change the prognosis for HIV in high-income countries, 
ultimately rendering it a disease potentially manageable as a chronic 
condition in many patients.   

In September 1998, I had the privilege of being the sole industry 
representative on a House Committee on International Relations hearing 
on the HIV in the developing world.46  Preceding me was a presentation 
by Dr. Anthony Fauci, the long-standing and highly respected director 
of the National Institute of Allergy and Infectious Disease.  As I recall, 
Dr. Fauci’s first slide showed the number of new antiviral drugs that in 
combination had rapidly become the new standard of care in treating 
HIV infection and the forty to fifty percent decline in mortality they had 
produced.47 

His next slide highlighted their per-patient aggregate cost, which 
can be as high as $15-20,000 per year.48  This was going to provide a 
difficult segue to my testimony, I thought.  However, Dr. Fauci’s point 
was not about the value of these new medicines in the developed world; 
it was how inaccessible these new life-saving regimens were to the vast 
majority of HIV patients living in low-income countries.49   

Many intersecting factors have influenced the evolving perception 
of price and value in the HIV arena.  Principally, these include the 
change in the treatment paradigm to combination therapy, the 
                                                                                                                                   
use of AZT as an AIDS therapy.”). 

43Public Health Services, Approval of AZT, AIDSINFO (Mar. 20, 1987), 
https://aidsinfo.nih.gov/news/274/approval-of-azt.   

44AZT’s Inhuman Cost, N.Y. TIMES (Aug. 28, 1989), 
https://www.nytimes.com/1989/08/28/opinion/azt-s-inhuman-cost.html.  

45 Burroughs Wellcome Co. v. Barr Labs., Inc., 143 F.R.D. 611 (E.D.N.C. 
1992). 

46 The Spread of AIDS in the Developing World: Hearing Before the H.Comm. 
on International Relations, 105th Cong. (1998) (statement of Peter Young). 

47 Id. at 6. 
48 Id.   
49 Id.  
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introduction of new agents and classes of drugs, the reality of significant 
clinical benefit, tiered pricing in low-income/high-prevalence countries, 
and the continuing contribution of public sector funding and 
development infrastructure, NGOs, and patient activists.  HIV/AIDS 
remains a seminal case study in the history of medicine in all these 
respects.  Patient advocacy demonstrated its ability to affect price, 
access, and regulatory policy as well as industry behavior most potently 
in the HIV/AIDS arena, permanently cementing the patient’s seat at the 
table across the medical ecosystem.  The impact of advocacy reset the 
regulatory paradigm by accelerating FDA review of new interventions 
and establishing surrogate markers like viral load for approval in lieu of 
clinical endpoints requiring much longer studies.  In response to a global 
health challenge of epidemic proportion arose a dramatic if often 
fractious societal response benefiting patients, caregivers, healthcare 
providers and industry alike.  

These factors could exert a positive influence on the commercial 
launch, market adoption and post-launch profitability of HIV drugs as 
well.  For example, the introduction of Epivir® (3TC, lamivudine) in 
1995 based on its clinical efficacy in combination with AZT gave 
patients their first prospect of truly efficacious treatment.50   As the 
results from combination trials began to be reported, patient pressure 
built for pre-approval access.51  The compassionate use program that 
Glaxo Wellcome administered in the interval preceding FDA approval 
ultimately enrolled thousands of patients at a cost of tens of millions of 
pounds sterling. 52   When the company’s executive management 
reviewed this program, I was in a position to say that a corresponding 
effect would be a pre-existing patient population already on treatment 
who would convert to prescriptions at the time of launch.  In fact, the 
sales and market adoption curve for 3TC followed a step-function curve 
rather than the typical gradual slope of most new pharmaceutical 
products.  Because prescriptions were driven by a cadre of specialized 
medical experts and highly informed and motivated patients, sales and 
marketing were also much more efficient, with promotional costs as a 
percentage of sales substantially lower than typical pharmaceutical 
products. 

How did Glaxo Wellcome arrive at its price for Epivir®?  We 
interacted at great length with the HIV patient activist community 

                                                                                                                                   
50 Epivir, POZ, https://www.poz.com/drug/epivir  (last updated July 15, 2016); 

HIV/AIDS Historical Time Line 1995-1999, FDA, 
https://www.fda.gov/forpatients/illness/hivaids/history/ucm151079.htm (last updated 
Feb. 16, 2018); Lamivudine: Effectiveness, AIDSMAP, 
http://www.aidsmap.com/Effectiveness/page/1730843/ (last visited July 19, 2018). 

51 See generally HIV/AIDS Historical Time Line 1995-1999, supra note 50.  
52 Young et al., supra note 2.  
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during the clinical trials evaluating it in combination with AZT, so that 
both parties had a mutual appreciation of the regimen’s transformational 
clinical potential.  We also discussed potential pricing.  What emerged 
from this was a fairly clear sense of the community’s threshold of 
sensitivity, beyond which a price would be perceived as excessive and 
exploitative—a profiteering price that would violate the shared value 
equation between the company and its investors on one side, and 
patients on the other.  As the executive responsible for recommending 
a global benchmark price, I put that threshold price forward and the 
company’s leadership accepted it.  Not only was that price generally 
accepted as uncontroversial by the activist community, but it was also 
recognized as the result of a constructive dialogue, reinforcing its 
acceptance. 

While many aspects of HIV treatment, cost, and access remain 
problematic, especially in marginalized populations and low-income 
countries, few would argue that it has not become one of the most 
successful case studies in medical innovation in modern history. 

VII. VENTURE PHILANTHROPY, CYSTIC FIBROSIS AND KALYDECO® 
(IVACAFTOR) 

Cystic fibrosis (CF) is a disease that affects approximately 30,000 
patients in the U.S.53  These patients suffer from various mutations in 
the genes that govern the process of mucus production in the lungs and 
other organs, resulting in impaired mucociliary clearance of the 
airways, difficulty breathing, and vulnerability to pulmonary 
infections.54  Over time, the disease damages the lungs and leads to 
respiratory failure.55 

In 2000, the Cystic Fibrosis Foundation (CFF) invested forty million 
dollars in Aurora Biosciences, a company with specialized high-
throughput screening technology, to identify compounds that could 
target the defective genetic mechanisms in CF.56  A year later, Vertex 
Pharmaceuticals acquired Aurora for $592 million.57   

In 2012, the FDA approved Vertex’s new CF drug Kalydeco® 
                                                                                                                                   

53 About Us, CYSTIC FIBROSIS RES. INC., http://cfri.org  (last visited July 20, 
2018). 

54 See About CF, CYSTIC FIBROSIS RES. INC., http://cfri.org/about-cf/ (last 
visited July 20, 2018). 

55 Id. 
56 CF Foundation Venture Philanthropy Model, CYSTIC FIBROSIS FOUND., 

https://www.cff.org/About-Us/About-the-Cystic-Fibrosis-Foundation/CF-
Foundation-Venture-Philanthropy-Model/ (last visited July 18, 2018).  

57 Andrew Pollack, Vertex Buys Biotechnology Rival for $592 Million, N.Y. 
TIMES (May 1, 2001), https://www.nytimes.com/2001/05/01/business/technology-
vertex-buys-biotechnology-rival-for-592-million.html. 
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(ivacaftor) for CF patients with a G551D mutation.58  For the four to 
five percent of CF patients with this mutation, the treatment has been 
shown to be effective in restoring significant lung function.59  Vertex 
priced the new, twice-daily, chronic treatment at over $300 thousand 
per year.60   

In 2014, CFF sold its twelve percent royalty rights on Kalydeco® 
sales to Royalty Pharma for $3.3 billion. 61   Vertex reported $845 
million in 2017 annual sales of Kalydeco®, unequivocally 
demonstrating an economically attractive price-volume relationship 
underpinning its sales performance.62  Even more so than with HIV, 
promotional costs for a small patient population and a correspondingly 
small target physician specialist group can be inferred to be low. 

In 2015, the FDA approved Vertex’s Orkambi®, a combination of 
ivacaftor and lumacaftor for patients twelve years and older with the 
F508del mutation.  This was expanded the following year to include 
patients as young as six years old, a population estimated to be 
approximately half of all CF patients.63  Vertex priced this new product 
at $259 thousand per year.64 Within just a couple of years, Orkambi® 
sales grew to $1.32 billion.65  In 2016, CFF announced an expansion of 
its Vertex partnership with an up-front investment of seventy-five 
                                                                                                                                   

58 Magdalena Kegel, FDA, Using Precision Medicine, Triples Number of Cystic 
Fibrosis Mutations Kalydeco May Treat, CYSTIC FIBROSIS NEWS TODAY (May 18, 
2017), https://cysticfibrosisnewstoday.com/2017/05/18/cf-therapy-kalydeco-wins-
fda-approval-treat-23-additional-mutations/. 

59 Andrew Pollack, F.D.A Approves New Cystic Fibrosis Drug, N.Y. TIMES 
(Jan. 31, 2012), https://www.nytimes.com/2012/02/01/business/fda-approves-cystic-
fibrosis-drug.html.  

60 Joe Nocera, The $300,000 Drug, N.Y. TIMES (July 18, 2014), 
https://www.nytimes.com/2014/07/19/opinion/joe-nocera-cystic-fibrosis-drug-
price.html.  

61 Joseph Walker & Jonathan D. Rockoff, Cystic Fibrosis Foundation Sells 
Drug’s Rights for $3.3 Billion, WALL ST. J. (Nov. 19, 2014, 1:13 PM), 
https://www.wsj.com/articles/cystic-fibrosis-foundation-sells-drugs-rights-for-3-3-
billion-1416414300.  

62 Matthew Herper, Vertex Picks “Impressive” Cystic Fibrosis Drugs To Aim 
For A Multibillion-Dollar Market, FORBES (Jan. 31, 2018, 4:14 PM), 
https://www.forbes.com/sites/matthewherper/2018/01/31/vertex-picks-impressive-
cystic-fibrosis-drugs-to-aim-for-a-multibillion-dollar-market/#6400cd643d23.  

63 FDA Expands Use of Orkambi® to Children Ages 6 to 11 With CF, CYSTIC 
FIBROSIS FOUND. (Sept. 28, 2016), https://www.cff.org/News/News-
Archive/2016/FDA-Expands-Use-of-Orkambi-to-Children-Ages-6-to-11-With-CF.   

64 John LaMattina, Will The High Cost Of Vertex’s New Cystic Fibrosis Drug 
Push The U.S. To European Style Pricing?, FORBES (Jul. 22, 2015), 
https://www.forbes.com/sites/johnlamattina/2015/07/22/will-the-high-cost-of-
vertexs-new-cystic-fibrosis-drug-push-the-u-s-to-european-style-
pricing/#6c24ac39eb88. 

65 Herper, supra note 62.  
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million dollars and six million dollars per year in the company’s 
ongoing CF research, reportedly extending a cumulative $120 million 
in previous investment in the company’s R&D.66  

Even though the source of complementary funding in this case is 
venture philanthropy (a non-profit foundation rather than the public 
sector), the CFF-Vertex collaboration is one of the most salient 
examples of productive cross-sector collaboration.  It also exemplifies 
the intrinsic tension between innovation funding and downstream 
pricing in the marketplace. 

VIII. CHIMERIC ANTIGEN RECEPTOR – T CELL IMMUNOTHERAPIES 
(CAR-TS) 

In August 2017, Kymriah® became the first of a new class of cancer 
treatments called chimeric antigen receptor T cell (CAR-T) 
immunotherapies to be approved by the FDA. 67   These products 
engineer the immune cells of cancer patients to recognize and attack 
cancer cells, utilizing purpose-designed, highly specialized, 
sophisticated and complex new production techniques.68  Kymriah® 
targets certain difficult-to-treat blood cancers like refractory or relapsed 
B-cell ALL, an orphan indication.69  Prior to the approval of Kymriah®, 
approximately one-fifth of an estimated 3500 pediatric and young adult 
patients diagnosed in the U.S. every year would fall into this category, 
with less than a ten percent five-year survival rate.70 

How did Kymriah® benefit from public sector support?  First, the 
University of Pennsylvania lab of one of the principal originators of the 

                                                                                                                                   
66 Robert Weisman, Vertex to Get New Investment from Cystic Fibrosis 

Foundation, BOS. GLOBE (Oct. 14, 2016), 
https://www.bostonglobe.com/business/2016/10/14/vertex-get-new-investment-
from-cystic-fibrosis-foundation-under-revised-
deal/XklbRNebBa1nOhgt4WOqFI/story.html.  

67 Press Release, FDA., FDA Approval Brings First Gene-Therapy to the United 
States (Aug. 30, 2017), 
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm574058.htm.  

68 Id.  
69 Id. 
70 Press Release, Penn Med. News, FDA Approves Personalized Cellular 

Therapy for Advanced Leukemia Developed by University of Pennsylvania and 
Children’s Hospital of Philadelphia (Aug. 30, 2017), 
https://www.pennmedicine.org/news/news-releases/2017/august/fda-approves-
personalized-cellular-therapy-for-advanced-leukemia; See also Press Release, 
Novartis, Novartis Receives First Ever FDA Approval for a CAR-T Cell Therapy, 
Kymriah(TM) (CTL019), for Children and Young Adults with B-cell ALL That is 
Refractory or Has Relapsed at Least Twice (Aug. 30, 2017), 
https://www.novartis.com/news/media-releases/novartis-receives-first-ever-fda-
approval-car-t-cell-therapy-kymriahtm-ctl019.  
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treatment received substantial CAR-T related NIH grant support prior 
to the approval.71  Penn undertook the first limited clinical trials of the 
new immunotherapy under an investigator-sponsored IND in 2010.72  
Two years later, Penn entered into an R&D collaboration with Novartis 
under which it received twenty million dollars, established a new Center 
for Advanced Cellular Therapies with the company, and licensed 
exclusive rights to CAR-Ts emerging from the collaboration.73  

The FDA applied many of its regulatory policy tools in its handling 
of Kymriah®.74  It designated the product breakthrough status under a 
Penn application in 2014.  In 2015, Novartis initiated a single-arm, open 
label Phase II clinical trial intended to enroll eighty-one patients 
receiving a single infusion of CTL019, as it was then identified, who 
would then be followed for five years. 75   Novartis filed a BLA 
(biologics license application) for Kymriah® in March 2017 and was 
granted a priority review.76  The product was approved less than six 
months later based on data from sixty-three patients showing an eighty-
three percent overall response rate and a sixty-three percent complete 
response.77  Because of the potential for serious adverse events like 
                                                                                                                                   

71Diane Singhroy, The Public Sector Role in Funding CAR T Technologies, 
KNOWLEDGE ECOLOGY INT’L (Sept. 2017), 
http://www.keionline.org/sites/default/files/CAR-T_Singhroy.pdf.  

72 Press Release, Penn Med. News, FDA Approves Personalized Cellular 
Therapy for Advanced Leukemia Developed by University of Pennsylvania and 
Children’s Hospital of Philadelphia (Aug. 30, 2017), 
https://www.pennmedicine.org/news/news-releases/2017/august/fda-approves-
personalized-cellular-therapy-for-advanced-leukemia.  

73 Press Release, Penn Med. News, University of Pennsylvania and Novartis 
Form Alliance to Expand Use of Personalized T Cell Therapy for Cancer Patients, 
PENN MED. NEWS, (Aug. 6, 2012), https://www.pennmedicine.org/news/news-
releases/2012/august/university-of-pennsylvania.  

74 See Press Release, FDA, FDA Approval Brings First Gene Therapy to the 
United States (Aug. 30, 2017)  
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm574058.htm 
(“The safety and efficacy of Kymriah were demonstrated in one multicenter clinical 
trial of sixty-three pediatric and young adult patients with relapsed or refractory B-
cell precursor ALL. The overall remission rate within three months of treatment was 
eighty-three percent.”). 

75 See Determine Efficacy and Safety of CTL019 in Pediatric Patients with 
Relapsed and Refractory B-cell ALL (ELIANA), CLINICALTRIALS.GOV. (May 6, 
2015), https://clinicaltrials.gov/ct2/show/NCT02435849 

76 Press Release, Novartis, Novartis Announces First CAR-T Cell Therapy BLA 
for Pediatric and Young Adult Patients with r/r B-cell ALL Granted FDA Priority 
Review (Mar. 29, 2017), https://www.novartis.com/news/media-releases/novartis-
announces-first-car-t-cell-therapy-bla-pediatric-and-young-adult.  

77 FDA Approves Tisagenlecleucel for B-cell ALL and Tocilizumab for Cytokine 
Release Syndrome, FDA, 
https://www.fda.gov/drugs/informationondrugs/approveddrugs/ucm574154.htm (last 
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cytokine release syndrome, the complexity of the treatment, and the lack 
of long-term safety data, the approval also stipulated a Risk Evaluation 
and Mitigation Strategies (REMS) program to ensure administration 
under the supervision of properly qualified medical caregivers. 78  
Novartis also received a rare pediatric disease priority review voucher 
based on this BLA.79  

Novartis priced Kymriah®, a potentially curative treatment given as 
a single, one-time infusion, at $475,000, with a notable outcomes-based 
performance criterion — reimbursement would be contingent on patient 
response one month post-treatment. 80   Part of the context for the 
company’s pricing decision was an annual treatment forecast of 600 
patients in the initial approved indication.81 Given the limited, short-
term response data at the time of approval, questions about durability of 
response remain.  Novartis reported sales of just $12 million dollars for 
the first quarter of 2018.82   

Two days before Kymriah’s® approval, Gilead Sciences announced 
its acquisition of Kite Pharmaceuticals for $11.9 billion.83  At the heart 
of the acquisition was Kite’s own CAR-T product, Yescarta® 
(axicabtagene ciloleucel), which had been submitted to the FDA under 
a BLA on March 31, 201784 and granted a priority review.   

In 2009, the National Cancer Institute began studying the underlying 

                                                                                                                                   
updated Sept. 7, 2017). 

78 Approved Risk Evaluation and Mitigation Strategies (REMS), FDA,  
https://www.accessdata.fda.gov/scripts/cder/rems/index.cfm?event=IndvRemsDetail
s.page&REMS=368 (last updated May 1, 2018). 

79 See BLA Approval Letter from Wilson W. Bryan, M.D., Dir., FDA, to Dr. 
Manisha Patel, Novartis Pharm. Corp. (Aug. 30, 2017),  
https://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapy 
Products/ApprovedProducts/UCM574106.pdf.  

80 Sy Mukherjee, Is $475,000 Too High a Price for Novartis's 'Historic' 
Cancer Gene Therapy?, FORTUNE (Aug. 31, 2017, 11:34 AM), 
http://fortune.com/go/health/novartis-kymriah-car-t-cms-price.  

81 Eric Sagonowsky, At $475,000, is Novartis’ Kymriah a Bargain – or Another 
Example of Skyrocketing Prices?, FIERCEPHARMA (Aug. 31, 2017, 9:57 AM), 
https://www.fiercepharma.com/pharma/at-475-000-per-treatment-novartis-kymriah-
a-bargain-or-just-another-example-skyrocketing.  

82 Press Release, Novartis, Novartis Quarterly Financial Results (Apr. 19, 2018), 
https://www.novartis.com/investors/financial-data/quarterly-results#ui-id-1=1.  

83 Press Release, Gilead, Gilead Sciences to Acquire Kite Pharma for $11.9 
billion (Aug. 28, 2017), http://www.gilead.com/news/press-releases/2017/8/gilead-
sciences-to-acquire-kite-pharma-for-119-billion.  

84 Press Release, Kite Pharma, Kite Completes Submission of US Biologics 
License Application (BLA) for Axicabtagene Ciloleucil as the First CAR-T Therapy 
for the Treatment of Patients With Aggressive Non-Hodgkin Lymphoma (NHL) 
(Mar. 31, 2017), http://ir.kitepharma.com/releasedetail.cfm?releaseid=1019623.  
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product, which it had been developing, in cancer patients.85  Kite and 
the NCI entered into a Cooperative Research and Development 
Agreement in 2012 that gave the company rights to this type of 
immunotherapy and initiated a close development collaboration 
between the two.86  Kite filed an IND for the product at the end of 
2014.87  In 2015, the Leukemia and Lymphoma Society (LLS), began 
to co-fund Yescarta’s® pivotal Ph II registration trial through its 
Therapy Accelerator Program®) and at the end of the year the product 
obtained breakthrough status.  In 2015, the Leukemia and Lymphoma 
Society (LLS), began to co-fund Yescarta’s® pivotal Ph II registration 
trial through its Therapy Accelerator Program®88 and at the end of the 
year the product obtained breakthrough status.89  The FDA approved 
Yescarta® in October 2017.90  Like Kymriah®, the approval was based 
on a single pivotal trial, a single-arm, open-label study of 108 adults 
with relapsed or refractory large B-cell lymphoma.91 

Gilead priced Yescarta® at $373,000.92  Sales for the first quarter 

                                                                                                                                   
85 Matt Richtel & Andrew Pollack, Harnessing the US Taxpayer to Fight 

Cancer and Make Profits, N.Y. TIMES (Dec. 19, 2016), 
https://www.nytimes.com/2016/12/19/health/harnessing-the-us-taxpayer-to-fight-
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86 Press Release, Kite Pharma, Kite Pharma Partners with the National Cancer 
Institute to Develop Novel Cellular Immunotherapy Products (Oct. 16, 2012), 
http://ir.kitepharma.com/releasedetail.cfm?releaseid=852506.  

87 Press Release, Kite Pharma, Kite Pharma Submits Investigational New Drug 
Application for Phase 1/2 Trial of KTE-C19, Anti-CD19 Chimeric Antigen Receptor 
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2017), 
https://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProd
ucts/ApprovedProducts/UCM584335.pdf  

90 Press Release, FDA, FDA Approves CAR-T Cell Therapy to Treat Adults 
With Certain Types of Large B-cell Lymphoma (Oct. 18, 2017), 
https://www.fda.gov/newsevents/newsroom/pressannouncements/ucm581216.htm.  

91 BLA Clinical Review Memorandum from Yvette Kasamon & Najat 
Bouchkouj, FDA, to Kite Pharma, Inc. (Oct. 5, 2017),  
https://www.fda.gov/downloads/BiologicsBloodVaccines/CellularGeneTherapyProd
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92 Toni Clarke & Bill Berkrot, FDA Approves Gilead Cancer Gene Therapy, 
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of 2018 were $40 million dollars.93  When Novartis received approval 
for Kymriah® in adults in May 2018, it reduced its price to the same 
level but without the prior performance contingency.94 

In January 2018, Celgene announced the acquisition of yet a third 
CAR-T company with a CD-19 targeted immunotherapy for relapsed or 
refractory diffuse large B-cell lymphoma, Juno Therapeutics, for $9 
billion dollars.95  Juno’s product is still in clinical development. 

Immunotherapy, as exemplified by the CAR-T sector, is an area of 
indisputably important medical innovation that holds tremendous 
therapeutic potential.  As such, it is provoking huge private sector 
financial bets undertaken with significant corresponding risk and 
uncertainty, with a critical mitigating contribution from the public 
sector.  At its current stage of maturity, it is easier to approach it 
descriptively than normatively. 

IX. CONCLUSION 
Our review of the life science innovation ecosystem and of these 

examples shows that it is often functional and productive, and also 
imperfect.  Like most organic phenomena, it can be messy and 
inefficient.  The pricing process is to a large and necessary degree 
subjective, and difficult to reduce to an algorithm.  The intrinsic tension 
it embodies between economic gain and access demands a good faith 
effort by all the interested parties to find an equitable approach that 
aligns their interests as optimally as possible.  This means 
simultaneously maximizing each party’s share of the value equation, as 
far as possible within their respective thresholds of sensitivity.  It means 
satisfying the economic criteria that drive the innovation engine and a 
business model that maximizes clinical utility and access.
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